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Abstract Purpose: To determine
whether the provision of early stan-
dard enteral nutrition (EN) confers
treatment benefits to critically ill
patients. Methods: Medline and
EMBASE were searched. Hand cita-
tion review of retrieved guidelines
and systematic reviews were under-
taken, and academic and industry
experts were contacted.Methodologi-
cally sound randomised controlled
trials (RCTs) conducted in critically
ill patient populations that compared
the delivery of standard EN, provided
within 24 h of intensive care unit
(ICU) admission or injury, to standard
care were included.The primary
analysis was conducted on clinically
meaningful patient-oriented out-
comes. Secondary analyses
considered vomiting/regurgitation,
pneumonia, bacteraemia, sepsis and
multiple organ dysfunction syndrome.
Meta-analyses were conducted using
the odds ratio (OR) metric and a fixed
effects model. The impact of hetero-
geneity was assessed using the I2

metric. Results: Six RCTs with 234
participants were analysed. The

provision of early EN was associated
with a significant reduction in mor-
tality [OR = 0.34, 95% confidence
interval (CI) 0.14–0.85] and pneu-
monia (OR = 0.31, 95% CI 0.12–
0.78). There were no other significant
differences in outcomes. A sensitivity
analysis and a simulation exercise
confirmed the presence of a mortality
reduction. Conclusion: Although
the detection of a statistically signif-
icant reduction in mortality is
promising, overall trial quality was
low, trial size was small, and the
findings may be restricted to the
patient groups enrolled into included
trials. The results of this meta-analy-
sis should be confirmed by the
conduct of a large multi-centre trial
enrolling diverse critically ill patient
groups.
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Introduction

Despite the plethora of published guidelines recom-
mending the provision of enteral nutrition (EN) within
24–48 h of intensive care unit (ICU) admission [1–4],
observational studies reveal up to 40% of critically
ill patients receive no nutritional support during their

ICU stay [5]. Furthermore, 60% of patients who stay
in the ICU at least 3 days remain unfed for 48 h or
longer [4]. It is possible that current guideline recom-
mendations for the provision of early EN in critical
illness are not consistently translated into practice
because they are not supported by sufficiently convincing
evidence.

Intensive Care Med (2009) 35:2018–2027
DOI 10.1007/s00134-009-1664-4 SYSTEMATIC REVIEW



Previously published systematic reviews demonstrate
the provision of early EN may have clinically important
benefits in non-critically ill patient populations. In
patients undergoing elective intestinal surgery, who were
not critically ill, early EN resulted in a statistically
significant reduction in mortality [relative risk (RR)
0.41, 95% confidence interval (CI) 0.18–0.93, P = 0.03,
I2 = 0.0%) [6]. Likewise, in non-critically ill patients
hospitalised for an acute medical condition, early EN
resulted in a statistically significant reduction in overall
infectious complications (RR 0.45, 95% CI 0.3–0.66,
P = 0.00006, heterogeneity P = 0.049) [7]. The only
systematic review to focus on critically ill patients, pub-
lished in 2003, failed to find any statistically significant
benefits attributable to the provision of early EN [3].

The purpose of this project was to identify and syn-
thesise the current evidence from methodologically sound
randomised controlled trials (RCTs) conducted in criti-
cally ill patients and determine whether the provision of
early standard EN confers a treatment benefit, on average,
in the identified studies.

Materials and methods

Literature search

Medline (http://www.PubMed.org) and EMBASE (http:
//www.EMBASE.com) were searched using appropriately
broad Medical Subject Heading and EMTREE terms for
nutritional support and critical illness, crossed with
phrases optimised to detect RCTs [8, 9].

Academic and industry experts were contacted, and
reference lists of identified systematic reviews and evi-
dence-based guidelines were hand searched. The search
was not restricted by language. Complete details of the
search process are available upon request. The search
close out date was 1 October 2008.

Study selection

All controlled trials comparing primary feeding inter-
ventions published in any language were identified
[10, 11]. Study selection was undertaken independently
by at least three authors.

Early EN was defined as the provision of a standard
EN formula via any feeding tube route within 24 h of
initial injury or ICU admission [1, 2, 4]. A standard EN
formula was considered to be any formula not supple-
mented with additional glutamine, arginine or other
immune-enhancing ingredients. Appropriate comparison
groups were accepted to include all forms of standard
care, including standard EN provided later than 24 h after
injury or ICU admission.

