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A B S T R A C T

Background

With burn injuries involving a large total body surface area (TBSA), the body can enter a state of breakdown, resulting in a condition
similar to that seen with severe lack of proper nutrition. In addition, destruction of the eNective skin barrier leads to loss of normal body
temperature regulation and increased risk of infection and fluid loss. Nutritional support is common in the management of severe burn
injury, and the approach of altering immune system activity with specific nutrients is termed immunonutrition. Three potential targets have
been identified for immunonutrition: mucosal barrier function, cellular defence and local or systemic inflammation. The nutrients most
oOen used for immunonutrition are glutamine, arginine, branched-chain amino acids (BCAAs), omega-3 (n-3) fatty acids and nucleotides.

Objectives

To assess the eNects of a diet with added immunonutrients (glutamine, arginine, BCAAs, n-3 fatty acids (fish oil), combined
immunonutrients or precursors to known immunonutrients) versus an isonitrogenous diet (a diet wherein the overall protein content is
held constant, but individual constituents may be changed) on clinical outcomes in patients with severe burn injury.

Search methods

The search was run on 12 August 2012. We searched the Cochrane Injuries Group's Specialised Register, The Cochrane Library, MEDLINE
(OvidSP), Embase (OvidSP), ISI WOS SCI-EXPANDED & CPCI-S and four other databases. We handsearched relevant journals and conference
proceedings, screened reference lists and contacted pharmaceutical companies. We updated this search in October 2014, but the results
of this updated search have not yet been incorporated.

Selection criteria

Randomised controlled trials comparing the addition of immunonutrients to a standard nutritional regimen versus an isonitrogenated
diet or another immunonutrient agent.

Data collection and analysis

Two review authors were responsible for handsearching, reviewing electronic search results and identifying potentially eligible studies.
Three review authors retrieved and reviewed independently full reports of these studies for inclusion. They resolved diNerences by
discussion. Two review authors independently extracted and entered data from the included studies. A third review author checked these
data. Two review authors independently assessed the risk of bias of each included study and resolved disagreements through discussion
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or consultation with the third and fourth review authors. Outcome measures of interest were mortality, hospital length of stay, rate of burn
wound infection and rate of non-wound infection (bacteraemia, pneumonia and urinary tract infection).

Main results

We identified 16 trials involving 678 people that met the inclusion criteria. A total of 16 trials contributed data to the analysis. Of note, most
studies failed to report on randomisation methods and intention-to-treat principles; therefore study results should be interpreted with
caution. Glutamine was the most common immunonutrient and was given in seven of the 16 included studies. Use of glutamine compared
with an isonitrogenous control led to a reduction in length of hospital stay (mean stay -5.65 days, 95% confidence interval (CI) -8.09 to
-3.22) and reduced mortality (pooled risk ratio (RR) 0.25, 95% CI 0.08 to 0.78). However, because of the small sample size, it is likely that
these results reflect a false-positive eNect. No study findings suggest that glutamine has an eNect on burn wound infection or on non-
wound infection. All other agents investigated showed no evidence of an eNect on mortality, length of stay or burn wound infection or non-
wound infection rates.

Authors' conclusions

Although we found evidence of an eNect of glutamine on mortality reduction, this finding should be taken with care. The number of study
participants analysed in this systematic review was not suNicient to permit conclusions that recommend or refute the use of glutamine.
Glutamine may be eNective in reducing mortality, but larger studies are needed to determine the overall eNects of glutamine and other
immunonutrition agents.

P L A I N   L A N G U A G E   S U M M A R Y

Immunonutrition as an adjuvant therapy for burns

With burn injuries involving a large total body surface area, damage and breakdown of tissues can result in a condition similar to that seen
with severe malnourishment. In addition, destruction of the eNective skin barrier leads to body temperature dysregulation and increased
susceptibility to infection and fluid loss. Previous studies have investigated specific naturally occurring additives to nutritional support,
which may lead to an increase in immune system function and therefore a reduction in infection, hospital length of stay and chance of
death. These additives are termed immunonutrients and include glutamine, arginine, branched-chain amino acids (BCAAs) and omega-3
fatty acids (fish oil). The authors of this review searched for randomised controlled trials assessing the eNects of immunonutrients in
patients with severe burn injury.

Results of this review show that only glutamine could potentially reduce risk of death. However, the total number of patients within
the combined studies is too small; therefore conclusions may be imprecise. More studies are needed to determine the eNicacy of
immunonutrition.
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B A C K G R O U N D

Description of the condition

Burns are injuries to the skin and underlying structures caused
by exposure to various injurious agents, including sources of
heat, extreme cold, electricity and chemicals. Globally the World
Health Organization suggests that around 265,000 deaths annually
are attributable to fire-related injuries (WHO 2014a), and this is
thought to be a conservative estimate. The burden of mortality
from fire-related injuries falls disproportionately in low-income
countries, which report 10.2 deaths per 100,000, compared with
0.8 per 100,000 in higher-income countries. Regional diNerences
mean that peak mortality is even higher at 12.1 per 100,000 in
Africa (WHO 2014b). In addition to mortality, significant physical
and psychological morbidity is associated with burn injuries,
and optimal patient outcomes require a multi-disciplinary team
approach involving multiple medical and surgical specialities and
allied healthcare professionals. The severity of burn injury depends
on both the depth of skin damage and the percentage of total body
surface area (TBSA) aNected. In cases in which more than 20% TBSA
is involved, a severe catabolic state can occur, resulting in whole-
body protein breakdown, negative nitrogen balance and reduced
body mass akin to acute severe malnourishment (Prelack 2007; Yurt
2001). This impaired metabolic state may become life threatening;
therefore nutritional support commonly plays an important role in
the management of severe burns. This support can be provided in
the form of fortified oral diets, supplementary drinks, enteral tube
feedings or parenteral (intravenous) support. The decision to begin
nutritional support may depend on general energy requirements
or barriers to normal feeding such as invasive airway support or
dysphagia (swallowing diNiculties) and risk of aspiration.

In addition to inducing a hypermetabolic state, loss of an
eNective skin barrier impairs the patient’s ability to control body
temperature and maintain fluid balance, leaving open a portal
for infection. Other factors such as immobility due to pain or
postoperative requirements also contribute to high risk of infective
complications. Therefore, enhancement of immune function to
lower infection risk through specific nutritional support is worthy
of investigation.

Description of the intervention

The idea of modulating immune system activity by providing
specific nutrients is termed immunonutrition (Calder 2003).
This intervention has been used for medicinal purposes since
ancient times and was applied in Ayurvedic medicine for over
3000 years (Inaba 2005; Seth 2004). Three potential targets for
immunonutrition are known: (1) mucosal barrier function; (2)
cellular defence; and (3) local or systemic inflammation. The
nutrients most oOen used for immunonutrition are arginine,
glutamine, branched-chain amino acids (BCAAs), omega-3 (n-3)
fatty acids and nucleotides (Calder 2003).

These nutrients act in several ways. Glutamine, a non-essential
amino acid synthesised from glutamic acid and ammonia, is
abundant throughout the body and is involved in many metabolic
processes. It is the principal carrier of nitrogen in the body and
is an important energy source for cells. Glutamine appears to be
a "conditionally essential" amino acid at times of serious illness
or injury (Wischmeyer 2006). Immunonutrient precursors such as
ornithine α-ketoglutarate (OKG) have shown significant functional

overlap with glutamine. One of the key working mechanisms
of OKG consists of building up tissue glutamine concentrations,
thereby improving nitrogen carriage. For several decades, OKG
has been considered for use in burn injury; it appears to have
anticatabolic actions that are mediated through insulin and
human growth hormone modulation (Cynober 1984; Schneid
2003). Branched-chain amino acids are endogenous precursors
of other amino acids such as glutamine and have been shown
in cell cultures and animal studies to be necessary for the
support of eNicient immune function. Reduced availability of
BCAAs impairs some aspects of immune function, including killer
cell activity and lymphocyte proliferation. However, the role of
BCAAs in producing diNerent immunoglobulins and cytokines and
in permitting antigen processing and presentation to occur is
unknown (Calder 2006). The n-3 fatty acids have shown potential
benefit in their ability to reduce levels of inflammatory prostanoids
and endogenous immunosuppressive mediators (Mayer 2008).
Dietary nucleotides are important substrates for immune cells
and function, particularly in times of stress, as well as for gastric
mucosal function (Schloerb 2001). Combinations of the above
strategies have been utilised.

How the intervention might work

In patients with burn injuries, sepsis and subsequent multiple
organ failure (MOF) are the leading causes of death (Li 1995;
Merrell 1989; Sharma 2006; Tang 1999). Loss of the skin
barrier and suppression of normal host defences due to intense
hypermetabolism in patients with burn injuries suggest that
they are likely to benefit from immunonutrition. Several studies
in animal models and in clinical settings have shown that
immunonutrition can improve immune function (Choudhry 2003;
Preiser 2003; Windle 2006; Wischmeyer 2006), but its eNects
on mortality and on other clinically relevant outcomes remain
unknown. Five previous meta-analyses have assessed the use
of immunonutrition in critically ill patients (Beale 1999; Heyland
2001; Jiang 2002; Montejo 2003; Peter 2005), all of which failed
to demonstrate a reduction in mortality rates. Moreover, trials
with high methodological quality have shown a trend towards
increased mortality rates in patients, along with heterogeneous
results for length of hospital stay, intensive care unit stay and
days on mechanical ventilation. A more recent review (Kurmis
2010) recommended only the use of glutamine in patients with
severe burns, as data were insuNicient to support the routine use
of other immunonutrient therapies such as fish oil, arginine and
combination immunonutrition aOer burn injury.

