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Role of Disease and Macronutrient Dose
in the Randomized Controlled EPaNIC Trial
A Post Hoc Analysis

Michael P. Casaer1,2, Alexander Wilmer3, Greet Hermans2,3, Pieter J. Wouters1,2, Dieter Mesotten1,2, and
Greet Van den Berghe1,2

1Laboratory and Department of Intensive Care Medicine and 3Medical Intensive Care Unit, University Hospitals Leuven, Leuven, Belgium; and
2Department of Cellular and Molecular Medicine, KU Leuven, Leuven, Belgium

Rationale: Early parenteral nutrition to supplement insufficient en-
teral feeding during intensive care (early PN) delays recovery as com-
pared with withholding parenteral nutrition for 1 week (late PN).
Objectives: ToassesswhetherdeleteriouseffectsofearlyPNrelate to
severity of illness or to the dose or type of macronutrients.
Methods: Secondary analyses of a randomized controlled trial
(EPaNIC; n ¼ 4,640) performed in seven intensive care units from
three departments in two Belgian hospitals. In part 1, all patients
were included to assess the effect of the randomized allocation to
early PN or late PN in subgroups of patients with increasing-on-
admission severity of illness. In part 2, observationally, the associa-
tion of the amount and type of macronutrients with recovery was
documented in thosepatientcohorts still present in intensivecareon
Days 3, 5, 7, 10, and 14.
Measurements andMain Results: The primary end point was time to
live discharge from the intensive care unit. For part 1, a secondary
end point, acquisition of new infections, was also analyzed. All sta-
tistical analyses were performed by univariable and adjusted multi-
variable methods. In none of the subgroups defined by type or se-
verity of illness was a beneficial effect of early PN observed. The
lowest doseofmacronutrientswas associatedwith the fastest recov-
ery and any higher dose, administered parenterally or enterally, was
associatedwithprogressivelymoredelayed recovery. Theamountof
proteins/amino acids rather than of glucose appeared to explain
delayed recovery with early feeding.
Conclusions: Early combinedparenteral/enteral nutrition delayed re-
covery irrespective of severity of critical illness. No dose or type of
macronutrient was found to be associated with improved outcome.

Clinical trial registeredwithwww.clinicaltrials.gov (NCT 00512122).

Keywords: nutrition; critical illness; autophagy; sepsis; protein

requirement

For decades, clinicians have attempted to improve outcome of
critical illness by reducing the nutritional deficit, associated with
morbidity (1, 2). The EPaNIC (Early Parenteral Nutrition to
Supplement Insufficient Enteral Nutrition in Intensive Care)
trial was methodologically designed and statistically powered
to address this issue (3). In this randomized controlled trial,
the strategy recommended by the European Guidelines (4) to
initiate parenteral nutrition early, when enteral nutrition (EN)
does not suffice to reach caloric targets in critically ill patients
at risk of malnutrition (early PN), was compared with the
American/Canadian guidelines. The latter advise to tolerate
hypocaloric enteral nutrition for 1 week in intensive care (late
PN) (5). Tolerating hypocaloric feeding significantly increased
the likelihood of earlier alive-discharge from the ICU and
hospital, and reduced the rate of new infections and health
care costs without compromising on mortality or functionality
(3, 6).

The data generated by the EPaNIC trial raised three impor-
tant new questions that were not fully addressed in the pre-
planned analyses (3, 7): (1) First, it remained unclear whether
the negative impact of early PN was consistent across the range
of severity of illness. Indeed, more severely ill patients predict-
ably develop a more pronounced caloric deficit. Hence these
patients might benefit from early PN. In contrast, less severely
ill patients might suffer more from the risks of such a preventive
strategy (8–10). (2) As the EPaNIC results clearly support
a strategy of lower calories early in ICU, a second question
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Recently, early parenteral nutrition to critically ill patients
has been shown to prolong intensive care unit stay and
provoke infections. It was not clear whether this effect could
be attributed to less severely ill patients not benefiting from
enhanced nutrition. Also, the role of nutrition dosing has
been questioned.

What This Study Adds to the Field

This post hoc analysis shows no indication that more se-
verely ill patients benefit from early parenteral nutrition.
The untoward effect of early enhanced nutrition is not re-
stricted to patients receiving the highest energy doses.
Also, a relatively high protein-to-glucose ratio is not asso-
ciated with better outcome.

www.clinicaltrials.gov
mailto:michael.casaer@med.kuleuven.be
www.atsjournals.org
http://dx.doi.org/10.1164/rccm.201206-0999OC
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concerned whether there is a dose dependency between total
macronutrient dose and outcome. Nonrandomized studies have
suggested that a moderate dose of nutrition administered early
would result in improved outcome as compared with full-dose
artificial feeding (11–13). (3) The third item concerns the possible
differential contribution of the type of macronutrients, more
specifically glucose versus protein, to the observed adverse out-
come with early PN. Indeed, it has been suggested that the
amounts of glucose administered parenterally in the early-PN
arm could exceed oxidation capacity (14). Moreover, the stan-
dard premixed PN formula in EPaNIC, although used in routine
clinical practice, delivered less protein than recommended by
nutrition guidelines (4, 5). The specific association between glu-
cose versus protein/amino acid intake and clinical outcome was
thus assessed.