Trials reporting clinically meaningful patient-oriented
outcomes [12] conducted in critically ill populations [13]
were considered for inclusion. Only methodologically
sound RCTs, which were free from major methodolog-
ical flaws, were eligible (http://clinicalevidence.bmj.
com/ceweb/about/appraisal.jsp, visited 6 March 2009).
Major methodological flaws were defined a priori as
pseudo-randomisation (clear failure to maintain allocation
concealment) and excessive ([10%) loss to follow-up
[14].

Publications based on subgroups of patients from
larger published trials were not eligible for inclusion if the
larger trial’s patient population was already deemed
eligible.

Validity appraisal

All included trials were appraised on the reporting of
three key methodological criteria: (1) the maintenance
of allocation concealment, (2) the use of any form of
blinding and (3) the completeness of patient follow-up
[15]. Validity appraisal was undertaken independently by
at least three authors.

Outcomes

All clinically meaningful patient-oriented outcomes
(mortality, quality of life and physical function) [12] were
considered in the primary analysis. In addition, vomiting/
regurgitation, pneumonia, bacteraemia, sepsis and multi-
ple organ dysfunction syndrome (MODS) were eligible
for evaluation in the secondary analysis.

All phases of study selection, validity appraisal and
data abstraction were undertaken by at least three
reviewers. At each phase, majority decisions prevailed.

Statistical analysis

Analysis was conducted using a fixed effects model [16]
with the odds ratio (OR) metric [17]. The underlying
assumption behind the fixed effects model, that the true
treatment effect of magnitude h does not vary between
studies, was assessed with a formal chi-square test of
study 9 treatment effect homogeneity [16] and was
quantified using the I2 metric [18]. In the presence of
important heterogeneity (heterogeneity P \ 0.10), or if the
I2 metric exceeded 50% [19], the following a priori iden-
tified potential sources of heterogeneity were to be
investigated via stratified analysis: (1) study quality, (2)
disease groupings, (3) intervention timing and dose, (4)
co-interventions and comparison intervention received and
(5) outcome measurement and timing [20]. If the source of
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heterogeneity could not be identified, meta-analysis would
not be undertaken, and results from contributing trials
would be presented individually.

Analysis was conducted using RevMan Version 4.2
for Windows (The Cochrane Collaboration�, Oxford,
England, 2003). A two-tailed P less than 0.05 was
accepted to indicate statistical significance, while a two-
tailed P greater than 0.05 but less than 0.10 was accepted
to indicate a trend towards significance.

Sensitivity analysis

To assess the robustness of the underlying assumptions, a
sensitivity analysis was conducted including all studies
that were identified to be on-topic but were judged to be
methodologically ‘unsound’.

Results

Literature search

The primary literature search identified 4,800 unique
abstracts. Review of abstracts (EAS, FS and GSD), ref-
erence lists of published guidelines and systematic
reviews (PH, FS and GSD) and contact with academic
and industry experts resulted in the retrieval of 675 papers
for detailed eligibility review.

Study selection

The results of the detailed eligibility review of the 675
papers (EAS, PH, FS, AD and GSD) are presented in
Fig. 1. Thirty clinical trials appeared to address ques-
tions regarding the timing of the delivery of EN.
Twenty-four were excluded from further consideration
for the following reasons: Seven trials did not com-
mence early EN within 24 h of injury or ICU admission
[21–27]; five trials were not conducted in critically ill
patient populations [28–32]; four trials failed to report
any clinically meaningful patient-oriented outcomes
[33–36]; two trials evaluated the impact of early post-
operative oral intake, not early EN [37, 38]; two trials
commenced EN at the same time in both groups
[39, 40]; one trial evaluated the impact of early immuno-
enhanced EN [41]; one trial was based on a subgroup of
patients published in a larger trial [42]; two trials were
otherwise eligible but were excluded from the primary
analysis due to excessive ([10%) loss to follow-up
[43, 44].

Six methodologically sound RCTs qualified for
inclusion in the primary analysis.

Included trial characteristics

The six included trials randomised a total of 234 patients,
with a median of 37 patients and a range from 20 to 60
patients. The trials were conducted in: (1) ventilated
medical and surgical ICU patients [45], (2) burn patients
[46], (3) patients with severe pancreatitis and/or perito-
nitis [47] and (4) trauma patients [48–50]. Complete
details of included trials are presented in Table 1.