Why it is important to do this review

Patients with severe burn injuries present a major clinical problem
and represent a significant economic and social burden for the
community. Treatment of individuals with this condition to reduce
mortality while minimising the impact of long-term physical,
cognitive and behavioural eNects is an ongoing challenge, and
many therapeutic regimens have been proposed with limited
success. Immunonutritonal therapies have shown promising
results; however, it is unclear whether immunonutrition should
be used routinely in the treatment of patients with burns, and
questions of dose, route and duration remain unanswered. A
systematic review of clinical outcomes may assist practitioners in
assessing the use of such strategies in severely burned patients, and
the results of such work may serve as a guide for future researchers
who seek to better define optimal therapy.
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O B J E C T I V E S

To assess the eNects of a diet with added immunonutrients
(glutamine, arginine, BCAAs, n-3 fatty acids (fish oil), combined
immunonutrients or precursors to known immunonutrients) versus
an isonitrogenous diet (a diet wherein the overall protein content
is held constant, but individual constituents may be changed) on
clinical outcomes in patients with severe burn injury.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered any randomised clinical trials that compared the
addition of immunonutrients to a standard nutritional regimen
versus an isonitrogenated diet or another immunonutrient agent.

Types of participants

We focused on all patients of any age with burn injuries of any
severity who were admitted to a specialised burn unit, a general
intensive care unit or a surgery unit for treatment. We did not
use a cutoN for burn TBSA, although we acknowledge that these
interventions are more likely to be used for severely burned
patients.

Types of interventions

We included all studies with at least one of the following
immunonutrients: glutamine, BCAAs, n-3 fatty acids (fish oil),
combined immunonutrients or immunonutrient precursors. We
also considered studies that employed standard immunonutrient
therapy as the comparator, but administered by a diNerent
route or dosage, and those that compared immunonutrients
versus no treatment or placebo. Immunonutrient interventions
were provided by an enteral (tube feeding into the stomach or
small bowel, including percutaneous endoscopic gastrostomy) or
parenteral (intravenous) route.

Types of outcome measures

Studies were eligible for inclusion if investigators reported any of
the following outcome measures.

Primary outcomes

1. All-cause mortality.

Secondary outcomes

1. Length of hospital stay (LOS) defined as time between admission
and wound healing.

2. Burn wound infection.

3. Non-wound infection, including pneumonia, urinary tract
infection and bacteraemia.

Following publication of the review protocol, several of these
secondary outcomes were not reported on in this review, as they
were addressed by a small number, or none, of the included studies.

Numbers of transfusions and quality of life were not reported by any
of the screened articles.

Weight loss was removed as a secondary outcome measure, as
it was considered not clinically relevant by the review authors;

however it was reported by three included studies (Coudray-Lucas
2000; De Bandt 1998; Zhou 2003). We did not report cost, as this is
not a clinical measure, although it was reported by two included
studies (SaNle 1997; Zhou 2003). Aesthetic outcomes related to scar
tissue were reported by only one study (Donati 1999).

Overall rates of sepsis and nosocomial infection were removed as
secondary outcomes, as they were not clearly defined by any of the
included studies.

Surrogate endpoints and biochemical markers of nutrition (e.g.
serum levels of glutamine, albumin and prealbumin; nitrogen
balance; net protein loss) were not included in this review because
they were not considered to be clinical outcomes.

Search methods for identification of studies

To reduce publication and retrieval bias, we did not restrict our
search by language, date or publication status.

Electronic searches

The Cochrane Injuries Group's Trials Search Co-ordinator searched
the following:

1. Cochrane Injuries Group Specialised Register (14 August 2012);

2. Cochrane Central Register of Controlled Trials (CENTRAL) (2012,
issue 7 of 12);

3. MEDLINE (OvidSP) (1946 to 2012 August week 1);

4. PubMed (14 August 2012);

5. Embase (OvidSP) (1980 to 2012 week 32);

6. LILACS (Literatura Latino-Americana e do Caribe em Ciências da
Saúde) (1982 to August 2008);

7. CINAHL Plus (EBSCO) (1982 to August 2012);

8. ISI WOS: Science Citation Index-Expanded (SCI-EXPANDED)
(1970 to August 2012);

9. ISI WOS: Conference Proceedings Citation Index-Science (CPCI-
S) (1990 to August 2012);

10.Zetoc (1993 to August 2012).

The search strategies applied are listed in Appendix 1.

We combined the Ovid MEDLINE strategy with the Cochrane Highly
Sensitive Search Strategy (CHSSS) to identify randomised trials in
MEDLINE (Lefebvre 2011). We combined the EMBASE (Ovid SP) and
CINAHL (EBSCO) strategies with the trial filters developed by the
Scottish Intercollegiate Guidelines Network (SIGN) (SIGN 2010).

We performed a further search in October 2014 and added 21
studies to Studies awaiting classification; we will incorporate these
studies into the review at the next update.

Searching other resources

We handsearched the following journals.

1. Burns (Journal of the International Society for Burn Injuries).

2. Journal of Burn Care and Research (Journal of the American Burn
Association).

3. Annals of Burns and Fire Disasters (Journal of the Mediterranean
Council for Burns and Fire Disasters).

4. Plastic and Reconstructive Surgery (Journal of the American
Society of Plastic Surgeons).
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5. Journal of Trauma.

6. Journal of Critical Care Medicine.

7. American Journal of Clinical Nutrition.

8. Journal of Nutrition.

9. British Journal of Nutrition.

We searched the websites of the International Society for Burn
Injuries and the American Burn Association for abstracts presented
at meetings, congresses or symposia. We also searched the
reference lists of relevant studies and contacted specialists in
the field, including the authors of included trials. We contacted
pharmaceutical manufacturers to verify data and to obtain
additional unpublished data.

Data collection and analysis

Selection of studies

Two review authors (SD, RS) were responsible for handsearching
and identifying eligible studies. Two review authors (SD, RS)
examined the electronic search results and identified potentially
eligible studies. Three review authors (JW, HT, TH) retrieved and
reviewed independently full reports of these studies for inclusion
in the review. DiNerences were resolved by discussion. Review
authors recorded data using the data extraction form developed
for this review. All languages were considered. We contacted study
authors for clarification of trial methods and for additional data
when required. Individual patient data were not available for
calculation of means and standard deviations.

Data extraction and management

Two review authors (SD, RS) independently extracted the following
data from the included studies and entered the data into RevMan
5. A third review author (LP) checked these data. Data variables
extracted included the following.

1. Design, size and location of the trial.

2. Characteristics of the study population including age and
gender, and any reported exclusion criteria.

3. Description of the intervention including types and doses of
immunonutrients used, route of administration and timing and
duration of treatment.

4. Methodological characteristics as outlined below in the
Assessment of risk of bias in included studies section.

5. Outcome measures: numbers of events for dichotomous
outcomes; means and standard deviations for continuous
outcomes.

We asked the corresponding authors of included trials to provide
missing data. If we received no response, or if the study author was
unable to provide the necessary data, the article was excluded from
the analysis of the missing outcome.

We performed analyses using RevMan 5.2 soOware. We conducted
intention-to-treat analyses when possible. We calculated risk ratios
(RRs) and 95% confidence intervals (95% CIs) for dichotomous
outcomes, and mean diNerences (MDs) and 95% CIs for continuous
outcomes. We pooled results of comparable groups of trials using
the fixed-eNect model.

Assessment of risk of bias in included studies

The same two review authors (SD, RS) independently assessed the
risk of bias of each included study and resolved disagreements
through discussion or consultation with the third and fourth
review authors (JW, HT). We assessed the following methodological
domains, as recommended by The Cochrane Collaboration
(Higgins 2011a).

1. Sequence generation.

2. Allocation concealment.

3. Blinding of participants, personnel and outcome assessors.

4. Incomplete outcome data.

5. Selective outcome reporting.

6. Other potential threats to validity (intention-to-treat analysis,
calculation of sample size a priori).

Each of these criteria was explicitly judged as having low risk of
bias, high risk of bias or unclear risk of bias (lack of information
or uncertainty over the potential for bias). As part of the updating
process, we completed the risk of bias assessment for the nine
included studies.

Assessment of heterogeneity

We used a fixed-eNect model when no evidence showed significant

heterogeneity between studies (I2 < 50%) and employed a

random-eNects model when heterogeneity was likely (I2 > 50%)
(DerSimonian 1986; Higgins 2003).

Assessment of reporting biases

We considered available data to be insuNicient for a meaningful
assessment of publication bias through a funnel plot. The largest
number of trials in any single analysis was seven (for glutamine,
length of stay); this is fewer than the 10 studies suggested for
assessment of funnel plot asymmetry by the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011b). However,
our search of 'grey literature' combined with our dogged pursuit of
trials listed in clinical trial registers and communications with trial
authors should have helped to avoid publication bias.