In this secondary analysis of the EPaNIC trial, we first tested
the hypothesis that the observed deleterious impact of early PN
on recovery from critical illness was limited to the less severely ill
patients in an analysis of the randomized intervention in post hoc
subgroups defined by severity of disease. We then studied, ob-
servationally, the association of cumulative total energy, glu-
cose, and protein doses with recovery.

METHODS

The study design, methodology, and population have been reported pre-
viously (3, 7). In brief, the EPaNIC trial was a randomized, controlled,
investigator-initiated trial in seven ICUs from three departments in
a university and a regional hospital in Belgium. After informed consent
was obtained, 4,640 adult surgical and medical ICU patients were ran-
domized on admission, to early PN and late PN. In the early-PN group,
glucose-20% was initiated on Day 1 and followed by PN (OliClinomel
or Clinimix; Baxter, Brussels, Belgium) on Day 3, unless adequate enteral/
oral nutrition was predicted by the treating physician, PN was targeted to
reach, cumulated with the EN given, the caloric target by the end of Day 4.
In the late-PN group, no PN was given until Day 8. Patients in both arms,
unless they were ready for oral nutrition, received EN from Day 2 on,
except when medically contraindicated. Parenteral micronutrients were
administered identically in both groups.

Energy target calculations, including protein calories, were based on
ideal body weight, age, and sex (3).

The protocol was approved by the institutional review boards and by
the Belgian authorities. Outcome assessors were blinded (3, 7).

Effect of Early PN versus Late PN in Subgroups of Patients

with Increasing Severity of Illness

This post hoc subgroup analysis included all 4,640 patients in the
intention-to-treat population. The effect of the randomized interven-
tion was assessed separately within four subgroups representing in-
creasing severity of illness, defined by admission APACHE II (Acute
Physiology and Chronic Health Evaluation II) score. This analysis was
repeated after eliminating post–cardiac surgery patients, generally con-
sidered less sick, although less quantifiable by APACHE II (10, 15).
This subgroup (n ¼ 1,822), further referred to as “other patients,” thus
comprised patients admitted to the medical ICU, patients admitted for
medical complications after surgery, and patients admitted after com-
plex noncardiac surgery. The effect on the primary end point, duration

of intensive care dependency, was analyzed by “time-to-event analy-
sis,” censoring ICU nonsurvivors beyond the longest-staying ICU sur-
vivor (3, 7). As mortality and ICU stay were known for all patients, this
was the only form of censoring (16). This “time-to-alive ICU dis-
charge” analysis of the competing risks “ICU discharge” and “death
in ICU” avoids informative censoring (16).

In addition, the impact of the randomized intervention on acquisi-
tion of a new infection in the ICU, assessed by blinded experts (3), was
analyzed within these eight subgroups.

Analyses were performed both in a univariable and multivariable
manner, adjusted for type and severity of illness, age, body mass index,
and Nutritional Risk Screening score (17) on ICU admission. The
“time-to-alive ICU discharge” was visualized by Kaplan–Meier plots
and analyzed by adjusted proportional hazards analysis. Moreover,
odds ratios (ORs) for being discharged alive from the ICUwithin 8 days
were estimated by adjusted logistic regression analysis. The crude pro-
portions of patients acquiring new infection were visualized by bar
charts, with the odds ratios estimated by adjusted logistic regression
analysis.

Interaction between APACHE II score quartiles and randomization, in
the analyses of ICU dependency and of infections, was tested at a signifi-
cance level of less than 0.1. The proportional hazards assumption for early
PN versus late PN was verified by analysis of log-minus-log plots. The P
value for significance in the analyses in four strata was set at 0.0125.

Association between Dose of Macronutrients and Recovery

from Critical Illness

This observational analysis studied the association between nutrition
given up to a specific day and recovery thereafter, in patients still present
in the ICU on Days 3, 5, 7, 10, and 14 after admission. All patients pres-
ent in the ICU on these prespecified days were included when they
achieved less than minimal caloric intake by mouth (,30% of nutri-
tional target). The association between total macronutrient intake,
quantified by cumulative total energy intake—the amount of calories,
encompassing carbohydrates, lipid, and protein received from ICU
admission until the analysis day and expressed in percentages of calcu-
lated caloric target per day—and “time-to-alive ICU discharge” was
assessed by adjusted proportional hazards analysis. The proportional
hazards assumption for cumulative energy on Day 3 was verified by
analysis of partial residuals over time. To provide information on the
shape of the relationship between cumulative energy intake and time-
to-alive ICU discharge, it was divided into intervals of percentage of
target (20% of target increments starting at 30% of target). Time-to-
alive ICU discharge functions for these intervals were visualized by
Kaplan–Meier plots and effect size was estimated by adjusted Cox
proportional hazards analyses. In addition, on Day 3, ORs for being
discharged alive from the ICU within 8 days were determined. To
exclude splitting related artifacts, these analyses were repeated using
a second set of intervals with different boundaries (20% of target incre-
ments starting at 20% of target). These cumulative energy analyses
were performed within the early-PN group alone, the late-PN group
alone, and in the total population.

