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The provision of nutrition to critically ill patients is internationally accepted as standard of care in
intensive care units (ICU). Nutrition has the potential to positively impact patient outcomes, is relatively
inexpensive compared to other commonly used treatments, and is increasingly identified as a marker of
quality ICU care. Furthermore, we are beginning to understand its true potential, with positive and
deleterious consequences when it is delivered inappropriately. As with many areas of medicine the
evidence is rapidly changing and often conflicting, making interpretation and application difficult for the
individual clinician. This narrative review aims to provide an overview of the major evidence base on
nutrition therapy in critically ill patients and provide practical suggestions.

© 2014 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Nutrition risk in the ICU: can we measure it?

Malnutrition (referring to both under and overnutrition) in
hospitalised patients is a common and concerning issue that is
associated with poor clinical outcomes [1]. Reports of the preva-
lence of malnutrition in hospitalised patients vary depending on
the geographical region, patient population studied, and the tool
used in assessment [2]. It logically follows that critically ill patients
may be malnourished (or at ‘nutritional risk’) as malnutrition is
associated with disease states that involve acute inflammation
(such as critical illness) [2]. However, the identification of those at
risk or those already malnourished remains poorly defined in this
population due to a lack of validated assessment tools [3]. Over the
decades there have been several attempts to identify and develop
new approaches to assess malnutrition in acute illness, but with no
consensus achieved to date [3]. The common malnutrition
screening tools and anthropometric measures which are available
are inappropriate in critical illness, mostly due to the significant
fluid shifts that occur, preventing accurate assessment of weight
and Intensive Care Research
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and other anthropometry assessments. Secondly, some screening
tools require answers to questions which are impossible to obtain
in patients who are ventilated or sedated and which are often
unknown to relatives. This means that many of these available
screening tools have not been validated or are unable to be vali-
dated in the ICU population. Other well-known body composition
assessment techniques, such as bioelectrical impedance analysis,
are also considered unreliable in critical illness due to altered hy-
dration status [4]. Biochemical markers have long been considered
a potential way to identify and measure nutrition status as it
changes during hospitalisation, but are unreliable in critical illness
due to biochemical variability as a result of the underlying disease.
Such markers might include albumin or other proteins with a
shorter half-life (such as transthyretin); however as these are also
acute phase reactants they are frequently altered in critical illness,
making their interpretation difficult [1,3].

To overcome some of these issues, new tools and concepts are
being tested in the hope of finding an accurate, multifaceted, but
easily applied assessment technique(s) at the bedside. The NUTRIC
score has been developed as a potential scoring tool to identify
nutrition risk in ICU patients [5]. It contains 6 variables which have
been associated with nutrition risk and outcome in previous val-
idity testing [5]. It remains to be determined how this tool performs
on a large scale; however it is a potential step in the right direction
in relation to assessment of nutrition risk in the ICU population [4].
ism. All rights reserved.

mailto:emma.ridley@monash.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clnu.2014.12.008&domain=pdf
www.sciencedirect.com/science/journal/02615614
http://www.elsevier.com/locate/clnu
http://dx.doi.org/10.1016/j.clnu.2014.12.008
http://dx.doi.org/10.1016/j.clnu.2014.12.008
http://dx.doi.org/10.1016/j.clnu.2014.12.008


E. Ridley et al. / Clinical Nutrition 34 (2015) 565e571566
Commonly available practical tools gaining significant interest in
the assessment of body composition for the purpose of nutrition
risk or malnutrition identification are computed tomography, dual
energy x-ray absorptiometry and bedside ultrasound. Ultrasound of
the quadricept muscle, which is quick and readily available, has
recently been shown to be reliable and may assist in identifying
changes in muscle mass during hospitalisation [6]. Evidence for use
and validity is being gathered on the other mentioned options. As
the ‘tailored nutrition approach’ becomes more popular and people
begin to understand that certain groups, like the malnourished or
those at nutritional risk, may benefit from targeted and individu-
alised nutrition, it is becoming even more important that we
develop easy methods and tools which can be used daily at the
bedside to identify these populations.