Validity appraisal

Because none of the six included trials reported suffi-
cient detail on the method of randomisation, it was
unclear whether allocation concealment was maintained.
None reported the use of any form of blinding. All six
reported complete follow-up on clinically meaningful
patient-oriented outcomes for all patients enrolled and
randomised.

Potentially relevant papers 
identified and retrieved

(N = 675)

Potentially relevant papers 
identified and retrieved

(N = 675)

Papers excluded, with reasons 
(N = 170)

Not RCTs (Letters, observational studies, 
systematic reviews, narrative reviews, 
previous meta-analyses)

Papers excluded, with reasons 
(N = 170)

Not RCTs (Letters, observational studies, 
systematic reviews, narrative reviews, 
previous meta-analyses)

RCTs identified for detailed 
evaluation
(N = 505)

RCTs identified for detailed 
evaluation
(N = 505)

RCTs evaluating timing of EN
(N = 30)

RCTs evaluating timing of EN
(N = 30)

Included RCTs
(N = 6)

Included RCTs
(N = 6)

RCTs excluded, with reasons
(N = 475 )

329 Did not provide a primary 
comparison of timing of EN (includes 5 
pseudo-randomised trials + 99 trials not 
reporting clinically meaningful 
outcomes)
72 Not adult critically ill population
46 Not primary nutritional support   
intervention
16 Cross-over trials
13 Pre-operative interventions

RCTs excluded, with reasons
(N = 475 )

328 Did not provide a primary 
comparison of timing of EN (includes 5 
pseudo-randomised trials + 99 trials not 
reporting clinically meaningful 
outcomes)
72 Not adult critically ill population
46 Not primary nutritional support   
intervention
16 Cross-over trials
13 Pre-operative interventions

Excluded RCTs
(N = 24)

7 - Early EN not started within 24 h of injury 
or ICU admission
4 - Patient oriented outcomes not reported 
5 - Not critically ill patient population
2 - Early post-op oral intake, not early EN
2 - EN commenced at same time in both 
groups
1 - Immuno-enhanced EN (Impact) 
2 - Excessive loss to follow-up
1 - Subgroup from a larger trial 

Excluded RCTs
(N = 24)

7 - Early EN not started within 24 h of injury 
or ICU admission
4 - Patient oriented outcomes not reported 
5 - Not critically ill patient population
2 - Early post-op oral intake, not early EN
2 - EN commenced at same time in both 
groups
1 - Immuno-enhanced EN (Impact) 
2 - Excessive loss to follow-up
1 - Subgroup from a larger trial 

Fig. 1 Flow diagram of the study selection process. N number,
RCT randomised controlled trial, EN enteral nutrition, ICU
intensive care unit
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Clinically meaningful patient oriented outcomes

All included trials reported mortality; however, none
reported quality of life, and none reported direct measures
of physical function.

Hospital discharge mortality was reported in three
trials [45, 47, 48]. One trial reported mortality over a
28-day follow-up period [46], and two trials reported ICU
discharge mortality [49, 50].

As shown in Fig. 2, meta-analysis of RCTs revealed a
statistically significant reduction in mortality in favour of
early standard EN (OR = 0.34, P = 0.02) with no evi-
dence of heterogeneity.

Complications and major ICU infections

Vomiting/aspiration

One trial reported the incidence of vomiting [46]; how-
ever, no trials reported the incidence of aspiration. There
was no significant difference in vomiting rates between

burn patients who received early standard EN compared
to EN commenced at 48 h post injury (0/10 early EN
patients vs. 1/10 delayed EN, Fisher’s exact P = 1.00).

Pneumonia

Two trials reported the incidence of pneumonia [45, 49].
Pooling of results (Fig. 3) demonstrated a statistically
significant reduction in pneumonia attributable to the
provision of early standard EN (OR = 0.31, P = 0.01),
with no evidence of heterogeneity.

Bacteraemia

One trial reported the incidence of positive blood cultures
[46]. There was no significant difference in positive blood
culture rates between burn patients who received early EN
compared to EN commenced at 48 h post injury (3/10
early EN patients vs. 7/10 delayed EN, Fisher’s exact
P = 0.18).