Association between Glucose Dose versus Protein/Amino Acid

Dose and Recovery from Critical Illness

The protein/amino acid and lipid doses in the EPaNIC trial were closely
linked because of the standard PN and EN solutions used. The timing of
the conversion from exclusive glucose 5% or 20% infusions to PN6EN
and initial glucose over protein/amino acid ratios, however, were

;

Figure 1. Time to live discharge from the intensive care unit (ICU) and acquisition of a new infection with early parenteral (early PN) versus late PN

(no PN during the first week in the ICU) in different-severity-of-illness subgroups. (A and B) Left: Hazard ratios (HRs) and confidence intervals (CIs)

(plus P value) for an earlier alive-ICU-discharge with early versus late PN in patient quartiles defined by APACHE II score. (A and B) Right: Kaplan–
Meier curves depicting the proportion of patients discharged alive from the ICU on ICU Days 1–30. (C and D) Left: Odds ratios (ORs) and CIs for

acquisition of a new infection in ICU with early versus late PN (plus P value). (C and D) Right: Crude proportion of patients acquiring a new infection

in the ICU. (A and C) Total study population. (B and D) Other patients; these are the patients admitted to the medical ICU, admitted for medical

reasons after surgery, or admitted after complex surgery (including trauma and burns). Whereas Kaplan–Meier curves depict only the first 30 days in
ICU, the hazard ratios, in contrast, are based on every patient’s entire ICU stay. APACHE ¼ Acute Physiology and Chronic Health Evaluation.
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variable. We therefore analyzed the association between increasing
cumulative doses of glucose as compared with protein/amino acid
and the likelihood for earlier “alive-discharge from the ICU” in one
adjusted proportional hazards analysis on Days 3, 5, and 7. To allow
comparison between the relative associative effect of increasing cu-
mulative glucose and protein/amino acid doses in one proportional
hazards model, they were normalized to a percentage of target. This
target was based on the amount of glucose and protein/amino acid the
patient would have received when receiving 100% of calculated
energy by standard commercial PN preparation (OliClinomel-N7;
Baxter). The relationship between glucose intake on Day 1 and re-
covery was analyzed independent of protein/amino acid dose because
on this day, according to protocol, virtually no protein had been
administered.

All analyses were performedwith JMP (version 7; SAS Institute Inc.,
Cary, NC). Partial residuals and log-minus-log plots were analyzed in
SPSS statistics 19 (IBM, Chicago, IL).

RESULTS

Effect of Early PN versus Late PN in Subgroups of Patients

with Increasing Severity of Illness

Dividing the total EPaNIC population into quartiles of (ordinal)
APACHE II scores yielded four large subgroups (Table 1 and
Figure 1A; and see Table E1 in the online supplement). Propor-
tional hazards analysis showed no significant interaction (inter-
action P ¼ 0.296) (Table E2) between randomization and these
APACHE II quartiles.

The 1,822 “other patients” were more severely ill on ICU
admission, resulting in fewer patients in the first and second
APACHE quartiles (Table 2, Figure 1B, and Table E1). Also in
this population, no significant interaction between randomization
and APACHE II quartiles was detected (P ¼ 0.250) (Table E2).

The OR for alive ICU discharge within 8 days in logistic re-
gression analysis revealed no benefit from early PN in any of the
quartiles of disease severity (Table E3).

The beneficial effect of late PN on acquisition of a new infec-
tion in the total EPaNIC population was generalizable to all
APACHE II quartiles (interaction P ¼ 0.525). The proportion
of patients acquiring new infection was reduced from 16.9 to
12.6% in the second quartile and from 36.8 to 30.1% in the third

quartile (Figure 1C). In the “other patients” population, again, no
interaction was detected (P ¼ 0.795) (Figure 1D and Table E2).

Association between Dose of Macronutrients and Recovery

from Critical Illness

In both groups, approximately 90% of the patients still present in
the ICU on days of interest did not achieve minimal nutrition by
mouth and thus were included in the analysis (Table 3). During
the first week, patients in the early-PN group received a mean
1,576 6 368 kcal/day versus 594 6 345 kcal/day in the late-PN
group. On all analyzed days, an inverse relation between the
“cumulative energy intake received up to the day of analysis,”
analyzed as a continuous variable, and the likelihood of an
earlier alive-discharge from the ICU in the following days was
found (P values; Figure 2), in both the early-PN and late-PN
groups. A 1% increase in percentage of caloric target per day
was associated with a 0.2% to 0.8% decrease in likelihood for
earlier alive-discharge from the ICU (Table E4).

