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Be early for enteral, no rush for calories!
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Université Libre de Bruxelles, 808 Route de Lennik, 1070 Brussels,
Belgium
e-mail: preiserj@ulb.ac.be
Tel.: ?3225554756

Y. M. Arabi
King Abdullah International Medical Research Center, King Saud
Bin Abdulaziz University for Health Sciences, Riyadh, Saudi
Arabia

The recent systematic review and meta-analysis by Marik
and Hooper [1] challenges the long-held belief that more
calories are better, one of the most controversial areas of
discussion in the field of metabolic and nutritional support
of the critically ill [2]. This classical statement has been
mainly based on observational studies reporting an asso-
ciation between low caloric intakes and higher rate of
complications [3, 4], while other retrospective studies
have suggested a better outcome with hypocaloric than
with normocaloric feeding [5, 6]. Importantly, the thor-
ough and rigorous review of the recent randomized
controlled trials [1] revealed no significant outcome dif-
ference between groups randomized to ‘‘hypocaloric’’ or
‘‘trophic’’ over ‘‘normocaloric’’ feeding, defined as the
provision of energy designed to match the energy
expenditure early during the course of critical illness
(Fig. 1).

In all retrieved studies, enteral feeding was initiated at
an early stage in critical illness, although the studies had
several differences in the amount of proteins between the
’’normocaloric’’ and the ‘‘hypocaloric’’ or ‘‘trophic’’
groups [6–9], in the management on enteral feeding and
in the calculation of caloric intakes. In addition, the
degree and duration of caloric restriction differed, by
design, between trophic and permissive underfeeding
studies (Fig. 1). Nevertheless, the absence of difference in
outcome is definitely relevant to contemporary ICUs, as
the individual studies were all performed after 2010, the
caloric intakes were well separated between groups, and
the study populations are reasonably representative of
mixed ICUs of the Western world, except for the young
age [8–10].

Are these findings surprising? Probably not, when
nuancing the potential benefit of early caloric intake with
the high risk of inadvertent overfeeding, when the
endogenous production of glucose cannot be inhibited by
exogenous substrates [11, 12], and considering the non-
nutritional calories provided when glucose or lipids are
used as maintenance solutions or solvents, which are not
always accounted for. As a result, during the early days of
critical illness, the excess calories can be stored as adi-
pose tissue within muscles [13] instead of being used to
provide energy or to increase muscle mass. Other poten-
tial explanations for the lack of benefits or the potential
toxicity of normocaloric feeding include the inhibition of
autophagy [14]. From a teleological standpoint, the
anorexia occurring during the early phase of critical ill-
ness could be adaptive to prevent the toxicity of
overfeeding, while prioritizing vital functions. This
hypothesis is supported by the tight regulation process of
appetite by enterohormones released from the gastroin-
testinal tract.

In contrast to the risk associated with a high caloric
intake early during the course of critical illness, the use of
the enteral route as early as possible is desirable. Several
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lines of evidence support the preferential use of the gas-
trointestinal tract over the intravenous route for nutrition,
even though the final proof of prevention of translocation
by enteral nutrition is still lacking in humans. The

proponents of trickle or trophic feeds suggest the infusion
of a minimal amount of enteral nutrition, irrespective of
the amount of calories infused [9]. Interestingly, the
absorption of nutrients itself can be delayed during the
acute phase [15], consistent with adaptive changes in
digestive physiology to prevent overfeeding.