2. Energy and protein: how do we determine requirements
and how much is the right amount?

2.1. Predictive equations

One of the biggest challenges in administration of nutrition
therapy in critical illness is the prediction of each patient's true
energy needs. This is commonly done using predictive equations
based on age, gender, height, weight and severity of illness. There
are many issues with these equations and their applicability to the
individual patient, with accuracy varying significantly [7]. A com-
mon method is fixed prescription, with the estimate usually set
between 25 and 35 kilocalories (kcal)/kg. However energy utiliza-
tion in critically ill patients can vary between 20 and 35 kcal/kg/day,
and it is unlikely that single predictions are accurate for all phases
of an individual's critical illness [7]. Without measuring, a clinician
does not know where on the spectrum the patient lies, rendering
predictions imprecise [7]. Furthermore, the commonly used equa-
tions are generally not validated in those at higher risk of compli-
cations associated with poorly provided nutrition, such as
malnourished, elderly and obese patients [8,9]. This means that if
predictive estimation methods are used to guide nutrition practice
the potential limitations must be acknowledged and prescriptions
regularly reviewed with available clinical information.

2.2. Measuring energy expenditure in the critically ill

Indirect calorimetry (IC) is a more accurate method of assessing
energy expenditure. To determine energy utilization using IC, a
“metabolic cart” is attached to the patient's ventilator circuit to
measure the utilization of oxygen and production of carbon dioxide
and thereby derive a value for resting energy expenditure [10,11]. If
adequate test stability can be achieved, IC measurements of only
15 min duration can successfully predict energy requirements with
less than a 4% error in critically ill patients [12]. Given the issues
with predictive equations, IC should be considered in ICU to allow
for non-invasive, accurate and real-time determination of the
metabolic response to injury in mechanically ventilated (MV) and
critically ill individuals [11]. Clinical evidence to support this
approach is currently in development. The TICACOS study was the
first randomized controlled trial (RCT) to investigate the role of
tight energy provision using IC versus a fixed prescription estima-
tion method in critically ill patients. In a single centre design, the
intervention group received a higher mean energy (2086 ± 460 vs.
1480 ± 356 kcal/day, p ¼ 0.01) and protein intake (76 ± 16 vs.
53 ± 16 g/day, p ¼ 0.01) [13]. Based on intention to treat analysis,
there was a trend towards reduced hospital mortality (21/65 pa-
tients, 32.3% vs. 31/65 patients, 47.7%, p ¼ 0.058) but length of MV
and ICU stay increased in the intervention group [13]. These find-
ings are currently being tested on a larger multicentre scale. This
technology could eliminate the error associated with predictive
equations and transform current nutrition practises by allowing
precise adjustment of the nutrition regime [10,11,14,15]. However it
must be noted that IC measurement needs to be repeated as the
patient's clinical condition changes or its estimation will also
become inaccurate. If IC is not available, in its absence it is sug-
gested that 20e25 kcal/kg/day should be provided in the anabolic
or initial stages of nutrition therapy, increasing to 25e30 kcal/kg/
day in the recovery phase [16]. It must also be acknowledged that
although we may estimate the amount of energy required, the
desirable amount to actually target is unknown.

2.3. Which energy target?

Just as there is a challenge to know individual patients' energy
needs, there is mixed evidence about the amount of energy to
target in critical illness, causing much debate in the current liter-
ature. Two large retrospective analyses of observational data have
found positive associations with clinical outcomes when energy
provision is increased. The first, including 2772 mechanically
ventilated patients, reported that provision of an additional
1000 kcal/day on top of an average delivery of 1034 kcal and 47 g of
protein was associated with a reduction in 60 day mortality (Odds
Ratio (OR) 0.76; 95% confidence interval (95% CI) 0.61e0.95,
p ¼ 0.014) and an increase in ventilator free days (VFD) (3.5 VFD,
95% CI 1.2e5.9, p ¼ 0.003) [17]. When analysed by weight cate-
gories, these associations with mortality were observed in patients
with a BMI < 25 kg/m2 and >35 kg/m2, with no associated benefit
for patients with a BMI 25e35 kg/m2 [17]. This association may be
explained by the malnutrition that exists in these two extremes of
BMI; further work needs to be conducted to explain these differ-
ences [17]. The second was an analysis performed on 2270 septic
patients who received a mean energy intake of 1057 kcal/day and
49 g of protein [18]. Provision of an additional 1000 kcal per day to
this group was also associated with improved 60-day mortality (OR
0.61; 95% CI 0.48e0.77, p ¼ 0.001) and increased VFDs (2.81 days;
95% CI 0.53e5.08, p ¼ 0.02) [18].