Analysis of cumulative energy intervals revealed a reduced
likelihood for earlier alive-discharge from the ICU with increas-
ing energy intake (Figure 2). This inverse relation appeared
linear and progressive over the energy intake range in the
early-PN group and in the total population (Figure 2). Logistic
regression analysis of alive-discharge from the ICU within 8 days
revealed a similar relation (Table E5). Kaplan–Meier plots showed
that the proportion of patients discharged alive from the ICU from
any of the analyzed days onward, was lower with the highest and
higher with the lowest cumulative energy intake (Figure E1).

Data for Days 10 and 14 were comparable to Days 3, 5, and 7,
but numbers of patients per group were much smaller. Splitting-
related artifacts were excluded on the basis of similar results ob-
tained by proportional hazards analyses with the second set of
energy intervals (data not shown).

Association between Glucose Dose versus Protein/Amino Acid

Dose and Recovery from Critical Illness

On Day 7, in the early-PN group, the mean cumulative glucose
and protein/amino acid dose were 204.2 (646.7) g/day and 47.2

TABLE 1. DEMOGRAPHICS OF PATIENTS IN QUARTILES BASED ON ADMISSION APACHE II SCORE: TOTAL EPaNIC POPULATION

APACHE Quartile I: 12 (10–13) APACHE Quartile II: 17 (16–18) APACHE Quartile III: 26 (22–30) APACHE Quartile IV: 37 (35–41)

Early PN Late PN P Value Early PN Late PN P Value Early PN Late PN P Value Early PN Late PN P Value

n 626 626 540 532 608 639 538 531

Age, yr 60.4 (614.2) 60.9 (614.7) 0.70 69.9 (610.6) 69.7 (610.2) 0.35 62.0 (615.8) 62.0 (616.8) 0.50 64.2 (613.7) 64.2 (614.8) 0.50

BMI, mean (6SD) 27.0 (64.6) 27.0 (64.4) 0.45 26.6 (64.6) 26.3 (64.3) 0.14 26.5 (65.0) 25.8 (64.8) 0.006 26.0 (65.8) 25.8 (65.1) 0.27

NRS, median (IQR) 3 (3–4) 3 (3–4) 0.86 4 (3–4) 4 (3–4) 0.21 4 (3–4) 4 (3–4) 0.69 4 (3–5) 4 (3–5) 0.53

Cancer, n (%) 69 (11.0%) 73 (11.7%) 0.78 99 (18.3%) 102 (19.2%) 0.75 105 (17.3%) 139 (21.8%) 0.053 164 (30.5%) 143 (26.9%) 0.22

Diagnostic category on admission, n (%) 0.26 0.31 0.98 0.83

Surgical admissions

Cardiac surgery 556 (88.8%) 562 (89.8%) 477 (88.3%) 462 (86.8%) 274 (45.1%) 291 (45.5%) 103 (19.1%) 93 (17.5 %)

Complicated abdominal or pelvic surgery 33 (5.3%) 20 (3.2%) 18 (3.3%) 27 (5.1%) 49 (8.1%) 59 (9.2%) 70 (13.0%) 72 (13.6%)

Transplantation 1 (0.1%) 0 (0.0%) 1 (0.2%) 0 (0.0%) 45 (7.4%) 42 (6.6%) 118 (21.9%) 121 (22.8 %)

Trauma: burns or reconstructive surgery 2 (0.3%) 6 (1.0%) 7 (1.3%) 6 (1.1%) 66 (10.9%) 64 (10.0%) 24 (4.5%) 31 (5.8%)

Complicated thoracic surgery 16 (2.3%) 17 (2.7%) 14 (2.6%) 11 (2.1%) 25 (4.1%) 25 (3.9%) 31 (5.8%) 30 (5.6%)

Complicated vascular surgery 8 (1.3%) 13 (2.1%) 15 (2.8%) 9 (1.7%) 18 (3.0%) 15 (2.4%) 24 (4.5%) 32 (6.0%)

Complicated neurosurgery 3 (0.5%) 0 (0.0%) 1 (0.2%) 0 (0.0%) 39 (6.4%) 40 (6.3%) 18 (3.4%) 14 (2.6%)

Neurological disease 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 10 (1.6%) 14 (2.2%) 4 (0.7%) 1 (0.2%)

Medical admissions

Respiratory 1 (0.2%) 2 (0.3%) 1 (0.2%) 3 (0.3%) 24 (4.0%) 24 (3.8%) 46 (8.6%) 42 (7.9%)