Several additional issues are raised and left unan-
swered by the studies analyzed by Marik and Hooper [1],
including the selection of the best end-point to assess the
efficacy of nutrition. The authors of the meta-analysis
reported only the available variables, mortality, length of
stay and infectious complications, which could reflect the
safety of nutritional interventions, rather than their actual
efficacy. Likewise, a global strategy of nutrition associ-
ated with physical activity is more likely to preserve
muscular function and autonomy, but this assumption
needs to be assessed prospectively and rigorously. The
frequency of refeeding syndrome, a major safety out-
come, could be overlooked in the absence of stratification
based on the prior nutrition status, or could also be rele-
vant in patients starving for a few days.
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Fig. 1 Schematic representation of 3 feeding strategies: nor-
mocaloric or full feeding (green line) aims to match energy
expenditure (EE) as early as possible; hypocaloric or permissive
underfeeding aims to match 50–70 % of EE according to individual
tolerance; trickle or trophic feeding aims to provide a minimal
amount of enteral feeds, resulting in the provision of 10–20 % of
EE
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Take-home message: In this meta-
analysis of 6 studies with 2517 ICU patients,
which compared trophic feeding and
permissive underfeeding with normocaloric
nutritional goals, there was no difference in
the risk of acquired infections, hospital
mortality, ICU length of stay or ventilator-
free days stay between the two groups.
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Abstract Introduction: Current
clinical practice guidelines recom-
mend providing ICU patients a daily
caloric intake estimated to match
80–100 % of energy expenditure
(normocaloric goals). However,
recent clinical trials of intentional
hypocaloric feeding question this
approach. Methods: We performed
a systematic review and meta-analy-
sis to compare the outcomes of ICU
patients randomized to intentional
hypocaloric or normocaloric goals.
We included randomized controlled
trials that enrolled ICU patients and
compared intentional hypocaloric
with normocaloric nutritional goals.
We included studies that evaluated
both trophic feeding as well as per-
missive underfeeding. Data sources
included MEDLINE, Cochrane
Register of Controlled Trials and
citation review of relevant primary
and review articles. The outcomes of
interest included hospital acquired
infection, hospital mortality, ICU
length of stay (LOS) and ventilator-
free days (VFDs). Results: Six
studies which enrolled 2517 patients
met our inclusion criteria. The mean
age and body mass index (BMI)
across the studies were 53 ± 5 years

and 29.1 ± 1.5 kg/m2, respectively.
Two studies compared normocaloric
feeding (77 % of goal) with trophic
feeding (20 % of goal), while four
studies compared normocaloric feed-
ing (72 % of goal) with permissive
underfeeding (49 % of goal). Overall,
there was no significant difference in
the risk of infectious complications
(OR 1.03; 95 % CI 0.84–1.27,
I2 = 16 %), hospital mortality (OR
0.91; 95 % CI 0.75–1.11, I2 = 8 %)
or ICU LOS (mean difference
0.05 days; 95 % CI 1.33–1.44 days;
I2 = 37 %) between groups. VFDs
were reported in three studies with no
significant difference between the
normocaloric and intentional hypo-
caloric groups (data not pooled).
Conclusion: This meta-analysis
demonstrated no difference in the risk
of acquired infections, hospital mor-
tality, ICU length of stay or
ventilator-free days between patients
receiving intentional hypocaloric as
compared to normocaloric nutritional
goals.

Keywords Enteral nutrition !
Permissive underfeeding !
Trophic feeding ! Caloric goals

Introduction

Nutritional support is considered an essential component
of the management of critically ill patients [1], with

Clinical Practice Guidelines (CPG) emphasizing early
(within 24–48 h of ICU admission) normocaloric enteral
nutrition (daily caloric intake estimated to match
80–100 % of energy expenditure) [2–5]. It is generally
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believed that early normocaloric enteral nutrition attenu-
ates the catabolic response of acute illness, reduces
disease severity, attenuates the pro-inflammatory and
anti-inflammatory immune response, diminishes compli-
cations, decreases ICU and hospital length of stay (LOS)
and favorably impacts patient outcome [2–5]. Observa-
tional cohort studies suggest that underfeeding critically
ill patients with the accrual of a large caloric deficit
(difference between required and delivered calories) is
associated with worse patient outcomes [6–11]. However,
a number of recent randomized controlled trials (RCTs)
have failed to demonstrate an improvement in the out-
comes of critically ill patients receiving a normocaloric
feeding protocol as opposed to a strategy of intentional
hypocaloric feeding. The objective of this systematic
review and meta-analysis was to determine whether
nutritional support targeting recommended caloric goals
improves the outcomes of ICU patients as compared to an
intentional hypocaloric approach.