The alternative approach is ‘hypocaloric’ nutrition. On superfi-
cial evaluation the evidence surrounding this approach may appear
contradictory. A recent RCT reported no difference in VFDs or 60-
day mortality in patients with acute respiratory distress syn-
drome who received hypocaloric feeding for the first 6 days of ICU
admission [19]. Of importance, this is a very specific patient group
and hypocaloric feeding was only provided for a short period of
time, the risk being that at some stage hypocaloric feeding will
become starvation. Similarly, a recent post-hoc analysis on 1456
patients who were enrolled in an RCT investigating two levels of
intensity of continuous renal replacement therapy reported no
improved clinical outcome with increased daily energy intake in
patients with acute kidney injury, despite a very low daily median
energy intake of 10.9 ± 9 kcal/kg/day [20].

2.4. What about protein?

Synthesis of the evidence is complicated by the influence of
protein intake in combination with energy intake. As with energy
provision, we do not know the optimum amount of protein to
target to elicit positive patient outcomes. Protein requirements in
critical illness are increased, and even with appropriate provision,
protein catabolism and the resultant negative nitrogen balance will
never be prevented. The normal range of protein requirements for
ICU patients is between 1.2 g/kg/day to 2.0 g/kg/day (2.0 g/kg is
usually provided in significant burn injury, severe TBI and trauma)
[1]. Providing above this amount has not shown any clinical benefit
and does not overcome protein catabolism [1].
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3. Enteral nutrition

Early provision of enteral nutrition (EN) via the gastrointestinal
(GI) tract to critically ill patients has been established as standard
and a marker of quality of care for critically ill patients. In 2009, a
rigorous meta-analysis of RCTs demonstrated that compared to
standard care, providing EN to critically ill patients within 24 h of
admission resulted in a significant reduction in mortality (OR 0.34;
95% CI 0.14e0.85, p ¼ 0.02) and pneumonia (OR ¼ 0.31, 95% CI
0.12e0.78, p ¼ 0.01) [21]. Early EN (within 24e48 h post admission
to ICU) has subsequently been incorporated into most best practice
guidelines for nutrition in ICU [16,22,23]. Provision of EN to criti-
cally ill patients is considered appropriate when the patient has a
functioning GI tract and access via the gastric or jejunal route and/
or the patient is unable or unwilling to meet nutrition needs orally.
EN is contraindicated when there is an absence of intestinal func-
tion, a GI tract obstruction, a high output fistulae and/or the pa-
tient's condition is considered to be terminal [1]. Despite delivery of
EN being common practice, there remains multiple challenges with
its delivery.
3.1. EN delivery: the unachievable goal?

Ensuring EN delivery close to predicted energy requirements is a
complex management problem. There are multiple barriers to
adequate enteral delivery, including delayed placement of feeding
tubes, interruptions for patient transports, poor adherence to or
lack of unit feeding protocols, GI intolerance and fasting. Observa-
tional data on 2946 patients from the international nutrition survey
(INS) reported that the average amount of energy provided via EN
compared to prescribed is only 45.0% of energy and 45.5% of protein
at the site level (site average range for energy provided was 4.1%e
85.4% and for protein 3.5%e93.7%) [24]. Regarding fasting, a recent
retrospective observational study reported that in trauma ICU pa-
tients who had a mean ICU stay of 18.7 days, EN was stopped for
planned procedures for a mean duration of 30.8 h per patient,
resulting in mean 7.2% energy and 7.7% protein deficits from fasting
alone [25].