Gastroenterologic or hepatic 2 (0.3%) 1 (0.2%) 1 (0.2%) 4 (0.8%) 20 (3.3%) 21 (3.3%) 32 (6.0 %) 35 (6.6%)

Hematological or oncological 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.2%) 5 (0.8%) 4 (0.6%) 13 (2.4%) 11 (2.1%)

Cardiovascular 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (0.5%) 2 (0.3%) 5 (0.9%) 8 (1.5%)

Renal 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (0.5%) 8 (1.5%) 7 (1.3%)

Neurological 0 (0.0%) 0 (0.0%) 1 (0.2%) 0 (0.0%) 3 (0.5%) 5 (0.8%) 6 (1.1%) 2 (0.4%)

Metabolic 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.2%) 1 (0.2%) 1 (0.2%) 3 (0.56%)

Other medical admissions 4 (0.6%) 5 (0.8%) 4 (0.7%) 9 (1.7%) 26 (4.3%) 29 (4.5%) 35 (6.5%) 29 (5.5%)

Definition of abbreviations: APACHE ¼ Acute Physiology and Chronic Health Evaluation; BMI ¼ body mass index; EPaNIC ¼ Early Parenteral Nutrition to Supplement

Insufficient Enteral Nutrition in Intensive Care; IQR ¼ interquartile range; NRS ¼ Nutritional Risk Screening; PN ¼ parenteral.
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(615.1) g/day, respectively, as compared with only 91.8 (644.3) g/day
and 14.2 (614.6) g/day in the late-PN group.

Glucose dose on ICU Day 1 was neutrally related to the like-
lihood of an earlier alive-discharge from the ICU thereafter (haz-

ard ratio, 0.87; confidence interval, 0.695–1.108). On Days 3, 5,

and 7, the relative association of increasing cumulative glucose

intake, as compared with protein/amino acid intake, with the

likelihood of an earlier alive-discharge from the ICU, was never

in favor of protein/amino acid (Figure 3).

Testing the Proportional Hazards Assumption

The log-minus-log plot for early PN versus late PN in the pro-
portional hazards model revealed no time dependency (Figure
E2). For patients still in the ICU on Day 3, the partial residual
plot for cumulative energy on Day 3 suggested time dependency,
which was confirmed by incorporating the time-dependent
variable in the proportional hazards model. The inverse rela-
tionship between energy intake and likelihood of an earlier
alive-discharge from the ICU was then even slightly more

TABLE 2. DEMOGRAPHICS OF PATIENTS IN QUARTILES BASED ON ADMISSION APACHE II SCORE: OTHER PATIENTS (NOT ADMITTED
AFTER CARDIAC SURGERY)

APACHE Quartile I: 13 (10–14) APACHE Quartile II: 17 (16–18) APACHE Quartile III: 28 (24–30) APACHE Quartile IV: 37 (35–41)

Early PN Late PN P Value Early PN Late PN P Value Early PN Late PN P Value Early PN Late PN P Value

n 70 64 63 70 334 348 435 438

Age, yr 54.0 (614.5) 52.3 (619.2) 0.28 63.1 (610.6) 62.8 (614.5) 0.45 55.5 (616.1) 55.6 (617.8) 0.50 63.9 (613.4) 63.5 (614.1) 0.34

BMI, mean (6SD) 25.8 (64.8) 25.6 (65.3) 0.38 25.7 (66.0) 25.3 (65.9) 0.36 26.0 (65.3) 25.3 (65.0) 0.039 25.8 (65.9) 25.8 (65.3) 0.48

NRS, median (IQR) 3 (3-4) 3 (3-4) 0.84 3 (3-5) 4 (3-5) 0.63 3 (3-5) 3 (3-5) 0.84 4 (3-5) 4 (3-5) 0.29

Cancer, n (%) 40 (57.1%) 29 (45.3%) 0.22 30 (47.6%) 36 (51.4%) 0.72 77 (23.1%) 96 (27.6%) 0.187 147 (33.8%) 124 (28.3%) 0.092

Diagnostic category on admission, n (%) 0.20 0.27 0.97 0.81

Surgical admissions

Cardiac surgery 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Complicated abdominal or pelvic surgery 33 (47.1%) 20 (31.3%) 18 (28.6%) 27 (38.6%) 49 (14.7%) 45 (17.0%) 70 (16.1%) 72 (16.4%)

Transplantation 1 (1.4%) 0 (0.0%) 1 (1.6%) 0 (0.0%) 45 (13.5%) 42 (12.1%) 118 (27.1%) 121 (27.6 %)

Trauma: burns or reconstructive surgery 2 (2.9%) 6 (9.4%) 7 (11.1%) 6 (8.6%) 66 (19.8%) 64 (18.4%) 24 (5.5%) 31 (7.1%)