Methods

Identification of trials and outcome variables

Our aim was to identify all relevant RCTs that compared
a normocaloric (targeting 80–100 % of daily energy
expenditure) with an intentional hypocaloric feeding
strategy. We included studies that compared normocaloric
feeding with a protocol that used ‘‘tropic feeding’’ as well
as studies that compared normocaloric feeding versus
permissive underfeeding (\70 % of daily energy expen-
diture). We excluded studies in which parenteral nutrition
was the main source of nutrition. We limited the search
strategy to adult ICU patients. There was no restriction on
language, publication year or setting. Both authors inde-
pendently searched the National Library of Medicine’s
MEDLINE database for relevant studies in any language
published from 1966 to July 2015. The MEDLINE
(OVID) search strategy is depicted in Fig. S1. In addition,
we searched the Cochrane Register of Controlled Trials
(CENTRAL) and the bibliographies of all selected articles
and review articles for other relevant articles. This search
strategy was done iteratively, until no new potential
citations were found. We performed and reported this
meta-analysis according to the guidelines proposed by the
PRISMA group [12, 13]. The outcome measures of
interest were infectious complications, hospital mortality,
ICU LOS and ventilator-free days (VFDs).

Data extraction and quality assessment

Both reviewers independently assessed eligibility of arti-
cles identified in the initial search strategy for inclusion in

the review.They discussed those papers deemedpotentially
eligible, independently extracted data using a standardized
data abstraction form, and assessed studies’ methodologi-
cal quality using the risk of bias assessment tool from the
Cochrane handbook for randomized trials [14]. Disagree-
ments between the reviewers were resolved by consensus.
Missing data were kindly provided by the primary inves-
tigator when available [15, 16].

Data analysis

Summary data is presented as sample size, time to enroll-
ment in study, patient characteristics, caloric goals, the
average amount of calories and protein delivered and the
outcomes of interest in each group of patients. Studies were
grouped according to whether a trophic feeding or permis-
sive underfeeding strategy was used. When sufficient data
elements were available and, when appropriate, meta-ana-
lytic techniques were used to summarize the data. We used
the random-effectsmodel (more conservative) usingReview
Manager 5.3.4 (Cochrane Collaboration, Oxford, UK) and
considered p B 0.05 (two-sided) as significant. We report
binary outcomes as odds ratios (OR) and continuous out-
comes as weighted mean differences (WMD). Summary
effects estimates are presented with 95 % confidence inter-
vals (CI). We assessed heterogeneity between studies for
each outcome using the Cochran Q statistic [17], with
p B 0.10 indicating significant heterogeneity [18], and I2

with suggested thresholds for low (25–49 %) moderate
(50–74 %) and high ([75 %) values. We performed a
Funnel plot to determine publication and study bias [19, 20].

Results

Our initial search strategy identified 191 possible studies
for inclusion in this analysis. A total of 133 studies were
excluded after screening and, of the 58 full text articles
assessed for eligibility, 54 were excluded. In addition to
the four studies identified by our primary search, two
additional studies were identified from the bibliographies
of the primary articles identified and review articles. The
results of the search strategy are depicted in Fig. S2. The
six studies included in the systematic review and meta-
analysis are summarized in Table 1. In all, 2517 patients
were enrolled in these six studies. The average sample
size was 420 (83–1000) patients. Two studies evaluated
trophic feeds (n = 1200) [15, 16], while four studies
evaluated permissive underfeeding (n = 1317) [21–24].
The risk of bias assessment of the included studies in
depicted in Fig. S3. None of the studies blinded patients
or their healthcare providers. Blinding of outcome
assessment was not reported in any of the studies
included.