Table 1 Characteristics of included studies

Study Patient population Early EN intervention Control intervention

Chiarelli
et al.
(1990)

Thermal injury (25 to
60% TBSA). No
inhalational injury

Mean survival
probability
0.73 ± 0.10

Immediately after admission: 50 ml/h ‘homemade’
EN (1,900 kcal/l and 79 g protein/l) via NGT
increasing over 3–4 days. Goals set with Curreri
formula. Rate did not exceed 150 ml/h

Same protocol as early EN, except EN
begun 48 h after admission

Chuntrasakul
et al.
(1996)

Trauma (ISS [20
and \40)

Mean ISS 29 ± 1.5

Immediately after resuscitation or surgery: 30 ml/h
�-strength EN (Traumacal

TM

) via NGT,
concentration increased over time. Goals estimated
using modified Harris-Benedict equation. TPN was
added if goals were not met

5% dextrose in normal saline for
maintenance. Oral intake commenced
upon return of bowel sounds

Kompan et al.
(1999)

Trauma (ISS [25)
Mean ISS 33.6 ± 10
Mean APACHE II

11.5 ± 5.8

Immediately after resuscitation: EN (Jevity
TM

) started
at 20 ml/h via NGT. Increased to 50% of estimated
goal on day 1, 75% of estimated goal on day 2 and
100% of goal on day 3. Estimated goal was set at
25–35 nonprotein kcal/kg per day and 0.2–0.3 g
nitrogen/kg per day at 72 h post ICU admission.
TPN was added to meet estimated requirements

Same protocol as early EN except EN
begun 24 h after admission

NOTE: 50% of goal received via TPN
for first 24 h before EN was begun

Pupelis et al.
(2001)

Severe pancreatitis and
peritonitis

Mean APACHE II
11.5 ± 5.4

Within 12 h of surgery: EN (Nutrison Standard
TM

or
Nutrison Pepti

TM

) via NJT started at 20–25 ml/h.
Increase based in individual tolerance to 1 l per day
by day 3 post-op. Patients also received an average
of 500 kcal/day from IV dextrose

IV fluids until reintroduction of normal
diet. Patients also received an average
of 500 kcal/day from IV dextrose

Kompan et al.
(2004)

Trauma (ISS [20)
Mean APACHE II

11.3 ± 4.8

Immediately after resuscitation: Same protocol as
Kompan (1999) except goal set at an average of 25
nonprotein kcal/kg

Same protocol as early EN except EN
begun 24 h after admission

NOTE: 50% of goal received
via TPN for first 24 h before
EN was begun

Nguyen et al.
(2008)

Mechanically
ventilated ICU
patients

APACHE II
22.4 ± 1.2

Within 24 h of admission: EN via NGT at 40 ml/h and
increased by 20 ml/h q6h to goal, if tolerated
(aspirates \250 ml). Goal was determined by a
dietitian, based on patient’s BMI

Same protocol as early EN except no
caloric intake until day 4 of ICU
admission

EN enteral nutrition, TPN total parenteral nutrition, ICU intensive care unit, TBSA total body surface area, ISS injury severity score, NGT
naso-gastric tube, NJT naso-jejunal tube, NPO nil per os (no oral intake), BMI body mass index, APACHE acute physiology and chronic
health evaluation
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Sepsis

No trials reported the incidence of sepsis as an outcome.

Multiple organ dysfunction syndrome

Two trials reported the incidence of MODS [47, 48], with
one also reporting the severity of MODS (number of
failed organs per patient) [48]. Pooling of results (Fig. 4)
failed to demonstrate any differences between groups
with regards to the incidence of MODS (OR = 0.94,
P = 0.78, no evidence of heterogeneity). The single trial
reporting severity of MODS demonstrated a trend towards
fewer failed organ systems in patients receiving early EN
(2.5 ± 0.7 vs. 3.1 ± 0.8 organ failures per patient,
P = 0.057).

Sensitivity analysis

Two clinical trials met all eligibility criteria but were
excluded from the primary analysis because of major

methodological flaws. One trial failed to report outcomes
on 16.0% (12/75) of enrolled patients [43], and the other
failed to report outcomes on 15.6% (5/32) of enrolled
patients [44]. Loss to follow-up was not reported by study
arm in either trial.