Subgroup analysis and investigation of heterogeneity

We gave consideration to the appropriateness of subgroup
analyses based on minor versus major burns, children (0 to 18 years
of age) versus adults (19 years of age or older), early versus delayed
nutrition, diNerent types of immunonutrients in the experimental
group, diNerent types of nutrition in the control group and diNerent
doses of immunonutrients. Many studies did not report this level
of detail; therefore it was not appropriate to perform the analysis.
Data were adequate for performance of a subgroup analysis based
on enteral versus parenteral administration. This was performed
through calculation of RR or MD in each subgroup with examination
of 95% CIs. We regarded non-overlap of intervals to indicate a
statistically significant diNerence between subgroups.

Sensitivity analysis

We intended to perform sensitivity analyses for missing data and
study quality, but because of the small number of included studies,
we were not able to do so. If appropriate, we had also planned
to conduct a sensitivity analysis by study quality based on the
presence or absence of a reliable random allocation method,
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concealment of allocation and blinding of participants or outcome
assessors. If appropriate data were found, we planned to consider
subgroup analysis based on burn aetiology and trial funding
(pharmaceutical and/or nutrition industry or other). We performed
no sensitivity analyses.

R E S U L T S

Description of studies

Independent scrutiny of titles and abstracts from all searches
conducted to date revealed that a total of 16 studies met the

inclusion criteria (Characteristics of included studies). A total of 95
studies did not meet the inclusion criteria and were excluded from
the review (Characteristics of excluded studies).

Results of the search

Results of the search are shown in Figure 1.
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Figure 1.   Study flow diagram.
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This review includes results from the search run in August 2012.
A further six possible eligible studies were identified by a recent
search run In January 2014; these studies have not yet been
incorporated into the review but will be assessed in the next
update. Details are provided under Characteristics of studies
awaiting classification.

Included studies

See Characteristics of included studies.

Design

All of the included studies were randomised. One study was nine-
armed (De Bandt 1998), three studies were three-armed ( Garrel
1995; Gottschlich 1990; Lu 2004) and the remaining 12 studies were
two-armed. Two studies used stratification to produce balanced
groups according to burn size (Garrel 2003; SaNle 1997); one trial
used burn size, age and institution (Gottschlich 1990).

Setting

Studies were set in hospitals and were conducted in North America,
South America, Europe or Asia: one each in Italy and Chile (Donati
1999; Toledo 2007), two each in France and Canada (Coudray-Lucas
2000; De Bandt 1998; Garrel 1995; Garrel 2003), five in China (Lu
2004; Peng 2004b; Zhou 2002; Zhou 2003; Zhou 2004) and five in
the USA (Brown 1990; Gottschlich 1990; SaNle 1997; Wibbenmeyer
2006; Wischmeyer 2001). Except for one (Gottschlich 1990), all
studies were conducted at a single site; one study did not report the
number of sites involved (Donati 1999).

Participants

A total of 678 participants were included in this review: 45
participants in a study of BCAAs; 43 in a study of fish oil; 163 in
studies of immunonutrient precursors; 164 in studies of combined
immunonutrients and 285 in studies of glutamine.

Studies included both adults and children, and the mean age
of participants ranged from 19.2 to 41 years. The mean size of
burns across studies ranged from 32.3% to 67.5% TBSA. The
mechanism or cause of injury was unexplained in all studies. In
three studies (Zhou 2002; Zhou 2003; Zhou 2004), data on the
gender of participants were not available. In the remaining studies,
most participants were men. In all, 12 studies detailed the depth
of the burn (Brown 1990; Coudray-Lucas 2000; De Bandt 1998;
Garrel 1995; Garrel 2003; Gottschlich 1990; Lu 2004; Peng 2004;
Wischmeyer 2001; Zhou 2002; Zhou 2003; Zhou 2004). Only two
trials did not report burn size as an inclusion or exclusion criterion
(Peng 2004b; SaNle 1997). Many studies excluded people with a
wide range of medical conditions such as pregnancy, chronic illness
and respiratory, cardiac or renal insuNiciency.

Interventions

Various types of immunonutrient interventions were tested in the
included studies (for further details, see the Characteristics of
included studies table); however no included studies examined
arginine only. Interventions examined included BCAAs (Brown
1990), fish oil (Garrel 1995), OKG (Coudray-Lucas 2000; De Bandt
1998; Donati 1999), combined immunonutrients (Gottschlich 1990;

SaNle 1997; Toledo 2007; Wibbenmeyer 2006) and glutamine
(Garrel 2003; Lu 2004; Peng 2004b; Wischmeyer 2001; Zhou 2002;
Zhou 2003; Zhou 2004). Of the 16 included studies, three studies
administered the immunonutrient through the parenteral route
(Brown 1990; Wischmeyer 2001; Zhou 2004) and the other 13
studies used the enteral route.

The comparisons under test fell into four categories: various
isonitrogenous mixtures containing standard amino acids (Brown
1990; Garrel 2003; Lu 2004; Wischmeyer 2001; Zhou 2003; Zhou
2004), soy protein (Coudray-Lucas 2000; De Bandt 1998) and multi-
nutrient supplements made up of protein, vitamins and minerals
(Garrel 1995; Gottschlich 1990; SaNle 1997; Wibbenmeyer 2006) or
placebo (Donati 1999; Peng 2004b; Toledo 2007; Zhou 2002).

Outcomes

Overall mortality rate was reported in 13 studies but was not
reported in three (Lu 2004; Zhou 2002; Zhou 2004). Fourteen
studies reported hospital length of stay, but two did not (Coudray-
Lucas 2000; Donati 1999). One study reported only hospital LOS as
“Length of stay/%burn” (Gottschlich 1990). Five studies reported
on rate of burn wound infection (Garrel 2003; Gottschlich 1990;
SaNle 1997; Wibbenmeyer 2006; Zhou 2003). Rates of other non-
wound infections such as pneumonia, urinary tract infection and
bacteraemia were reported in four studies (Garrel 1995; Gottschlich
1990; SaNle 1997; Wibbenmeyer 2006).

Excluded studies

The reasons for excluding 95 studies are given in the Characteristics
of excluded studies section. A total of 37 studies were not
randomised controlled clinical trials. A further 14 studies did not
compare an immunonutrient intervention versus a control, and 13
studies did not report on the primary outcome or any secondary
outcomes as outlined in the methodology section of this review.
Six studies contained data duplicated from another included study.
Ten trials were animal studies, and in six studies participants were
not solely patients with burns.

Studies awaiting classification

A total of 11 studies could not be classified for various reasons, as is
shown under Characteristics of studies awaiting classification. Two
trials were reported in non-English publications and a translator
was not available to assist with data extraction. The full text or
the abstract was not available in seven studies. One study was
published as an abstract only. One study was extracted from a
clinical trials database and has concluded, but data are not yet
available. Studies awaiting classification were excluded from data
aggregation and analysis.

Ongoing studies

Details of one ongoing trial are given under Characteristics of
ongoing studies.

Risk of bias in included studies

Two figures show our assessment of risk of bias for all included
trials (Figure 2 and Figure 3).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Seven studies were assessed as having low risk of selection
bias because investigators reported adequate random sequence
generation and allocation concealment ( Garrel 1995; Garrel 2003;
Toledo 2007; Wibbenmeyer 2006; Wischmeyer 2001; Zhou 2003;
Zhou 2004). Risk of selection bias was assessed as unclear in four
studies, as methods of neither random sequence generation nor
treatment allocation were specified (Coudray-Lucas 2000; Donati
1999; Lu 2004; Peng 2004b). A further five studies were assessed
as having unclear risk of selection bias, as researchers adequately
reported only random sequence generation (Brown 1990; De Bandt
1998; Gottschlich 1990; Zhou 2002) or only treatment allocation
(SaNle 1997), but not both.

Blinding

Eight studies were assessed as having low risk of bias, as they
were described as double-blinded and reported adequate blinding
methods (Gottschlich 1990; Peng 2004b; SaNle 1997; Toledo 2007;
Wibbenmeyer 2006; Wischmeyer 2001; Zhou 2003; Zhou 2004).
Two studies were assessed as having unclear risk of bias, as they
were described as double-blinded but blinding methods were not
specified (Coudray-Lucas 2000; Garrel 2003).

In one study by Garrel 1995, blinding of medical staN and
investigators was described, but the method was unclear. Another
trial briefly implied the process of blinding but did not adequately
describe the extent or method (Donati 1999). These two studies
therefore were assessed as having unclear risk of bias. Four trials
did not address blinding and were assessed as having unclear risk
of bias (Brown 1990; De Bandt 1998; Lu 2004; Zhou 2002).

Incomplete outcome data

A total of 12 studies were assessed as having low risk of bias,
as incomplete outcome data were adequately addressed or the
study author specifically stated that there were no dropouts or
withdrawals (Brown 1990; Coudray-Lucas 2000; De Bandt 1998;
Garrel 1995; Garrel 2003; Lu 2004; SaNle 1997; Wibbenmeyer 2006;
Wischmeyer 2001; Zhou 2002; Zhou 2003; Zhou 2004). Risk of bias
was uncertain in three studies (Donati 1999; Gottschlich 1990; Peng
2004b), as reports inferred there were no dropouts or withdrawals,

but this was not specifically stated. One study did not inadequately
address the numbers or reasons for dropouts and withdrawals
and therefore was assessed as having high risk of incomplete data
(Toledo 2007).