The demographics of the patients were similar across
studies with a mean age of 53 ± 5 years and a mean BMI
of 29.1 ± 1.5 kg/m2. The APACHE II score was reported
in five studies with a mean of 24 ± 5. The nutrition
provided and outcomes data are listed in Table 2. In the
trophic studies, 1359 ± 83 Kcal (77 % of goal) was
provided in the normocaloric group as compared to
350 ± 70 Kcal (20 % of goal) in the trophic group during
the first week of hospitalization. Patients in the trophic
group did not receive supplemental protein, receiving 54
and 11 g, respectively. In the permissive underfeeding
studies, patients in the normocaloric group received
1246 ± 126 kilocalories (72 % goal) as compared to
910 ± 73 kilocalories (49 % of goal) in the permissive
underfeeding group (see Table 2). Three of the permis-
sive underfeeding studies provided additional protein in

the hypocaloric group to achieve similar protein intake
[21–23]. In the trophic studies, patients in the intentional
hypocaloric arm were underfed for 6 days (at which point
they were transitioned to target nutritional goals if they
remained in the ICU) [15, 16]. In the permissive under-
feeding studies, the intentional hypocaloric group were
underfed for the duration of the patients ICU stay or until
day 14 [22].

Infectious complications were reported in all six
studies; summary data demonstrated no difference in the
risk of infectious complications (OR 1.03; 95 % CI
0.84–1.27) with minimal heterogeneity between studies
(I2 = 16 %) (see Fig. 1). The funnel plot revealed no
evidence of publication bias (Fig. S4). Hospital mortality
was reported in all six studies; overall, there was no dif-
ference in the risk of death between the intentional

Table 1 Characteristics and nutrition data of studies included in meta-analysis

Author Year Setting Patientsa n Timeb Age BMI (kg/
m2)

APACHE
II

Caloric goal

St Hypo St Hypo St Hypo St Hypo

Trophic
Rice 2011 Single

center
MV[3 days 200 \24 54 53 28.2 29.2 27 27 25–30 kcal/

kg/day
300 cals/day

Rice 2012 Multicenter Acute lung injury 1000 \48 52 52 30.4 29.9 – – 25–30 kcal/
kg/day

300 cals/day

Permisssive underfeeding
Arabi 2011 Single

center
ICU[2 days; 99 %
MV

240 \24 52 50 28.5 28.5 25 25 90–100 % goal 60–70 % goal

Charles 2014 Single
center

SICU[2 days 83 – 53 50 28.1 32.9 17 17 25 kcal/kg/d 12.5–15 kcal/
kg/day

Petros 2014 Single
center

ICU[3 days 100 \24 64 67 27.1 28.6 27 30 100 % goalc 50 % goal

Arabi 2015 Multicenter ICU[3 days; 97 %
MV

894 \24 51 50 29.7 29.0 21 21 70–100 % goal 40–60 % goal

MV mechanical ventilation, SICU surgical ICU, St standard feed,
hypo hypocaloric
a Studies enrolled patients expected to require mechanical venti-
lation[3 days or ICU stay in excess of 2 (or 3 days)

b Time to randomization (h)
c Determined by indirect calorimetry

Table 2 Nutrition received and outcome data of studies included in meta-analysis

Author Kilocalories/goal (%) Protein (g) VFD ICU LOS Hospital mortality (%)

St Hypo St Hypo St Hypo St Hypo St Hypo

Trophic
Rice 1418/75 300/16 54 11 18 18 7.6 ± 5.9 8.1 ± 6.1 19.6 22.4
Rice 1300/80 400/25 – – 15 15 11.0 ± 9.8 11.3 ± 10.6 22.2 23.2d