Sensitivity analysis including these two additional
trials provided evidence of a significant reduction in
mortality attributable to early EN (OR = 0.40, P = 0.02,
no evidence of heterogeneity, Fig. 5).

Discussion

We conducted an extensive literature search to detect
RCTs evaluating the effectiveness of early standard EN in
critically ill patients. We used an objective and repeatable
definition of a critically ill patient population, and our
primary conclusions were based on trials free from major
methodological flaws.

Six clinical trials conducted in medical and surgical
critically ill patients fulfilled our selection criteria. Meta-
analysis of these trials revealed a statistically significant

Review: Early EN (<24h) vs Control (Primary Analysis)
Comparison: 01 early EN vs Control                                                                                        
Outcome: 01 Mortality, Intention to treat analysis                                                                     

Study  early EN (<24 h)  Control  OR (fixed)  Weight  OR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

 Chiarelli 1990             0/10               0/10                Not estimable         

 Kompan 1999                0/17               2/19         13.40      0.20 [0.01, 4.47]        

 Kompan 2004                0/27               1/25          8.89      0.30 [0.01, 7.63]        

 Nguyen 2008                6/14               6/14         19.95      1.00 [0.22, 4.47]        

 Chuntrasakul 1996          1/21               3/17         18.38      0.23 [0.02, 2.48]        

 Pupelis 2001               1/30               7/30         39.38      0.11 [0.01, 0.99]        

Total (95% CI) 119                115 100.00      0.34 [0.14, 0.85]

Total events: 8 (early EN (<24 h)), 19 (Control)
Test for heterogeneity: Chi² = 3.20, df = 4 (P = 0.52), I² = 0%
Test for overall effect: Z = 2.31 (P = 0.02)

 0.1  0.2  0.5  1  2  5  10

 Favours EN  Favours Control

Fig. 2 Primary analysis: mortality. EN enteral nutrition, OR odds ratio

Review: Early EN (<24h) vs Control (Primary Analysis)
Comparison: 01 early EN vs Control                                                                                        
Outcome: 02 Pneumonia, Intention to treat analysis                                                                     

Study  early EN (<24 h)  Control  OR (fixed)  Weight  OR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

 Kompan 2004                9/27              16/25         70.15      0.28 [0.09, 0.88]        

 Nguyen 2008                3/14               6/14         29.85      0.36 [0.07, 1.91]        

Total (95% CI) 41                 39 100.00      0.31 [0.12, 0.78]

Total events: 12 (early EN (<24 h)), 22 (Control)
Test for heterogeneity: Chi² = 0.06, df = 1 (P = 0.80), I² = 0%
Test for overall effect: Z = 2.47 (P = 0.01)

 0.01  0.1  1  10  100

 Favours treatment  Favours control

Fig. 3 Secondary analysis: pneumonia. EN enteral nutrition, OR odds ratio
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reduction in mortality and pneumonia attributable to the
provision of standard EN within 24 h of injury or ICU
admission. Although this meta-analysis is the first to
demonstrate a statistically significant mortality benefit to
critically ill patients, previous meta-analyses conducted in
non-critically ill patient populations have documented
statistically significant reductions in mortality [6] and
infectious complications [7] attributable to the provision
of early EN.

EN, bacterial translocation, multiple organ
dysfunction syndrome and mortality

The progressive failure of multiple organ systems is a
leading cause of morbidity and mortality in critical illness
[51, 52]. It has been proposed that the gut may be the
‘motor’ that drives the progression of multiple organ
dysfunction syndrome (MODS) in critical illness [53].

The gut is an intricate ecosystem that is composed of
at least three main components: the epithelium, the
mucosal immune system and the commensal flora [54]. In

the early stages of critical illness, all three components
undergo change. Gut immune function is compromised
through mucosal atrophy, increased intestinal permeabil-
ity, and a reduction in gut associated lymphoid tissue and
IgA secretion [55, 56]. The gut flora also changes in
critically ill patients, with a decrease in anaerobic bacte-
ria, an increase in pathogenic bacteria with antibiotic
selection pressures towards resistant strains [54]. Com-
plex interactions arising from these changes lead to the
translocation of pathogenic bacteria from the gut, stimu-
lating systemic cytokine release, and resulting in an
increase in infectious complications. It is hypothesised
that the resultant cytokine storm drives the critically ill
patient towards uncontrollable MODS, thus increasing the
risk of mortality [53, 54]. Ample evidence highlights the
role EN may play in ameliorating the changes [55, 56].
Recent research sheds light on a novel mechanistic
pathway.