Complicated thoracic surgery 16 (22.9%) 17 (26.6%) 14 (22.2%) 11 (15.7%) 25 (7.5%) 25 (7.2%) 31 (7.1%) 30 (6.9%)

Complicated vascular surgery 8 (11.4%) 13 (20.3%) 15 (23.8%) 9 (12.9%) 18 (5.4%) 15 (4.3%) 24 (5.5%) 32 (7.3%)

Complicated neurosurgery 3 (4.3%) 0 (0.0%) 1 (1.6%) 0 (0.0%) 39 (11.7%) 40 (11.5%) 18 (4.1%) 14 (3.2%)

Neurological disease 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 10 (3.0%) 14 (4.0%) 4 (0.9%) 1 (0.2%)

Medical admissions

Respiratory 1 (1.4%) 2 (3.13%) 1 (1.6%) 3 (4.29%) 24 (7.2%) 24 (6.9%) 46 (10.6%) 42 (9.6%)

Gastroenterologic or hepatic 2 (2.9%) 1 (1.6%) 1 (1.6%) 4 (5.7) 20 (6.0%) 21 (6.0%) 32 (7.4 %) 35 (8.0%)

Hematological or oncological 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.4%) 5 (1.5%) 4 (1.2%) 13 (3.0%) 11 (2.5%)

Cardiovascular 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (0.9%) 2 (0.6%) 5 (1.2%) 8 (1.8%)

Renal 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (0.9%) 8 (1.8%) 7 (1.6%)

Neurological 0 (0.0%) 0 (0.0%) 1 (1.6%) 0 (0.0%) 3 (0.9%) 5 (1.4%) 6 (1.4%) 2 (0.5%)

Metabolic 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.3%) 1 (0.3%) 1 (0.2%) 3 (0.7%)

Other medical admissions 4 (5.7%) 5 (7.8%) 4 (0.7%) 9 (12.9%) 26 (7.8%) 29 (8.3%) 35 (8.1%) 29 (6.6%)

Definition of abbreviations: APACHE ¼ Acute Physiology and Chronic Health Evaluation; BMI ¼ body mass index; IQR ¼ interquartile range; NRS ¼ Nutritional Risk

Screening; PN ¼ parenteral.

TABLE 3. DEMOGRAPHICS OF PATIENTS IN CUMULATIVE ENERGY ANALYSES

Patients Analyzed on ICU Day 3 Patients Analyzed on ICU Day 5 Patients Analyzed on ICU Day 7

Early PN Late PN P Value Early PN Late PN P Value Early PN Late PN P Value

n 1358 1312 893 823 677 585

Age, yr 64.4 (614.5) 64.3 (615.4) 0.37 63.4 (14.8) 63.2 (615.8) 0.40 62.7 (614.9) 62.8 (616.1) 0.51

BMI, mean (6SD) 26.5 (65.3) 26.2 (64.9) 0.07 26.3 (65.5) 26.1 (65.1) 0.22 26.3 (65.3) 26.2 (65.3) 0.339

NRS, median (IQR) 3 (4–4) 3 (4–5) 0.44 3 (4–5) 3 (4–5) 0.58 4 (3–5) 4 (3–5) 0.66

APACHE II score, median (IQR) 27 (17–35) 27 (17–35) 0.68 31 (22–37) 31 (22–37) 0.75 32 (24–38) 33 (25–38) 0.199

Cancer, n (%) 296(21.8%) 288 (22.0%) 0.92 224 (25.1%) 187 (22.7%) 0.25 166 (24.5%) 145 (24.8%) 0.94

Diagnostic category on admission 0.98 0.31 0.99

Surgical admissions, n (%)

Cardiac surgery 627 (46.2%) 614 (46.8%) 321 (36.0%) 287 (34.9%) 206 (30.4%) 166 (28.4%)

Complicated abdominal or pelvic surgery 125 (9.2%) 119 (9.1%) 97 (10.9%) 93 (11.3%) 83 (12.3%) 77 (13.2%)

Transplantation 131 (9.7%) 120 (9.2%) 86 (9.6%) 79 (9.6%) 61 (9.0%) 49 (8.4%)

Trauma: burns or reconstructive surgery 88 (6.5%) 96 (7.3%) 78 (8.7%) 78 (9.5%) 69 (10.2%) 65 (11.1%)

Complicated thoracic surgery 67 (4.9%) 59 (4.5%) 56 (6.3%) 52 (6.3%) 45 (6.7%) 43 (7.4%)

Complicated vascular surgery 47 (3.5%) 48 (3.7%) 31 (3.5%) 39 (4.7%) 30 (4.4%) 33 (5.6%)

Complicated neurosurgery 52 (3.8%) 43 (3.3%) 40 (4.5%) 34 (4.1%) 34 (5.0%) 27 (4.6%)