Other potential sources of bias

We found that only four studies had low risk of other bias (Garrel
2003; Toledo 2007; Wibbenmeyer 2006; Zhou 2004). For all of
these studies, concerns about other bias were related to lack of
information on, or known lack of, an intention-to-treat approach to
results analysis.

ECects of interventions

Glutamine

We found seven studies that compared glutamine versus an
isonitrogenous mixture containing standard amino acids (Garrel
2003; Lu 2004; Wischmeyer 2001; Zhou 2003; Zhou 2004) or placebo
(Peng 2004b; Zhou 2002).

All-cause mortality

See Analysis 1.1. Three studies (Garrel 2003; Wischmeyer 2001;
Zhou 2003) examined a total of 111 participants. The pooled RR of
death was 0.25 (95% CI 0.08 to 0.78; P value 0.02).

Length of stay

See Analysis 2.1. All seven studies (Garrel 2003; Lu 2004; Peng
2004b; Wischmeyer 2001; Zhou 2002; Zhou 2003; Zhou 2004)
reported hospital length of stay. This analysis included a total of 255
participants. The pooled RR was -5.65 (95% CI -8.09 to -3.22; P value
< 0.0001).

Burn wound infection

See Analysis 3.1. Two studies by Garrel 2003 and Zhou 2003 looked
at a total of 81 participants. The pooled RR was 0.42 (95% CI 0.16 to
1.06; P value 0.07).
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Non-wound infection

See Analysis 4.1. Two studies by Garrel 2003 and Wischmeyer 2001
looked at a total of 67 participants. The pooled RR was 0.73 (95% CI
0.27 to 1.95; P value 0.53).

Immunonutrient precursors (ornithine α-ketoglutarate)

We found three studies that compared ornithine α-ketoglutarate
versus soy protein (Coudray-Lucas 2000; De Bandt 1998) or placebo
(Donati 1999).

All-cause mortality

See Analysis 1.2. The three studies (Coudray-Lucas 2000; De Bandt
1998; Donati 1999) looked at a total of 155 participants. The pooled
RR of death was 0.93 (95% CI 0.37 to 2.36; P value 0.88).

Length of stay

See Analysis 2.2. Only one study (De Bandt 1998) looked at length of
stay and reported on 48 participants. The pooled RR was -4.21 (95%
CI -18.87 to 10.45; P value 0.57).

Branched-chain amino acids (BCAAs)

We assessed one study (Brown 1990) that compared BCAAs versus
an isonitrogenous mixture containing standard amino acids.

All-cause mortality

See Analysis 1.3. This study examined all-cause mortality in 20
participants. The RR was 2.50 (95% CI 0.63 to 10.00; P value 0.20).

Length of stay

See Analysis 2.3. This study reported hospital length of stay in 20
participants. The RR was 4.00 (95% CI -27.63 to 35.63; P value 0.80).

N-3 fatty acids (fish oil)

We found one study (Garrel 1995) that compared fish oil versus
multi-vitamins.

All-cause mortality

See Analysis 1.4. This single study examined all-cause mortality in
25 participants. The RR was 0.41 (95% CI 0.05 to 3.49; P value 0.41).

Length of stay

See Analysis 2.4. This single study reported hospital length of stay
in 25 participants. The RR was -21.0 (95% CI -41.03 to -0.97; P value
0.04).

Non-wound infection

See Analysis 4.2. This single study reported pneumonia as a non-
wound outcome in 25 participants. The RR was 0.31 (95% CI 0.08 to
1.21; P value 0.09).

Combined immunonutrients

We found four studies that compared combined immunonutrients
versus multi-nutrient supplementation (Gottschlich 1990; SaNle
1997; Wibbenmeyer 2006) or placebo (Toledo 2007).

All-cause mortality

See Analysis 1.5. These four studies (Gottschlich 1990; SaNle
1997; Toledo 2007; Wibbenmeyer 2006) looked at a total of 163
participants. The pooled RR was 1.10 (95% CI 0.47 to 2.60; P value
0.83).

Length of stay

See Analysis 2.5. Three studies (SaNle 1997; Toledo 2007;
Wibbenmeyer 2006) reported hospital length of stay in 113
participants. The pooled RR was 1.93 (95% CI -4.41 to 8.28; P value
0.55).

Burn wound infection

See Analysis 3.3. Three studies (Gottschlich 1990; SaNle 1997;
Wibbenmeyer 2006) reported on burn wound infection in 122
participants. The pooled RR was 0.79 (95% CI 0.51 to 1.20; P value
0.26).

Non-wound infection

See Analysis 4.3. Three studies (Gottschlich 1990; SaNle 1997;
Wibbenmeyer 2006) examined rates of pneumonia in a total of
122 participants. The pooled RR was 0.83 (95% CI 0.59 to 1.15; P
value 0.26). Two studies (SaNle 1997; Wibbenmeyer 2006) looked at
urinary tract infection (RR 2.46, 95% CI 0.98 to 6.20; P value 0.06)
and bacteraemia (RR 1.77, 95% CI 0.81 to 3.88; P value 0.16).

D I S C U S S I O N

Patients with major burn injuries are uniquely diNerent from other
trauma or critical care patients. Their hypermetabolic state oOen
persists beyond regeneration or replacement of burned skin, with
rapid depletion of key nutrients, trace elements and vitamins.
Early nutritional intervention (within 24 hours post injury) is now
considered essential, and the enteral route of administration is
preferred to the parenteral route. Its benefits are well documented
in terms of attenuating the hypermetabolic response and stress
hormone levels (Mochizuki 1984), reducing gastric ulceration
and malnutrition (Chiarelli 1990; Venter 2007) and increasing
immunoglobulin production (Lam 2008). Mechanisms that lead
to immunosuppression in patients with major burns include
a characteristic counter anti-inflammatory response syndrome
(CARS). This mediator-driven reaction is aimed at minimising
inflammation-induced tissue injury and is initiated aOer the acute
inflammatory response subsides. Vulnerability to infective and
wound complications, as well as risk of death, is therefore increased
(Bone 1996; Bone 1996a; Jeschke 2008).

Summary of main results

We found that glutamine when given in enteral feeds led to a
reduction in length of stay (P value < 0.0001) and mortality (P value
0.002) when compared with an isonitrogenous control. No other
agents were found to have evidence of an impact on mortality,
length of stay or burn wound infection or non-wound infection
rates.

Glutamine

Glutamine is the principal nitrogen carrier in the body and is a
conditionally essential amino acid. It acts as a fuel for lymphocytes
and enterocytes and is a precursor for glutathione, a powerful
antioxidant. Glutamine is the most thoroughly investigated of
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all immunomodulating agents in burns, accounting for 285
participants in seven studies (Garrel 2003; Lu 2004; Peng 2004b;
Zhou 2002; Zhou 2003; Wischmeyer 2001; Zhou 2004). However not
all studies examined all of the outcomes.

Only three studies reported on mortality (n = 111 participants;
Garrel 2003; Zhou 2003; Wischmeyer 2001), for which evidence of
benefit has been found (RR 0.25, 95% CI 0.08 to 0.78). In the same
studies, we noted a statistically significant reduction in length of
hospital stay by 5.6 days (n = 255 participants; 95% CI 3.2 to 8.1)
compared with isonitrogenous control.

Statistical reasoning shows that it is likely that the positive eNects
of glutamine on mortality and length of stay are spurious, but
this finding should not be considered conclusive. Additional trials
would be required to confirm this result.

The same three studies (Garrel 2003; Wischmeyer 2001; Zhou 2003)
reported on infection rates and found no clear evidence of a change
in rates of wound or non-wound infection (RR 0.42, 95% CI 0.16 to
1.06, and RR 0.73, 95% CI 0.27 to 1.95; P value 0.68 and P value 0.92,
respectively).

Administration of glutamine in split boluses separate from enteral
feeds (≥ 0.3 g/kg/d) is described as preferable in a number of
studies, although this has not been shown to have a significant
impact on outcomes. This dosing regimen is thought to provide a
preferentially systemic rather than a gut fuel source, with increased
delivery to the burn wound. Included studies on use of adjuvant
glutamine in major burns would suggest that it is safe. However,
no clear evidence has indicated optimal dosage or duration of
treatment. It is already clear that enteral regimens across the
board are eNective. Two studies on parenteral use of glutamine
neither raised concerns about its use (from a safety point of
view) nor showed clear evidence of benefit for length of stay;
however these studies included only 56 participants, and further
assessment would be warranted (MD -3.84 days, 95% CI -8.63 to
+0.95; Wischmeyer 2001; Zhou 2004).

The latest recommendations from the European Society for
Clinical Nutrition and Metabolism (ESPEN) on nutrition in major
burns suggest strong consideration of glutamine supplementation,
although no comments are provided on dose and route and
duration of administration. The basis for this recommendation
is described as ‘weak evidence’ (Rousseau 2013). Kurmis and
colleagues refer to the enteral route as the most thoroughly
investigated and supported route (Kurmis 2010).