Intestinal alkaline phosphatase (iAP) is a brush–border
protein expressed exclusively in villus-associated
enterocytes and is known to actively detoxify bacte-
rial lipopolysaccharide (LPS) and reduce bacterial

Review: Early EN (<24h) vs Control (Primary Analysis)
Comparison: 01 early EN vs Control                                                                                        
Outcome: 03 Incidence of MODS, Intention to treat analysis                                                             

Study  Treatment  Control  OR (fixed)  Weight  OR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

 Kompan 1999               12/17              13/19         34.03      1.11 [0.27, 4.60]        

 Pupelis 2001              20/30              21/30         65.97      0.86 [0.29, 2.55]        

Total (95% CI) 47                 49 100.00      0.94 [0.40, 2.23]

Total events: 32 (Treatment), 34 (Control)
Test for heterogeneity: Chi² = 0.08, df = 1 (P = 0.78), I² = 0%
Test for overall effect: Z = 0.13 (P = 0.89)

 0.01  0.1  1  10  100

 Favours treatment  Favours control

Fig. 4 Secondary analysis: multiple organ dysfunction syndrome. EN enteral nutrition, MODS multiple organ dysfunction syndrome,
OR odds ratio

Review: Early EN (<24h) vs Control (Sensitivity Analysis)
Comparison: 01 early EN vs Control                                                                                        
Outcome: 01 Mortality, Sensitivity Analysis                                                                            

Study  early EN (<24 h)  Control  OR (fixed)  Weight  OR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

 Chiarelli 1990             0/10               0/10                Not estimable         

 Kompan 1999                0/17               2/19         10.07      0.20 [0.01, 4.47]        

 Kompan 2004                0/27               1/25          6.68      0.30 [0.01, 7.63]        

 Moore 1986 (16%ltf)        1/32               2/31          8.61      0.47 [0.04, 5.44]        

 Nguyen 2008                6/14               6/14         15.00      1.00 [0.22, 4.47]        

 Peck 2004 (16% ltf)        4/14               5/13         16.20      0.64 [0.13, 3.20]        

 Chuntrasakul 1996          1/21               3/17         13.82      0.23 [0.02, 2.48]        

 Pupelis 2001               1/30               7/30         29.61      0.11 [0.01, 0.99]        

Total (95% CI) 165                159 100.00      0.40 [0.19, 0.85]

Total events: 13 (early EN (<24 h)), 26 (Control)
Test for heterogeneity: Chi² = 3.51, df = 6 (P = 0.74), I² = 0%
Test for overall effect: Z = 2.39 (P = 0.02)

 0.1  0.2  0.5  1  2  5  10

 Favours EN  Favours Control

Fig. 5 Sensitivity analysis including studies with excessive loss to follow-up (ltf): mortality. EN enteral nutrition, OR odds ratio
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translocation [57, 58]. The expression and function of iAP
is lost in critical illness in the presence of short-term
fasting, but is maintained with the provision of EN 58.
The authors of this seminal work conclude ‘‘it is likely
that the iAP silencing that occurs during starvation is a
key component of the gut mucosal barrier dysfunction
seen in critically ill patients’’ [58].

The provision of early standard EN, resulting in
preservation of the gut-associated lymphoid tissue, gut
barrier function and ability to detoxify LPS [55–58]
could explain our key finding of a reduction in pneu-
monia and mortality. Although only one RCT in our
systematic review explicitly reported a composite mea-
sure of the severity of MODS, a strong trend towards a
reduction in the number of organ system failures was
documented in this RCT in patients who received early
EN [48].

EN within 24 h of injury or ICU admission

The only other published meta-analysis addressing the
effects of early EN in critical illness reported evidence of
a trend towards a reduction in mortality [RR 0.52,
P = 0.08, heterogeneity P = 0.67] [3], which is consis-
tent with our findings. It is likely that our results were
found to be statistically significant because we focused
exclusively on trials that began early EN within 24 h of
injury or ICU admission. This definition of early nutri-
tional support has been promoted by internationally
recognised evidence-based guidelines [1, 2, 4]. Extending
the definition of early to include trials that provided EN
within 60 h [21] or 72 h [26] of injury may dilute the
mortality benefit attributable to the provision of EN
within a shorter 24 h window.