GI intolerance is common cause of inadequate delivery of EN.
This intolerance is worsened by opiates, catecholamines and bar-
biturates [26]. Metoclopramide and erythromycin are two proki-
netic drugs that can assist in the management of GI intolerance by
improving gastric emptying. One double blind RCT of mixed med-
ical ICU patients and one retrospective analysis of patients with
traumatic brain injury demonstrated that combination prokinetic
therapy is better than single therapy [27,28]. It is important to note
that prokinetics should only be administered when delayed gastric
emptying is observed and should not be prescribed prophylactically
due to rapid development of tachyphylaxis. This effect was
demonstrated in an RCTof 90mixedmedical ICU patients whowere
administered metoclopramide and erythromycin. When adminis-
tered metoclopramide, 67% of patients tolerated EN at 24 h,
reducing to 27% by day 3 and 16% on day 7 [29]. Tachyphylaxis with
erythromycin was similar: 87% of patients tolerated EN at 24 h, 47%
at day 3 and 31% on day 7 [29]. This study also supported the use of
combination prokinetic therapy; in the 67 patients who failed
monotherapy, combination therapy was attempted in 57 for a
median duration of 4.8 days [29]. After 24 h of combination therapy,
EN was successfully achieved in 92% of patients [29]. The prokinetic
doses that have proved to be most effective on gastric emptying are
200 mg of intravenous erythromycin twice daily (in those without
contraindications) and 10 mg of intravenous metoclopramide four
times daily, and preferably delivered in combination [27]. Pro-
longed QT interval is a possible side effect of erythromycin.
To assist adequate delivery of EN, up to date nutrition protocols
detailing the management and associated issues should be imple-
mented. These protocols should incorporate fasting procedures and
advocate for minimizing pre-operative fasting as much as possible
and ensuring that EN is turned back on as soon as possible post
operatively.

3.2. Improving EN delivery: what does the evidence suggest?

Much time and effort has gone into designing strategies that will
overcome the barriers to achieving delivery of EN to meet nutrition
goals, with mixed results. Evidence-based feeding algorithms are
well accepted and improve nutrition outcomes, but clinical out-
comes are varied [30e32]. A cluster RCT demonstrated that patients
who were managed with an evidence-based, protocolised feeding
strategy with rigorous implementation and education procedures
received greater days of EN when compared to standard clinician
directed feeding (6.7 v 5.4 per 10 patient-days; p ¼ 0.042), had a
shorter duration of hospital stay (25 v 35 days; p¼ 0.003) and had a
strong trend towards improved survival (27% v 37% p ¼ 0.058) [32].
A subsequent cluster RCT, published in 2008 and conducted in 27
ICUs in Australia and New Zealand, found that patients in the
intervention centres commenced EN earlier (0.75 vs 1.37 mean
days; mean difference ¼�0.62 (95% CI,�0.82 to�0.36; P ¼ 0.001))
and achieved caloric goals more often (6.10 vs 5.02 mean days per
10 days of nutrition provision; mean difference ¼ 1.07 (95% CI, 0.12
to 2.22; P ¼ 0.03)) but there were no significant differences in
hospital mortality or lengths of stay (LOS) at hospital or ICU be-
tween the two groups [30]. This strategy has been developed
further by designing enhanced feeding protocols coupled with
similar rigorous implementation and nursing education procedures
[31]. In a RCT of 1059 MV critically ill adults from 18 centres with
low baseline performance in nutrition delivery, use of this strategy
compared to standard practice demonstrated improved protein and
energy delivery. There was an improved absolute, adjusted, mean
difference between groups in delivery of energy and protein (en-
ergy: 12% improvement (95% CI 5e20%; p¼ 0.004) and protein: 14%
improvement (95%CI 5e23%; p ¼ 0.005)) [33]. This study was not
designed to determine the effect of this strategy on clinical out-
comes such as LOS and mortality.

Another strategy is to deliver nutrients post-pylorically. Post-
pyloric feeding also has the potential to reduce nosocomial infec-
tion by reducing gastric secretions and preventing aspiration. The
largest RCT to date on this topic investigated if post-pyloric feeding
reduced rates of VAP and improved nutrition delivery compared to
gastric feeding; they found no difference in either outcome [34].
Despite this finding, best practice recommendations still state that
post-pyloric feeding should be attempted before parenteral nutri-
tion (PN) in the setting of EN intolerance; however it is unclear
what is happening in practice [16,22]. It also remains to be deter-
mined if using enhanced nutrition delivery and education strate-
gies would improve clinical and functional outcomes in the broader
ICU community, including ICUs that already achieve good provision
of nutrition.