Immunonutrient precursor (ornithine α-ketoglutarate (OKG))

OKG is a precursor of both glutamine and arginine. It has been
shown to trigger release of insulin and growth hormone, both
of which induce trophic changes. The three included studies of
OKG (Coudray-Lucas 2000; De Bandt 1998; Donati 1999) report
that its eNects—versus those of isonitrogenous controls—were not
statistically significant in terms of mortality and length of stay
(RR 0.93, 95% CI 0.37 to 2.36, and RR -4.21, 95% CI -18.87 to
10.45, respectively). One study reported enhanced wound healing
with ornithine α-ketoglutarate supplementation (Coudray-Lucas
2000); this study was prospective and double-blinded, and blinding
methods were not specified. This study gave participants two
boluses each of 10 grams of OKG per day for three weeks.
This precursor is available only in France and is used as a

30 gram daily dose divided into two or three doses. Its use
as an immunomodulator is strongly suggested by the latest
ESPEN recommendations (Rousseau 2013). For this agent, no clear
evidence of its impact on patient outcomes or of its optimal dose
duration has been found. If larger studies were to find benefits with
OKG, more complex trials would be needed to ascertain whether
better outcomes could be attained by supplementation of both
arginine and glutamine compared with their common precursor.

Branched-chain amino acids

Branched-chain amino acids (leucine, isoleucine and valine) are
among the nine essential amino acids. Early reports (Bower 1986)
described the critical care and trauma setting of improvements in
nitrogen balance when compared with use of standard amino acids,
particularly via the parenteral route. One included study (Brown
1990; n = 20) showed no improved outcomes for mortality and
length of stay versus isonitrogenous control (RR 2.5, 95% CI 0.63 to
10.0, and RR 4, 95% CI -27.63 to 35.63, respectively). Visceral protein
concentrations, including prealbumin and retinol-binding protein,
were raised in the branched-chain amino acid group compared
with the standard group, but this was not reflected in outcomes.
This highlights that serum markers used to measure response
to interventions are not always predictive of outcome or of true
nutritional status. Both Kurmis and colleagues and ESPEN have not
recommended the use of BCAAs.

N-3 fatty acids (fish oil)

Fish oils contain the omega-3 fatty acids eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA)—precursors of certain
eicosanoids that are known to reduce inflammation and reduce
immunosuppressive metabolites throughout the body. Despite
ease of administration because fish oil is liquid, this has not been
investigated as an individual agent. One included study (Garrel
1995; n = 25) looked at a low-fat nutritional regimen with and
without fish oil, demonstrating no clear evidence of a diNerence
in mortality or in the presence of non–wound-related infection
(RR 0.41, 95% CI 0.05 to 3.49, and RR 0.31, 95% CI 0.08 to 1.21,
respectively). However, a reduction in overall length of hospital
stay was noted. Therefore this agent has no proven role as a
sole immunonutrient. In addition, according to the latest ESPEN
recommendations, lipid contents of nutrition regimens should be
kept to less than 35% of energy requirements (Rousseau 2013).
Therefore particular care must be taken when n-3 fatty acids are
administered in conjunction with high-lipid drugs (e.g. propofol).
However, again, this is supported only by ‘weak’ evidence.

Combined immunonutrients

Second to glutamine, combined immunonutrient regimens have
been the next most thoroughly investigated. This may reflect their
commercial availability, with the rationale for their use resting on
providing muscle fuel and reducing sepsis. Four included studies
(Gottschlich 1990; SaNle 1997; Toledo 2007; Wibbenmeyer 2006)
report no clear impact on mortality or length of stay (RR 1.1, 95%
CI 0.47 to 2.60, and RR 1.93, 95% CI -4.41 to 8.28, respectively)
versus isonitrogenous controls. No eNects on burn wound infection
rate (RR 0.79, 95% CI 0.51 to 1.2) or non-wound infection rate
(RR 1.16, 95% CI 0.86 to 1.57) were noted. For urinary tract
infection, a trend towards increased events was noted in the
experimental group (RR 2.46, 95% CI 0.98 to 6.2). The concern
associated with these comparative studies is that the control
formula was oOen immunonutritive itself. One study formula
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showed promise (Gottschlich 1990), with reasonable impact on
burn wound infection rates (RR 0.24, 95% CI 0.06 to 0.93) and length
of stay, expressed as days per % TBSA (P value < 0.02). This formula
—with high-protein and low-fat and low-linoleic acid content—
was supplemented with omega-3 fatty acids, arginine, cysteine,
histidine, vitamin A, zinc and ascorbic acid. As there is no possibility
of determining which agent and what dose of that agent led to
improved outcomes, the study poses more questions than answers.

Kurmis and associates do not support use of combination
immunonutrition regimens, and ESPEN has issued no statement
regarding combination therapy.

Overall completeness and applicability of evidence

A large number of studies examining immunonutrition were
excluded from this review. These trials were not randomised
controlled clinical trials, or they did not compare an
immunonutrient intervention versus a control. Also, many articles
were excluded because they reported only biochemical markers
of immune activity—not clinically significant outcomes. Future
studies should focus on study outcomes such as mortality, MOF rate
and rates of sepsis and wound infection in severely burned patients
with more than 20% of body surface area burned, or in patients with
more than 40% of TBSA, to target the most labile population. Other
studies were excluded because they lacked an available English
translation, they contained duplicated data, they were published
in abstract format only or they were animal trials. Only 16 studies
met the inclusion criteria; these trials provide evidence for use
of the various immunonutrients (summarized in Characteristics of
included studies).

Quality of the evidence

Most studies failed in reporting the randomisation methods used
and in specifically reporting how they concealed the randomisation
sequence and the outcome assessment. Many studies were unclear
about or failed to use intention-to-treat principles in their analyses.
In addition, the starting framework for future studies should be
based on multi-centre single agent versus control studies focused
on optimal dosing strategies. This is similar to the methodology
used in phase 1 and 2 trials for new cancer agents, whereby the dose
that achieves the best outcome before signs of toxicity appear is
then used in a larger population.

Potential biases in the review process

Although no conflict of interest was declared in any of the included
studies, potential biases include availability of products (i.e. some
agents will be available or licenced only in certain parts of the
world). Along with this, some of the outcome measures used are
subject to a high degree of variability (e.g. time to healing). It is
for this reason that only four included outcomes were used in this
review, with the greatest quantity of evidence found for mortality
and length of stay.

The review authors acknowledge that there is lag time between
the most recent literature search and the review publication date.
Future updates will incorporate any new studies that may be
suitable for inclusion.

Agreements and disagreements with other studies or
reviews

Nutritional intervention in itself is immune-enhancing and is
essential for improved mortality and infection-related outcomes
(Prelack 2007). This review critically appraises existing evidence
for use of specific immunomodulating agents in burns. Despite
extensive research in this field, unanswered questions remain
in terms of which agent/s, which route, what dose, for how
long and for what gain, if any. Nutritional assessment and
outcome measures need to be clinically and economically valid
to ensure that potential detrimental or beneficial eNects of these
interventions are clear. Two other recent review articles have
addressed this topic (Kurmis 2010; Rousseau 2013), one of which
provides the updated ESPEN recommendations for 2013. A key
conclusion of these reviews is that larger, multi-centre studies
are required in the field of immunonutrition, with a focus on
the addition of single agents at varying doses to determine their
true impact on outcomes. Kurmis 2010 supports the addition of
glutamine to enteral nutrition, despite lack of evidence to support
dose, timing and duration of supplementation. The latest ESPEN
recommendations suggest that glutamine or OKG supplementation
should be strongly considered, although again, no clear instruction
is provided on dosage or timing, and no safe starting point is
given (Rousseau 2013). Neither review recommends key outcome
measures for the future, which are of course essential for clinical
intervention and economic validity.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Although glutamine may provide some beneficial eNect for
mortality, its routine administration to patients with severe
burns cannot be recommended as standard practise, nor can we
pronounce against its use. It is likely that the number of participants
studied for this intervention it is too small to permit robust
statistical conclusions.

No other intervention shows evidence of any eNect on mortality
or secondary outcomes. Therefore evidence on all of the
immunonutrient agents studied is insuNicient.

Implications for research

More studies on the benefits of immunonutrients are required,
especially for the purpose of testing the eNect of glutamine
on mortality. The total sample size needed to permit reliable
conclusions on a 30% relative reduction in mortality risk is
977 participants; this is almost nine-fold the total number of
participants in whom glutamine has been studied in the whole
body of literature. This number of burned persons greatly surpasses
the admission rate of one decade of most burn units worldwide;
thus the only way to obtain an answer to the clinical question is
to perform a large-scale, multi-continent, multi-centre randomised
controlled trial; given the fact that the largest RCT ever published
included 344 participants (Danilla 2009), it is very unlikely that this
trial will ever occur.

Future studies need to be directed, starting with active single
nutrients, to determine ideal and safe doses free from metabolic
or drug interactions and adverse events. Combination regimens
can then include single-agent safe doses with proven successful
outcomes that are then tested as part of polytherapy. This reflects

Immunonutrition as an adjuvant therapy for burns (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

standard pharmacological dosing principles. It is crucial that
studies of burn patients are separated from critical care and
trauma patient studies, as other recent work has also noted
(Kurmis 2010; Rousseau 2013). We know that these patient
groups are very diNerent in terms of physiological demands and
have diNerent nutritional requirements. Specific and accurate
markers of adequate nutrition are essential for monitoring the
success of new regimens alongside clinical outcomes. Future trials
and reviews should consider adverse eNects of immunonutrition
therapy.

Furthermore, we advise study authors to strictly follow CONSORT
guidelines when reporting their findings to minimise bias in
reporting.