Permissive underfeeding
Arabi 1102/71 915/59 43 47 – – 14.5 ± 15.5 5 11.7 ± 8.1 42.5 30
Charles 1338/– 982/– 83 86 – – 13.5 ± 7.1 16.7 ± 17.2 9.5 7.3
Petros 19.7c/75 11.3c/42 – – – – – – 22.2 21.7
Arabi 1299/71 835/46 59 57 75a,b 77 13a 13 27.6 24.2

VFD ventilator-free days (28 day), St standard feed, Hypo hypo-
caloric feed
a Median
b VFD to 90 days

c Kcal/kg/day
d Hospital mortality was censored at 60 days



hypocaloric and normocaloric group (OR 0.91; 95 % CI
0.75–1.11, I2 = 8 %) (see Fig. 2); however, there was a
trend towards a lower mortality favoring hypocaloric
feeding in the permissive underfeeding subgroup (OR

0.80; 95 % CI 0.62–1.02, p = 0.07, I2 = 0 %). ICU
length of stay was reported in four studies, with no overall
difference between the intentional hypocaloric and nor-
mocaloric groups (mean difference 0.05 days; 95 % CI

Fig. 1 Comparison of the risk of hospital acquired infections/sepsis
for patients receiving standard feeds as compared to hypocaloric
feeds grouped by tropic feeds and underfeeding. Weight is the

relative contribution of each study to the overall treatment effect
(odds risk ratio and 95 % confidence interval) on a log scale
assuming a random effects model

Fig. 2 Comparison of the risk of hospital mortality during study
period for patients receiving standard feeds as compared to
hypocaloric feeds grouped by tropic feeds and underfeeding.

Weight is the relative contribution of each study to the overall
treatment effect (odds risk ratio and 95 % confidence interval) on a
log scale assuming a random effects model



1.33–1.44 days; I2 = 37 %) (see Fig. 3). VFDs were
reported in three studies, and in each of these there was no
significant difference in VFDs between the intentional
hypocaloric and normocaloric group (see Table 2). VFDs
to study day 28 was reported in two studies [15, 16], while
VFD to study day 90 was reported in one study [22]. Due
to the characteristics of the data, it was not possible to
pool these end-points to determine the summary statistics.

Discussion

The results of our meta-analysis demonstrated no benefit
of targeting estimated caloric requirements (80–100 % of
daily energy expenditure) as compared to intentional
hypocaloric enteral nutrition in the acute phase of critical
illness. Furthermore, the studies by Rice et al. [15, 16]
suggest that trophic nutrition combined with limited
protein intake does not adversely affect patient outcomes.
These findings challenge conventional wisdom and cur-
rent Clinical Practice Guidelines [3–5]. It is noteworthy
that intentional hypocaloric nutrition did not increase
hospital mortality and infectious complications nor
decrease VFDs. It has been suggested that hypocaloric
nutrition may impair immune responsiveness and increase
infectious complications. However, limiting nutritional
intake stimulates autophagy which is an important host
defense mechanism against intracellular pathogens [25–
27]. Critical illness is characterized by stress hyper-
glycemia which appears to be an evolutionary preserved
response to provide energy at a time of crises [28].
‘‘Occult overfeeding’’, when exogenous calories are
delivered on top of the non-inhibitable endogenous pro-
duction of glucose by gluconeogenic organs [29], may

result in metabolic dysequilibrium with adverse effects.
Critical illness is associated with the rapid loss of skeletal
and diaphragmatic muscle mass, and this hampers
attempts at weaning patients from mechanical ventilation
and is associated with muscle weakness up to 5 years
post-ICU discharge [30, 31]. Aggressive nutritional sup-
port with increased provision of protein has been
postulated to limit this catabolic response and therefore
preserve muscle mass [32]. The finding that VFDs were
not decreased with hypocaloric feeding suggests that
underfeeding does not accelerate loss of muscle mass.
This finding is further supported by the studies of Need-
ham et al., who followed the patients enrolled in the
EDEN study for up to a year post-hospital discharge [33,
34]. Muscle strength, muscle mass and 6 min walk dis-
tance did not differ between the trophic and full feeding
groups at 6 and 12 months [33]. Furthermore, the age and
sex adjusted physical function domain of the SF-36
instrument at 12 months did not differ between the two
groups [34].