3.3. Monitoring enteral nutrition: gastric residual volumes e useful
or useless?

The degree of GI dysmotility in critical illness can be monitored
by measurement of gastric residual volumes (GRV); however the
utility of this method has been called into question by the results of
recent research. In 2010 an unblinded RCT was conducted in
329 MV patients from 28 ICUs to determine if increasing the GRV
limit to 500 ml (from the standard of 200 ml) improved delivery of
EN and resulted in any differences to clinical outcomes. They
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reported slightly higher rates of EN delivery in the intervention
group (84% vs 88%, p¼ 0.0002) and higher rates of GI complications
in the control group (63% vs 47%, p ¼ 0.004); however when ana-
lysed more closely, the difference in complications was accounted
for by an increased frequency of elevated GRVs (42% vs 26%,
P ¼ 0.003). There was no difference in other important clinical
outcomes such as rates of VAP, duration of MV, or ICU LOS. Another
multi-centre, open-label RCT found similar results: 452 adults who
wereMV for more than 2 days and received ENwere randomised to
receive no monitoring of GRV, and compared to a standard care
group who had a GRV cut-off of 250 ml, measured 6 hourly [35].
There was no difference in rates of VAP between the two groups
(16.7% in the study group vs 15.8% (difference 0.90; 90% CI, �4.8%e
6.7%)). Importantly, the proportion of patients receiving 100% of
their energy goal was higher in the intervention group (OR 1.77;
90% CI 1.25e2.51; P ¼ 0.008) [35]. There were no differences in
other important clinical outcomes and the authors concluded that
not monitoring GRVs was not inferior to routine measuring. It is
important to note that this study excluded patients who
had abdominal surgery or GIT conditions, as well as those at risk of
VAP and those who were not tolerating EN prior to screening. It
must be considered that ceasing measurement of GRV may be
appropriate in some populations but not in others. These findings
do challenge the common belief that GRV is a reliable and useful
clinical tool and support a lack of correlation between GRV and
rates of gastric emptying and abdominal distension [36,37].
Furthermore, the measurement is very dependent on the clinician,
patient position, feeding tube and syringe diameter [36,37]. As a
result of these recent studies, many institutions now use a GRV cut-
off of between 300 and 500 ml 4e6 hourly as a guide for EN
tolerance.
4. The alternative to EN: parenteral nutrition

When EN cannot be provided it is common to provide
parenteral nutrition (PN). Early data suggested that PN was
associated with increased infectious complications and mortality
in ICU patients; however more recent and emerging evidence
from large clinical trials, which reflect modern day ICU care and
use modern day PN solutions, have not confirmed those initial
findings [38e42]. Despite this, best practice guidelines still differ
in their recommendations for the commencement of PN in
critically ill patients (ranging from 24 h to 7 days after admission
to ICU) [22,23,43]. This is largely due to the quality of evidence
informing these guidelines. Many studies on this topic were
conducted in the 1980s when the consequences of overfeeding
with PN, namely impaired immunity, increased CO2 production
and organ dysfunction, were not understood. Additionally, sig-
nificant gains have been made regarding the quality of the lipid
emulsions in modern day PN solutions, to ensure they are as safe
and as well tolerated as possible. Furthermore, routine infection
control, line care and blood glucose management were very
different to contemporary practice. Although the evidence and
best practice guidelines remain conflicting, it appears sensible to
consider PN when EN cannot be delivered at all in patients who
are:

� Malnourished (regardless of duration). PN should be
commenced as early as possible if EN is contraindicated [1].

� In surgical patients who have impaired GI function (pre- or post-
op) which would prevent oral or EN being commenced within
5e7 days [1].