The studies listed under Characteristics of studies awaiting
classification may alter the conclusions of this review once
assessed.
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Characteristics of included studies [ordered by study ID]

 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: not report-
ed. Sample size calculation: not reported. Generation of allocation: random numbers table. Alloca-
tion concealment: not reported. Blinded assessment of treatment allocation: not reported. With-
drawals: 3 recruited participants withdrawn (2 deaths, 1 transferred to another unit on day 2). Inten-
tion-to-treat analysis: not reported. Follow-up: not reported

Participants How many enter the study on each arm? 23 participants, 20 analysed (BCAA 4 women and 6 men;
control 1 woman and 9 men)

How many finish the study on each arm? BCAA group 7; control group 2

Mean age: BCAA group 43 years; control group 33 years (overall 38 years)

Mean total burn surface area (TBSA): BCAA 45%; control 49%

Inclusion criteria: consecutively thermally injured patients who required PN for > 7 days and > 10%
TBSA

Exclusion criteria: TBSA < 10%, acute renal failure, liver failure and insulin-dependent diabetes melli-
tus; patients who received steroids within 24 hours of the start of parenteral nutrition

Interventions All participants had parenteral nutrition―isocaloric, isonitrogenous and isovolumic (n = 20):

Experimental/BCAA group (n = 10): modified amino acid solution with 45% BCAA

Control (n = 10): standard amino acid solution with 19% BCAA

Outcomes Death, LOS

Notes Other outcomes (biochemical): C-reactive protein, albumin, prealbumin, fibronectin, etc

Risk of bias

Bias Authors' judgement Support for judgement

Brown 1990 
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Random sequence genera-
tion (selection bias)

Low risk Generated by random numbers sequence

Allocation concealment
(selection bias)

Unclear risk Not described

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Did not address blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 3 participants excluded after randomisation

3 recruited participants withdrawn (2 deaths, 1 transferred to another unit on
day 2)

Other bias High risk No intention-to-treat principle applied

Brown 1990  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: not report-
ed. Sample size calculation: based on previous study (De Bandt 1998). Generation of allocation:
randomisation in blocks of 10, not clear how the blocks were generated. Allocation concealment:
not reported. Blinded assessment of treatment allocation: The term 'double blinded' is used in the
study, but it is unclear how it was applied. Investigators and participants were blind to product identi-
ty, although no further details were given.Withdrawals: 2 died of sepsis (1 from each group) and were
excluded in week 1. Intention-to-treat analysis: not reported. Follow-up: Until 95% of the wound
healed, time was not reported

Participants How many enter the study on each arm? 49 participants, 2 died; therefore 47 included. n = 24 in treat-
ment OKG group; 23 in control group

How many finish the study on each arm? all participants in both groups

Mean age: 37 years OKG; 34 years control

Mean total burn surface area (TBSA): 50% OKG; 48.4% control

Inclusion criteria: age 15 to 60 years, minimum TBSA 25%; on low flow rate continuous enteral nutri-
tion

Exclusion criteria: admission after third postburn day, non-thermal burn, severe associated trauma,
hepatic or renal disease, pregnancy

Interventions All participants received polymeric diet aiming for 50 kcal/kg body weight and 0.4 g nitrogen/kg body
weight, then were prospectively assigned to:

Experimental OKG group (n = 24): received 20 grams ornithine α-ketoglutarate as 2 boluses of 10 g
twice daily

Control (n = 23): received isonitrogenous control/soy protein mixture (Protil-1; Jacquemaire)

Outcomes Mortality

Notes Wound healing, LOS on ICU, survival rate, duration of therapy

LOS not reported in Results section, days to 95% healing reported in a non-reliable format for data ex-
traction

Coudray-Lucas 2000 
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Other outcomes (biochemical): serum transthyretin, plasma phenylalanine, urinary 3MH/Cr

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Unclear how blocks of 10 were generated

Allocation concealment
(selection bias)

Unclear risk Not clear whether the person who enrolled the participant was unaware of the
allocation

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk The term "double blinded" is used in text, but it is unclear how this was ap-
plied. It is not stated for example whether labels were inserted on similar bags
or vials

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 2 of 49 (4.08%) dropped out

2 died of sepsis (1 from each group) and were excluded in week 1

Other bias High risk 2 participants died early after randomisation and were not included

Coudray-Lucas 2000  (Continued)

 
 

Methods RCT, 9 arms: 3 bolus OKG, 3 infusion OKG, 3 control

Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: not report-
ed. Sample size calculation: not reported. Generation of allocation: not reported. Allocation con-
cealment: not reported. Blinded assessment of treatment allocation: not reported. Withdrawals: 6
excluded (death/severe complication/logistical problem). Intention-to-treat analysis: not reported.
Follow-up: 21 days

Participants How many enter the study on each arm? 48 analysed (started with 54); OKG group n = 32: 6 women
and 26 men; control group n = 16: 2 women and 14 men. OKG group divided into bolus (n = 15) and con-
tinuous (n = 17)

How many finish the study on each arm? all participants

Mean age: 33.5 years

Mean total burn surface area (TBSA): 34%

Inclusion criteria: admitted for thermal injury with TBSA 20% to 50%

Exclusion criteria: admission 24 hours after injury, renal or hepatic failure, age < 15 or > 60 years, no
enteral nutritional support

Interventions All participants received enteral nutrition with Osmolite for 24 to 48 hours post injury followed by com-
mercial polymeric NG infusion

Experimental group (n = 32): supplemented with OKG (10, 20 or 30 gram bolus per day) or OKG as in-
fusion (10, 20 or 30 g/d)

Control group (n = 16): received isonitrogenous control/soy protein mixture (Protil-1; Jacquemaire)

Outcomes Mortality, LOS, sepsis: defined as 2 consecutive blood cultures yielding the same organism

Notes Intervention group arms were merged for analysis into OKG and control groups

De Bandt 1998 
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Weighted means and SDs used

Other outcomes (biochemical): weight loss, nitrogen balance, urinary excretion of 3MH and hydrox-
yproline, plasma glutamine and ornithine

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation table

Allocation concealment
(selection bias)

Unclear risk Not stated

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Did not address blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 6 (11.1%) participants excluded after randomisation:

1 intestinal haemorrhage

1 cardiac arrest

2 deaths (respiratory failure and renal failure)

2 enteral diet not available (Dripsol 81)

Other bias High risk No ITT analysis

De Bandt 1998  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: not report-
ed. Sample size calculation: not reported. Generation of allocation: not reported. Allocation con-
cealment: not reported. Blinded assessment of treatment allocation: not reported. Withdrawals:
not specifically reported but all 60 included. Intention-to-treat analysis: not reported. Follow-up: 21
days

Participants How many enter the study on each arm? 60 adults: n = 31 randomly assigned to OKG group (treat-
ment with ornithine α-ketoglutarate) and n = 29 to placebo/control group (isocaloric, maltodextrins)

How many finish the study on each arm? all participants in both groups

Mean age: 37 years in treatment group, 39 years in control group

Mean total burn surface area (TBSA): 32%

Inclusion criteria: 20% to 60% TBSA

Exclusion criteria: pulmonary burns; septicaemia; hepatic, renal or cardiac failure; diabetes; pregnan-
cy

Interventions After shock resuscitation and when digestive capacity had recovered (intestinal sounds present)

All participants received NG (n = 23 treated and n = 22 placebo) or oral enteral feed (n = 8 treated and n
= 7 placebo)

Experimental OKG group (n = 31): received 20 grams ornithine α-ketoglutarate as 2 boluses of 10 g
twice daily

Donati 1999 
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Control (n = 29): received isocaloric placebo as 2 × 10 grams maltodextrins

Outcomes Infection incidence:

Local infectious

Systemic infectious

Notes GraO quality and wound healing measures not reliable, no data extracted

Other outcomes (biochemical): nitrogenated balance, plasmatic TTR, RBP, graO quality, weight, quality
of wound healing

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Not reported: "after blindness removal" mentioned

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not reported. Not clear whether there were exclusions after randomisation

Other bias High risk Not reported

Donati 1999  (Continued)

 
 

Methods Design: randomised controlled trial, 3 arms: control, low fat (not used on this SR), low fat with fish oil.
Multi-centre or single-centre: single-centre. Period: September 1990 to September 1994. Sample
size calculation: not reported. Generation of allocation: random numbers table. Allocation conceal-
ment: individual responsible for participant's inclusion was not aware in advance to which group the
participant would be assigned. Blinded assessment of treatment allocation: Nursing staN and sur-
geons were not aware of the types of nutritional support received by participants, nor did they know
whether or not a participant was receiving the study intervention. Not stated whether different treat-
ments were identical. Withdrawals: 6 of 43 participants died before completion of the trial and were
excluded from analysis. Intention-to-treat analysis: not done. Follow-up: unclear; apparently 25 days

Participants How many enter the study on each arm? 43 participants: control 16; LF1 (not omega-3) 14; LF2 (fish
oil) 13

How many finish the study on each arm? 37 participants: control 13 (11 M, 2 F); LF1 12 (9 M,3 F); LF2
12 (9 M, 3 F)

Mean age: control 39.8 years; experimental (LF2) 36.3 years

Mean TBSA: control 39%; experimental (LF2) 39%

Inclusion criteria: thermal burns > 20% TBSA (not including 1st-degree burn), admitted within 24
hours after injury

Garrel 1995 
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Exclusion criteria: age > 65 years old, BMI > 30, diabetes, chronic visceral insufficiency, long-term use
of alcohol or cocaine