The results of our meta-analysis are consistent with
two additional randomized controlled trials that did not
meet the inclusion criteria for our meta-analysis [35, 36].
These studies tested the hypothesis that a ‘‘volume-
based’’ feeding strategy that enhanced the delivery of
calories and protein would improve patient outcomes.
Heyland et al. performed a prospective, cluster random-
ized controlled trial to determine the effect of the PEP uP
protocol combined with a nursing educational interven-
tion on the outcomes of 1059 critically ill mechanically
ventilated patients in 18 ICUs [35]. Although the pro-
portion of prescribed protein and energy delivered by
enteral nutrition was significantly greater (p = 0.004) in
the intervention ICUs compared to the control ICUs, none
of the outcome measures investigated differed

Fig. 3 Comparison of length of hospital stay (LOS) for patients
receiving standard as compared to hypocaloric feeds grouped by
tropic feeds and underfeeding. Weight is the relative contribution of

each study to the overall treatment effect (weighted mean
difference with 95 % confidence interval)



significantly between the control and intervention ICUs.
Braunschweig et al. randomized 78 patients with acute
lung injury to a volume based or standard nutritional
protocol [36]. The percent of energy needs received per
day averaged 85 % in the volume-based group as com-
pared to 55 % in the control group. The trial was
terminated prematurely by the Data Safety Monitoring
Board due to a significantly higher risk of hospital death
in the volume-based group (40 vs. 16 %, p = 0.02).

The reasons for the lack of benefit of normocaloric
over hypocaloric feeding in ICU patients are not entirely
clear. It is possible that normocaloric enteral nutrition
does not alter the catabolic process or immune response
associated with acute critical illness. Anorexia is an
evolutionary preserved response during acute illness
which may be protective [37, 38]. Nutrient deprivation
promotes autophagy and this may play a key role in
promoting host defences and the immune response to
intracellular pathogens [27, 39]. In all the studies included
in this meta-analysis, patients received continuous rather
than intermittent enteral nutrition. Intermittent enteral
nutrition is more physiologic than continuous feeding and
could possibly explain the lack of benefit of normocaloric
nutrition provided as a continuous infusion [40–43].
Finally, it is possible that the combined trials do not have
the power to rule out the presence of a clinically mean-
ingful effect.

The meta-analysis reported here combines data across
studies in order to estimate treatment effects with more
precision than is possible in a single study [12]. The main
limitation of this meta-analysis is that the patient popu-
lation and feeding protocols were not the same across
studies. It should be recognized that, while all the studies
enrolled ‘‘typical’’ ICU patients and did not exclude

patients based on age or BMI, the mean age of the
patients’ was 55 years and their BMI was 29.1 kg/m2.
Furthermore, the duration of hypocaloric nutrition was
limited to either 7 days, 14 days or the duration of ICU
stay; it is likely that prolonged intentional hypocaloric
nutrition (once the acute critical illness has resolved) is
neither safe nor desirable. It has been suggested that
‘‘trophic feeds and permissive underfeeding cannot be
considered safe or indicated in older, higher risk ICU
patients as it appears to increase mortality and impair
long-term quality of life’’ [44]. There are, however, no
prospective studies that support this contention. Addi-
tional prospective studies targeting this patient population
would be required to resolve this issue. It is important to
emphasize that this meta-analysis compared the provision
of different levels of energy and not protein. It may be
that the quantity, quality and mode of delivery of protein
may be more relevant for outcome than the level of
energy supplied.

Conclusions

This meta-analysis failed to demonstrate an outcomes
benefit from normocaloric as opposed to intentional
hypocaloric nutrition in heterogenous ICU patients during
the acute phase of their illness. The optimal strategy for
providing calories and protein in critically ill patients has
yet to be determined.
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