Neurological disease 12 (0.9%) 10 (0.8%) 9 (1.0%) 8 (1.0%) 7 (1.0%) 4 (0.7%)

Medical admissions, n (%)

Respiratory 62 (4.6%) 58 (4.4%) 49 (5.5%) 39 (4.7%) 38 (5.6%) 32 (5.5%)

Gastroenterologic or hepatic 48 (3.5%) 50 (3.8%) 41 (4.6%) 39 (4.7%) 36 (5.3%) 31 (5.3%)

Hematological or oncological 17 (1.3%) 13 (1%) 16 (1.8%) 12 (1.5%) 12 (1.8%) 12 (2.1%)

Cardiovascular 5 (0.4%) 9 (0.7%) 5 (0.6%) 6 (0.7%) 5 (0.7%) 5 (0.9%)

Renal 8 (0.6%) 7 (0.5%) 7 (0.8%) 5 (0.6%) 6 (0.9%) 5 (0.9%)

Neurological 10 (0.7%) 7 (0.5%) 9 (1.0%) 5 (0.6%) 5 (0.7%) 3 (0.5%)

Metabolic 1 (0.1%) 3 (0.2%) 1 (0.1%) 3 (0.2%) 1 (0.2%) 0 (0.0%)

Other medical admissions 58 (4.3%) 56 (4.3%) 47 (5.3%) 44 (5.4%) 39 (4.8%) 33 (5.6%)

Definition of abbreviations: BMI ¼ body mass index; ICU ¼ intensive care unit; IQR ¼ interquartile range; NRS ¼ Nutritional Risk Screening; PN ¼ parenteral.
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Figure 2. Chance of an earlier live discharge from the intensive care unit (ICU) with increasing nutrition doses. Analyzes within early parenteral

(early-PN) group (left), total population (middle), and late-PN group (right) for patients still in the ICU and not receiving adequate oral nutrition on

Day 3 (top), Day 5 (middle), and Day 7 (bottom). Numbers above the graphs are as follows: number of patients analyzed/number of patients still in
ICU on analysis day. P values in boldface: significance level of the association between likelihood for an earlier discharge alive from the ICU and

increased cumulative energy intake until the day of analysis, analyzed continuously in an adjusted Cox proportional hazards model. For hazard ratios

(HRs) and confidence intervals (CIs) per 1% increase of target per day reached, please refer to Table E4. Graphs: Hazard ratios and confidence

intervals for an earlier live discharge from the ICU are displayed for every cumulative energy interval as compared with the lowest interval (reference¼ 1).
Numbers below the graphs: number of patients per interval (n), cumulative energy (protein included) in mean kilocalories (6standard deviation)

in the interval. Note the small numbers in the highest energy intervals in the late-PN group on Days 3, 5, and 7 and in the lowest energy interval

in the early-PN group on Day 7; these HRs and CIs should be interpreted with caution. Whereas Kaplan–Meier curves (Figure E1) depict only the first
30 days in ICU, the hazard ratios, in contrast, are based on every patient’s entire ICU stay starting on the analysis day.
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pronounced (hazard ratio, 0.995; confidence interval, 0.993–
0.997).

DISCUSSION

This post hoc, in-depth secondary analysis of prospectively col-
lected data from the EPaNIC trial did not support the hy-
pothesis that the observed deleterious impact of early PN on
recovery from critical illness would be limited to the less se-
verely ill patients. Also, the negative impact of early PN on
recovery was not explained by the dose of macronutrients. No
intermediate dose, as compared with the lowest dose, was asso-
ciated with improved outcome. Finally, our analyses revealed no
indication that the predominance of glucose over protein/amino
acids would explain the deleterious effects evoked by early PN.

The beneficial effect of late PN was generalized across differ-
ent strata of severity of illness as no interaction between random-
ization and APACHE II quartiles was found. Thus, patients who
are more severely ill, intuitively assumed to benefit most from
early PN, in fact do not. This lack of benefit with early PN, al-
though at first sight surprising, is in line with the paucity of ev-
idence in favor of PN. Results from meta-analyses of PN versus
EN are conflicting (18–20). Increased enteral and parenteral
intake, through indirect calorimetry-guided nutrition, resulted
in more morbidity, but a trend for lower mortality as compared
with fixed-target feeding (21). In 230 major surgery or trauma
patients early PN, as compared with parenteral glucose 5% for
up to 14 days, did not affect mortality (22). Also, randomization
to PN rather than EN when clinicians were unsure about gas-
trointestinal adequacy was not beneficial (23). Results from
a small study, completed in 2010, are today only partially avail-
able in abstract. They suggest reduced incidence of new infec-
tions but similar length of ICU stay with early PN (Day 4) as
compared with late PN (Day 8) in a highly selected group of
patients (24). In observational studies, early PN plus EN im-
proved nutritional intake but not outcome (25).