Interventions Experimental (LF2) (n = 12): 15% fat (50% fish oil); 60% carbohydrate; 25% protein

Control (n = 13): 35% fat; 40% carbohydrate; 25% protein

Outcomes Pneumonia: positive sputum culture, use of ABx and radiological findings

LOS: “length of care”: time required for participants' wounds to heal (grafted and ungrafted)

Mortality

Notes Other outcomes: biochemical changes, WCC, sepsis score, amount of insulin received, ARDS

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random numbers table

Allocation concealment
(selection bias)

Low risk Individual responsible for participants' inclusion was not aware in advance to
which group participants would be assigned

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Nursing staN and surgeons were not aware of the types of nutritional support
received by participants, nor did they know whether or not participants were
receiving the study intervention. Not stated whether different treatments were
identical

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 6 participants died and were not evaluated

Other bias Unclear risk Unclear whether ITT was applied

Garrel 1995  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: July 1998
to May 2001. Sample size calculation: not reported. Generation of allocation: randomisation by ran-
dom numbers tables stratified by TBSA: 2% to 40%/40% to 60%/60% to 80%. Allocation concealment:
Investigator was blinded to randomisation sequence. Blinded assessment of treatment allocation:
not reported. Withdrawals: 45 participants were randomly assigned; 3 died in the first 72 hours and
1 could not receive enteral feedings so did not receive glutamine. These 4 participants were included
only in the mortality analysis and were not included for other outcomes. Intention-to-treat analysis:
used for mortality analysis but not for other outcomes. Follow-up: not reported

Participants 45 recruited; 45 analysed for mortality data and 41 for other outcomes

How many enter the study on each arm? 45 participants: 4 excluded (2 control, 2 glutamine); control
22 (21 M,1 F); glutamine 19 (16 M, 3 F)

How many finish the study on each arm? 41 participants: control 22 (21 M,1 F); glutamine 19 (16 M,3
F)

Mean age: control 38 years; glutamine 39 years

Mean total burn surface area (TBSA): control 42%; glutamine 40%

Garrel 2003 
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Inclusion criteria: 45 adult patients admitted to the burn centre within 24 hours of thermal injury who
sustained 2nd- or 3rd-degree burns to at least 20% but less than 80% of total body surface area

Exclusion criteria: age > 65; total body surface area burn > 80%; pregnancy; chronic illness: respirato-
ry, cardiac or renal insufficiency; cancer

Interventions Before 48 hours of admission by nasoenteral tube:

Experimental (n = 19): glutamine (Cambridge Neutraceutical, Boston, MA) 4.3 grams 4 times a day (26
grams/d)

Control (n = 22): isonitrogenous mixture of aspartic acid, asparagine and glycine

All participants received nasoenteral feeding by the following formula: 15% fat, 20% protein, 65% car-
bohydrate (Sandosource, Novartis, Minneapolis, MN) with no immunonutrient. Total energy require-
ments were calculated using the Curreri formula and were adjusted for measurement of energy expen-
diture by indirect calorimetry

Outcomes Overall mortality: ITT, per-protocol

LOS: “length of care”: time required for participant's wounds to heal (grafted and ungrafted)

Positive blood culture: unspecified definition

Number of participants with gram-negative bacteria

Wound infection: wound swab

Notes Other outcomes (biochemical): phagocytosis by blood polymorphonuclear cells, IL-6, IL2Ra, serum glu-
tamine

Erratum (2004 reference) taken into count. Data extracted from 2003 article

Number of ventilated participants, number of days with mechanical ventilation, number of participants
with LIS < 5, number of days with LIS < 5, LOC days, LOC days/TBSA, number of deaths (ITT), number
of blood cultures per participant, number of participants with PBC, number of participants with PBC
+ Pseudomonas aeruginosa, number of participants with > 2 days of PBC, number of PBC days/partici-
pant, % of study time with > 3 antibiotics, number of participants with wound infection

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random numbers tables stratified by burn severity

Allocation concealment
(selection bias)

Low risk Randomization sequence concealed

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Blinding not stated in Methods section

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis when possible

Other bias Low risk  

Garrel 2003  (Continued)
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Methods Design: randomised controlled trial. Multi-centre or single-centre: multi-centre (Cincinnati Shriners
Burns Institute or University Hospital). Period: April 6, 1986, to May 20, 1988. Sample size calculation:
not specified. Generation of allocation: random numbers table stratified for age, institution and burn
size. Allocation concealment: not reported. Blinded assessment of treatment allocation: Tube feed-
ing was blinded in such a fashion that all physicians, nurses, laboratory technicians and other clinical
and research personnel were not aware to which group participants were assigned. Withdrawals: none
reported. Intention-to-treat analysis: none reported (no withdrawals). Follow-up: not reported

Participants 50 participants

Group 1 control: 14 (11 male, 1 female); group 2 experimental: 17 (14 male, 3 female); group 3 control:
19 (12 male, 7 female)

Mean age: group 1, 15.1 years; group 2, 21.3 years; group 3, 21.3 years

Mean TBSA: group 1, 38.3%; group 2, 45.0%; group 3, 38.6%

Inclusion criteria: acutely burned patients (> 3 years old), burns > 10% TBSA, admitted within 5 days of
burn injury

Interventions Control 1 (group 1): Enteral Osmolite/Promix + Nutrisource Vitamins

Experimental (group 2): modular tube feeding recipe; linoleic acid–restricted formulation

Protein: Whey 87%; arginine 9%; cysteine 2%; histidine 2%

Fats: 50% fish oil (omega-3 fatty acids); 50% safflower oil

Control 2 (group 3): Traumacal (1 kcal/mL) + Nutrisource Vitamins

All groups: additional 5000 IU of vitamin A per 1000 mL. All participants also received daily oral supple-
ments of 1 gram vitamin C and 220 mg heptahydrous zinc sulfate (46 mg elemental zinc)

Outcomes Overall mortality and causes

Hospital LOS (days/%burn)

Total infectious episodes: bacteraemia + wound infection + pneumonia

Clinical sepsis: presence of 3 of the following events: positive blood culture, disorientation, ileus, hy-
potension, increased fluid requirement, decreased urine output, leukopaenia, hypothermia, metabolic
acidosis, thrombocytopenia, decreased progression of wound healing, pulmonary failure, renal failure,
hepatic dysfunction, stress ulceration, tachypnoea or tachycardia

Bacteraemia: required positive blood culture and clinical need for antibiotic therapy

Wound infection: positive wound culture greater than 105 CFU/g tissue, systemic antibiotic treatment
or significant graO loss

Pneumonia: positive sputum culture with consistent radiographic changes upon chest x-ray and sys-
temic antibiotic therapy

Notes Other outcomes: tolerance of tube feeding, days requiring antibiotics, number of ventilator days, num-
ber of surgeries, days requiring albumin infusion, biochemical measures, weight

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random numbers table stratified for age, institution and burn size

Gottschlich 1990 
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Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Tube feeding was blinded in such a fashion that all physicians, nurses, labora-
tory technicians and other clinical and research personnel were not aware to
which group participants were assigned

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No withdrawals from study. 50 participants included and analysed but not
clearly specified

Other bias Unclear risk Sample size calculation not reported, ITT not reported, follow-up not reported

Gottschlich 1990  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: not report-
ed. Sample size calculation: not reported. Generation of allocation: not reported. Allocation con-
cealment: not reported. Blinded assessment of treatment allocation: not reported. Withdrawals:
no withdrawals. Intention-to-treat analysis: not reported. Follow-up: not reported

Participants How many enter the study on each arm? all together 60 participants (36 men + 24 women): glutamine
alone 20, glutamine + rhGH 20, control 20

How many finish the study on each arm? all finished on each arm

Mean age: glutamine alone 39.2 ± 12.9 years; glutamine + rhGH 38.2 ± 10.8 years; control 38.4 ± 11.4
years

Mean total burn surface area (TBSA):

Glutamine alone 62.9 ± 12.7% with 33.6 ± 7.6% TBSA, 3rd-degree burns

Glutamine + rhGH 61.2 ± 14.9% with 32.9 ± 7.9% TBSA, 3rd-degree burns

Control 60.3 ± 14.8% with 32.9 ± 8.3% TBSA, 3rd-degree burns

Inclusion criteria: admission to burn unit within 2 hours post injury, no severe inhalational injury,
TBSA 30% to 80%, 3rd-degree burn > 20% TBSA, age 19 years to 65 years

Exclusion criteria: See above

Interventions Experimental: glutamine alone (n = 20): glutamine granules 0.5 g/kg/d (oral with warm water). Treat-
ment started on day 1 post injury and ended on day 14. 2nd-degree and 3rd-degree burn wounds re-
ceived SD-Ag. Most 3rd-degree burn wounds received escharotomy and skin grafting between days 3
and 5. Participants in shock received fluid resuscitation. Venous blood samples were taken on days 1, 7,
14 and 21 post injury

Glutamine + rhGH (n = 20): same as glutamine alone group but plus subcutaneous rhGH injections (0.2
U/kg/d) from day 7 to day 14 post injury

Control (n = 20): Same amount of placebo (glycine) was given according to same instructions as for
glutamine alone group. All other interventions were the same

Outcomes  

Notes Only glutamine alone group was used for pooled analysis as experimental group

Risk of bias

Lu 2004 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not reported

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All together 60 participants were scrutinised. All were assessed for final analy-
sis