� In critically ill patients whom EN or oral nutrition is contra-
indicated or not expected to commence within 3 days [43].
The use of PN in combination with EN is a relatively new
concept and has been the focus of recent RCTs. A large, multicenter
RCT was published in 2011 comparing early and late initiation of
PN in 4640 patients who received EN [44]. PN commencement
delayed until 8 days after ICU admission in those who remained in
ICU resulted in fewer infections, less time on MV, an increased
likelihood of patients being discharged from the ICU alive and a
shorter median ICU and hospital LOS when compared to PN
commenced within 48 h of ICU admission [44]. There are several
concerns regarding the generalizability of this study. In particular,
60% of the study population were cardiac surgical patients who
generally do not require PN; the study did not define a population
in which EN delivery was likely or was currently inadequate; and
intensive insulin therapy was provided in both groups (with a
blood glucose aim of 4.4e6.1 mmol/l), which has been shown to
increase patient mortality [45]. In addition the study used intra-
venous dextrose (20% or 5%) as a maintenance fluid for up to 8
days, which is not routine practice in many ICUs. Finally, the
amount of energy provided (between 24 and 36 kcal/day per kg of
ideal body weight depending on gender) may have been excessive
given the relatively healthy study population. It is plausible that
the results of this study are explained by overnutrition in the early
PN group, causing these patients to have a longer duration of stay
and poorer outcomes.

Seemingly contradictory results were found in a subsequent,
smaller RCT from 2 sites in Switzerland that randomized 305
patients to standard care (EN only) or EN with supplemental PN
(SPN) [46]. This trial only enrolled patients identified as likely to
benefit most from achieving targeted energy needs, and the
nutrition strategies were ‘goal-directed’ and individualized,
meaning requirements were set on day 4 with IC. The SPN group
received more energy than the EN group (103%, standard devia-
tion (SD) ± 18%) vs 77% (SD ± 27%), had reduced nosocomial in-
fections between days 9e28 (27% vs 38%, Hazard Ratio (HR) 0.65,
95% CI 0.43e0.97; p ¼ 0.0338) and a reduced mean number of
nosocomial infections per patient (HR �0$42, 95% CI �0$79
to �0$05; p ¼ 0$0248) [46]. In our opinion (and as recommended
by the European Society of Parenteral and Enteral Nutrition
Guidelines on Parenteral Nutrition in Intensive Care), supple-
mental PN should be considered when EN is insufficient for more
than 2 days to prevent energy and protein deficiency in critically
ill patients [43].

5. Specific amino acids and micronutrients in critical illness

In addition to provision of energy and protein, considerable
attention has been given to the potential benefits of supplemen-
tation of specific nutrients, of which glutamine has been the most
controversial. Glutamine is an essential amino acid and is involved
in many metabolic processes. Based on previous observational
research that found associations between glutamine and re-
ductions in morbidity, mortality, infectious complications, and
improved glycaemic control, two of the three major best practice
guidelines for management of nutrition in the critically ill currently
recommend the use of glutamine-supplemented PN (to provide
0.2e0.4 g/kg/day of L-glutamine or 0.3e0.6 g/kg/day of ananyl-
glutamine dipeptide) [23,43]. This now has to be carefully inter-
preted and considered in the face of more recent research. In 2013
the large and methodologically robust REDOX RCT investigated the
role of glutamine supplementation and a range of micronutrients
with 28 day mortality and other clinical outcomes in a 2-by-2
factorial design [47]. The trial showed an increase in mortality with
high doses of glutamine provided enterally and parenterally in
patients withmore than two organ system failures [47]. This has led
to the authors cautioning against the use of glutamine-



Table 1
Summary of commonly used nutrition practice guidelines for use in critical care.

Guideline Features Comment

Canadian clinical practice guidelines [16]. First published in 2003.
Updated every 12e18 months
Only use RCTs to derive recommendations.
Develops recommendations from the RCTs based
on consensus opinion from topic experts with
standardised procedures.

The development method leads to high grade recommendations.
Non-randomised studies are excluded from recommendations,
potentially limiting pragmatic advice to aid clinical practice.

European Society of Parenteral and Enteral
Nutrition (ESPEN) guidelines [10].

Various clinical topic guidelines available.
Enteral ICU guidelines developed in 2006.
Parenteral guidelines developed in 2009.
Use observational and RCTs to derive guidelines.
Develops recommendations based on consensus
opinion from topic experts.

Guidelines are more encompassing and provide real advice
to clinicians accounting for small but clinically useful research.

Society of Critical Care Medicine and the
American Society of Parenteral and
Enteral Nutrition (ASPEN) [44].

Developed in 2009.
RCTs used to derive recommendations using
a grade of evidence system.