As a simulation exercise, we repeated Heyland
et al.’s (2003) meta-analysis but excluded the three
trials they identified as commencing EN later than 24 h
[21–23]. We used their analytic technique (random
effects model with the RR metric) and re-analysed the
five trials their systematic review identified as providing
EN within 24 h [43, 46–48, 50]. This simulation
exercise revealed a statistically significant reduction in
mortality attributable to the provision of EN within
24 h of injury or ICU admission (RR = 0.26, 95% CI
0.08–0.83, P = 0.02, I2 = 0%). Concurrence of the
results of this simulation exercise with the findings of
our current meta-analysis, which uses slightly different
selection criteria by placing an emphasis on methodo-
logically sound trials, reinforces the potential
importance of defining early as within 24 h of injury or
ICU admission. Furthermore, since this simulation
exercise was based on trials included in Heyland
et al.’s (2003) meta-analysis, it demonstrates that evi-
dence of a mortality reduction has been present in our
literature for some time.

Strengths and limitations

We conducted an extensive and exhaustive literature
search that was not restricted to the English language.
Although it is unlikely that published studies were mis-
sed, we did not explicitly search the grey literature to
identify conference abstracts of unpublished studies.
Contact with recognised experts and industry represen-
tatives did not yield any unpublished studies, and
inspection of the funnel plot does not reveal obvious
evidence of a negative study publication bias. It is likely
our literature search identified all eligible trials.

We undertook a formal sensitivity analysis and con-
ducted a simulation exercise to investigate the robustness
of our assumptions. The formal sensitivity analysis
included RCTs with major methodological flaws identi-
fied during our current search, whilst the simulation
exercise was conducted using the selection criteria and
analytic techniques employed in a previous publication on
this topic [3]. The results of the sensitivity analysis and
the simulation exercise both support our primary findings:
both demonstrated a statistically significant reduction in
mortality attributed to the provision of standard EN within
24 h of injury or ICU admission.

Overall, the RCTs included in our meta-analysis were
small and of poor quality; however, none of the RCTs
included in our primary analysis had major methodolog-
ical flaws. Methodological flaws and reporting
deficiencies have been documented in trials of nutritional
support in the past [13]. There is a pressing need for
improvements in the conduct and reporting of future trials
in this field [59].

The patient groups enrolled into the included trials
appear to be clinically heterogeneous. The strength of
standard EN formula used, nutritional goals set, use of
supplemental parenteral nutrition and comparator groups
also differ between trials. Because there is no evidence of
statistical heterogeneity and the magnitude of the
observed treatment effect is reasonably similar across all
included trials, we can conclude that it is valid to obtain
an overall summary estimate despite these apparent dif-
ferences [18–20]. Within the constraints of the patient
groups and interventions evaluated in the included trials,
the presence of a reasonably consistent treatment effect in
the face of differences in study design suggests that the
benefits of early EN may be independent of patient
population, strength of EN formula used, nutritional goals
set, use of supplemental parenteral nutrition and com-
parator groups. This hypothesis should be confirmed in a
subsequent multi-centre clinical trial.

Conclusions

Authoritative guidelines from the European Society of
Clinical Nutrition and Metabolism [1], evidence-based
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guidelines from Australia and New Zealand [4] and
Canadian guidelines [2] all recommend that EN should be
commenced within 24 h of ICU admission in patients
expected to remain in the ICU for at least 2 days.
Unfortunately, 40 to 60% of patients who are eligible for
early EN still fail to receive EN within 48 h of ICU
admission [4].

Meta-analysis conducted on the methodologically
sound clinical trials identified by our systematic review of
the literature revealed a statistically significant reduction
in mortality and pneumonia attributable to the provision
of standard EN within 24 h of injury or ICU admission.
These findings are robust and were confirmed by sensi-
tivity analysis and a simulation study. Because the
included clinical trials may not represent all patient
groups, we recommend the use of judicious clinical
judgement in applying these findings to clinical practice.

The primary findings of this meta-analysis need to be
confirmed by the conduct of a large scale multi-centre
clinical trial.
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