The lowest cumulative caloric dose interval, far below the rec-
ommended 20–30 kcal$kg21$day21 (26), was associated with
similar or better outcome than any of the higher doses (Figure
2). In the early-PN population, the likelihood for earlier alive-
discharge from the ICU clearly declined significantly from the

third energy interval onward. This interval corresponds to an
average nonprotein intake of 13–18 kcal$kg21$day21, amounts
of nutrition never considered to be excessive. Surprisingly, also
in the late-PN group, patients receiving more (enteral) nutrition
during the first week did not recover faster. Although based on
a smaller number of patients, these data might suggest that,
irrespective of the route of feeding, the concept of maximizing
nutritional intake should be revisited. Rice and colleagues re-
ported unaffected morbidity and mortality despite important
cumulative energy debt with “trickle enteral feeding” as com-
pared with full enteral feeding in 1,000 patients with respiratory
failure (27). Ibrahim and colleagues observed even better out-
comes with less aggressive feeding (12). In two large cluster
randomized studies, the guidelines for optimal feeding im-
proved nutrition delivery, but this improved outcome only
in the first trial (28, 29). Observational data, in contrast, gener-
ally support the practice of early adequate feeding (13, 30, 31).
Analyzing nutrition intake while comparing different durations
of ICU stay, however, is complicated and often methodologi-
cally flawed. During ICU stay, daily caloric intake tends to
increase progressively to approach target, but the cumulative
energy debt usually persists or increases. Bias evoked by time
in ICU could explain the contrasting results of previous obser-
vational trials (11, 13, 30, 31). Clearly, sufficiently powered
randomized controlled trials with strong clinical end points
comparing different energy doses are needed. On the basis of
Rice’s and our data, it appears unlikely that promoting aggressive
enteral or parenteral feeding during the first week of critical illness
is beneficial (32).

Finally, the predominance of glucose over protein/amino
acids in the early-PN strategy did not seem to explain the dele-
terious effects evoked by early PN. Lipogenesis occurs when glu-
cose intake exceeds 4 mg$kg21$minute21 (z5.7 g$kg21$day21)
(14, 33). In the early-PN arm of the EPaNIC trial, however, the total
daily glucose doses were much lower (mean, 3.3 [61.3] g$kg21$d21

even on Day 7) (3). The cumulative protein/amino acid dose,
rather than the cumulative glucose dose, early during ICU
stay was associated with delayed recovery. This apparent ab-
sence of a beneficial outcome with more protein intake may
not be that surprising, given the lack of evidence supporting
the recommended protein doses. Although increased amino
acid intake may improve nitrogen balances (34–37), it never
improved outcome (38, 39) and it may increase oxidative
burden (36).

Our results suggest that, irrespective of the route of admin-
istration, the amount of macronutrients administered early dur-
ing critical illness may worsen outcome. Enhanced autophagy by
nutrient restriction for 1 week may be one of the underlying
mechanisms. Autophagy is a cellular housekeeping system clear-
ing damaged organelles and toxic protein aggregates to preserve
cell integrity (40, 41). In critically ill rabbits fasting as compared
with early nutrition, resulted in catabolism but also in functional
autophagy, better maintained cell integrity and protected organ
function (42).

Our study has some limitations. While the first part of this
analysis is based on the randomized intervention in the
intention-to-treat population in strata by prerandomization char-
acteristics, the energy dose andmacronutrient analyses are based
on a posteriori association within subgroups of patients defined
by length of stay. All results of these post hoc analyses must be
interpreted as hypothesis-generating. Nevertheless, the unequivocal
results of the uncorrected Kaplan–Meier plots and of the ad-
justed proportional hazards models, crude proportions of patients
and multivariable logistic regression analyses, within the total
population, the early-PN and late-PN groups support the ro-
bustness of our observational findings.

Figure 3. Time to live discharge from the intensive care unit (ICU):
Relation to glucose dose as compared with protein dose. Effect size

per 10% increments of target per day in cumulative glucose intake

(z628 g/d) (yellow) and cumulative protein intake (z67 g/d) (green)
in a time-to-alive ICU discharge analysis corrected for severity and type

of disease. Normalized glucose target was 276.4 (670.8) g/day and

normalized protein target was 72.3 (618.5) g/day. This target was

derived from the amount of glucose and protein the patient would
have received with the standard commercial parenteral (PN) prepara-

tion when receiving 100% of his calculated energy target.
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In conclusion, no subpopulation of critically ill patients could
be identified that benefited from early PN. In a context of ade-
quate micronutrient substitution to all patients, the benefit of
late PN appears general across the entire range of severity of ill-
ness. Our data also suggest that caloric targets currently recom-
mended by international guidelines may be inappropriate for the
first week of critical illness and should be revised. Finally, the
claimed benefit of higher protein doses early in critical illness
was not substantiated by the results of this study.

Author disclosures are available with the text of this article at www.atsjournals.org.
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