These recommendations are controversial as they conflict in some
areas with the European and Canadian guidelines
Methods in which they were formulated have been questioned
and may not be as objective as the available alternatives.
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supplemented PN in patients with multi-organ failure [47]. Whilst
the results of this trial are important to the intensive care com-
munity, the interpretation is complicated by several factors: the
patients were not glutamine deficient (as was demonstrated in
smaller pilot work conducted by the same investigators prior to the
definitive trial) [24], the amount of glutamine delivered to the
patients was significantly higher than that provided in currently
available commercial PN solutions, and the study patients were
generally under-fed, receiving only a mean (SD) of 909 (±554)
energy and 44 (±28.5) g of protein. This was 49.9% (±29%) and
45.4% (±28%) of their overall energy and protein goals, respectively,
meaning that the patients received minimal balanced nutrition and
a large load of protein (in the form of glutamine). This cannot be
considered a physiological way to provide nutrition. These con-
siderations make the interpretation of the results and the role for
glutamine in critically ill patients confusing to the clinician,
particularly as there is some evidence that still demonstrates
benefit in trauma, burns and other ICU patients without multi-
organ failure [48].

In the same RCT, the authors also tested a combination of
antioxidant micronutrients. The patients were randomized (in
addition to glutamine or placebo) to receive combined high dose
selenium (500 mg intravenously and 300 mg enterally) and via the
enteral route only, zinc (20 mg), beta carotene (10 mg), Vitamin E
(500 mg) and Vitamin C (1500 mg), versus placebo (also received
both enterally and parenterally). The authors found no difference
in mortality between the antioxidant and placebo groups, with
mortality in the antioxidant group of 30.8% vs 28.8% in the group
who did not receive antioxidants (adjusted OR, 1.09; 95% CI, 0.86
to 1.40; p ¼ 0.48) [47]. Regardless of this finding, the recently
updated Canadian Clinical Practice Guidelines (which includes the
REDOX results) still recommend that supplemental antioxidant
micronutrients be considered in critically ill adults; however they
do acknowledge that the optimal composition and dose is not
established [49]. Their meta-analysed results included 7 level 1
studies and 17 level 2 studies and suggested a potential mortality
benefit (regardless of delivery route) of OR 0.86 (95%CI 0.75e0.99,
p ¼ 0.03). It must be noted that there are specific sub-populations
where supplementary micronutrients certainly have a role and
their benefit has been proven, such as the burns population [50].
This again supports the potential role that individualized nutri-
tion may have in the critically ill population and may explain why
research on heterogeneous populations has failed to provide a
definitive answer to date.
6. Guidelines to assist management of nutrition in ICU

There are three widely disseminated guidelines that assist cli-
nicians to manage nutrition in ICU, summarised in Table 1
[16,23,51]. Whilst these guidelines are imperative to the effective
delivery of nutrition therapy, they must be considered within a
clinician's individual ICU. In deciding which practice guideline to
use, clinicians may choose to take elements from several to address
their population needs.
7. The future of nutrition for the critically ill

It has become standard practice to provide nutrition to criti-
cally ill patients although it is unclear how much nutrition pa-
tients actually need to achieve optimum clinical and functional
outcomes. Regardless, in the absence of definitive trials, current
practice should be to make use of the evidence we do have and
optimise the provision of nutrition as much as possible. Esti-
mation of nutrition needs remains difficult and prolonged pe-
riods of hypocaloric nutrition should be cautioned until definitive
answers are achieved. In our view, clinicians should pay partic-
ular attention to the metabolic stages of illness and regularly
assess and re-estimate requirements whilst minimising the risk
of overfeeding as much as possible. Where available and well
understood, indirect calorimetry may be a useful technological
aid. Clinicians should remain proactive in promoting delivery of
EN to consensus targets by limiting fasting, interruptions and
intolerance. The use of PN as an alternative or supplement to EN
is becoming more accepted, whilst the use of glutamine remains
controversial.

Large-scale research on nutrition for the critically ill is now
starting to focus on the impact of nutrition on a patient's whole
hospital journey, from ICU to the ward, and their post-hospital
outcomes, including quality of life [44,52e54]. Further work
should also focus on determiningwhowill benefit most fromwhich
delivery mechanism, and at what point to intervene. This may
require a tailored, individualised approach to nutrition rather than
one-size-fits-all.
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