Other bias High risk No ITT reported; no sample size calculation reported

Lu 2004  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: April 2001
to January 2003. Sample size calculation: not reported. Generation of allocation: not reported. Allo-
cation concealment: not reported. Blinded assessment of treatment allocation: yes. Withdrawals:
not clear. Intention-to-treat analysis: not reported. Follow-up: not reported

Participants 48 adults, 30% to 75% TBSA, mean 50.95 ± 10.51% (glutamine group: 11 women and 14 men; control
group: 8 women and 15 men)

Mean age: 36.5 years

Inclusion criteria: not reported

Exclusion criteria: not clear; patients with inhalation injury or need for mechanical ventilation and any
history of gastrointestinal tract, cardiovascular, liver or renal disease were excluded, apparently after
they had been recruited

Interventions All received 180 kcal/kg/d and 2 g/kg/d proteins, with non-protein energy (kcal)-to-N (g) ratio 150:1

Active (n = 25): glutamine granules 0.5 g/kg/d

Control (n = 23): placebo 0.5 g/kg/d

Outcomes Clinical: LOS

Notes Other outcomes (biochemical): plasma glutamine concentration, plasma diamine oxidase activity, in-
testinal mucosal permeability, plasma endotoxin level

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not stated

Allocation concealment
(selection bias)

Unclear risk Not stated

Peng 2004b 
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Blinding (performance
bias and detection bias) 
All outcomes

Low risk Test and control solutions were packed at the same size, and packaging ma-
terials had the same appearance. Neither participants nor investigators knew
whether the applied enteral nutrition regimen was with or without glutamine

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not stated

Other bias Unclear risk Not stated

Peng 2004b  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: November
1993, finish date not reported. Sample size calculation: not reported. Generation of allocation: ran-
domisation stratified by burn size, but generation of the sequence not reported. Allocation conceal-
ment: concealed. Blinded assessment of treatment allocation: yes. Withdrawals: 1 participant. In-
tention-to-treat analysis: not reported. Follow-up: followed until discharge; all participants complet-
ed the study; mean follow-up 20 days

Participants 50 recruited, 49 analysed

Experimental: 5 women and 20 men

Control: 3 women and 21 men

Mean age: 37 years

Mean TBSA: 35%

Inclusion criteria: patients 4 years of age or older admitted to Intermountain Burn Center for treat-
ment of acute burns if they were predicted to require enteral nutritional support for at least 7 days, and
if feedings could be started within 48 hours of injury

Exclusion criteria: patients not anticipated to survive, or who had evidence of concomitant renal or
liver disease or diabetes; those recently treated with cancer chemotherapy or corticosteroids; patients
for whom informed consent could not be obtained. Consent was sought only after enteral feeding
tubes had been placed

Interventions Early enteral feeding

Control (n = 24): Replete (Clintec, Deerfield, IL)

Experimental (n = 25): Impact: omega-3 FFAs, arginine and RNA (Sandoz Nutrition, Minneapolis, MN)

Outcomes Clinical: mortality, LOS changes

Notes Other outcomes: biochemical changes, blood urea nitrogen, serum creatinine, aspartate aminotrans-
ferase, alanine aminotransferase, alkaline phosphatase, gamma-glutamyltransferase, total bilirubin,
serum albumin and serum transferrin, total urinary creatinine, urinary nitrogen, nitrogen balance and
total nitrogen intake on the day preceding injury

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomisation stratified by burn size: 0% to 20%, 21% to 40% and > 40%
TBSA. Generation of the sequence not clear

SaCle 1997 
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Allocation concealment
(selection bias)

Low risk Randomising and dispensing of both products was controlled by the Research
Pharmacy at the University of Utah Medical Center

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Unlabelled bags containing appropriate products were delivered to each par-
ticipant daily so that investigators, participants and burn centre staN were
blinded to randomisation

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants analysed, sensitivity analysis performed

Other bias Unclear risk Not clear whether ITT was used

SaCle 1997  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: April 2003
to December 2004. Sample size calculation: yes. Generation of allocation: random numbers tables
in blocks of 4 generated by computer. Allocation concealment: concealed to all study participants.
Blinded assessment of treatment allocation: placebo for all interventions identical to active formu-
las. Withdrawals: no. Intention-to-treat analysis: yes. Follow-up: All participants were followed until
discharge from the hospital

Participants 41 recruited, 41 analysed

Experimental: 2 women and 21 men

Control: 1 woman and 17 men

Mean age: 32.3 years

Mean TBSA: 7.3%

Inclusion criteria: work-related injury caused by flame, hot liquids, steam, contact or chemical; burn
area > 2% of deep partial-thickness or full-thickness or > 15% TBSA; between 18 and 65 years of age

Exclusion criteria: electrical burn, smoke inhalation injury, refractory shock at admission, mechanical
ventilation requirement at admission, serious psychiatric illness, chronic liver and kidney failure, im-
munodeficency, diabetes mellitus, previously malnourished, morbid obesity, > 12 hours from injury to
admission, pregnancy

Interventions All participants received standard intake with 80 g proteins and 2500 kcal

Experimental (n = 23): glutamine 30 grams TID + calcium caseinate 30 grams TID + zinc 200 mg/d +
multi-vitaminic complex

Control (n = 18): placebo

Outcomes Main outcomes: LOS, weight loss, sepsis, need for enteral support, death

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated in blocks of 6

Toledo 2007 

Immunonutrition as an adjuvant therapy for burns (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

34



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Allocation concealment
(selection bias)

Low risk Sealed boxes of identical appearance with non-identifiable numbers

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Placebo for all interventions

Incomplete outcome data
(attrition bias) 
All outcomes

High risk All participants who entered were analysed

Other bias Low risk Intention-to-treat analysis performed, outcomes clearly defined

Toledo 2007  (Continued)

 
 

Methods Design: double-blind randomised controlled trial. Multi-centre or single-centre: single-centre. Peri-
od: July 2002 to August 2004. Sample size calculation: not reported.

Generation of allocation: not reported. Allocation concealment: consecutively numbered sealed en-
velopes. Blinded assessment of treatment allocation: yes, by identical products dispensed by nutri-
tion department. Withdrawals: 3 participants. Intention-to-treat analysis: not reported. Follow-up:
6 months (mortality)

Participants 23 recruited, not clear how many were analysed for primary outcome

Experimental: 3 women and 9 men

Control: 2 women and 9 men

Mean age: ˜ 35.6 years

Mean TBSA: 35.6%

Inclusion criteria: older than 18 years of age, burns > 20% TBSA, admitted to our burn unit within 12
hours of injury

Exclusion criteria: participation in another clinical study, not expected to need enteral nutrition, preg-
nancy or lactation, allergy to seafood

Interventions All isonitrogenous enteral intragastric feeding within 48 hours of admission

Experimental (n = 12): arginine 10 + omega-3 3.5 (Crucial, Nestle Nutrition, Glendale, CA; 1.5 kcal/mL,
94 g protein/L)

Control (n = 11): arginine 1.1 + omega-3 1.7 (ProBalance with Promix, Probalance from Nestle, Glen-
dale, CA; ProMix R.D., Promix from Navaco Laboratories, Phoenix, AZ; to equal 1.4 kcal/mL, 94 g pro-
tein/L)

Because of differences in vitamin C content, control group received supplemental vitamin C elixir
through nasogastric tube. Intervention group received placebo

Study formula continued until > 50% calorie requirement taken orally

Outcomes Time to donor site healing: by visual clinical assessment

Infection: primary (detected on blood cultures with no specific source), secondary (UTI, pneumonia),
wound infection (diagnosis based on Peck’s guidelines)

Mortality: at 3 months and 6 months post discharge

Wibbenmeyer 2006 
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Other: weight maintenance

Notes Other outcomes: (biochemical) C-reactive protein, creatinine, prealbumin

Supported by Nestle

Study authors contacted, data for pooled analysis provided by study authors in a letter

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation for the Crucial study was done using the method of permuted
blocks, with blocks of size n = 4 and n = 6. This method ensured approximately
equal numbers of participants in each arm during the course of the study

Allocation concealment
(selection bias)

Low risk Allocation was assigned in consecutively numbered sealed envelopes

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Only the dietician was aware of the blinding. The formula was premixed in the
dietary area and was marked with participants' names and the words 'Study
formula.' The study formula was placed in the unit refrigerator by dietary staN.
Our unit nutritionist was the only person aware of the allocation

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Participants withdrawn from the study after randomisation not analysed.
Study flow chart not presented; 3 participants excluded after randomisation;
not clear whether the 23 included participants were analysed

Note from study authors: "We looked at 26 patients for the study. One patient
was withdrawn after 12 hours by the PI secondary to impending renal failure.
One patient withdrew from the study (perceived dietary intolerance). One pa-
tient was removed prior to study start by the IRB because the consent had the
wrong date on it. The final group was composed of 23 patients. One patient
not included in wound healing analysis (FAD/intervention group) due to herpes
infection at donor sites"

Other bias Low risk ITT performed, sample size calculated a priori

Wibbenmeyer 2006  (Continued)

 
 

Methods Design: prospective double-blind randomised controlled trial. Multi-centre or single-centre: sin-
gle-centre. Period: February 1998 to August 1999. Sample size calculation: not done. Generation of
allocation: computer generated. Allocation concealment: yes. Blinded assessment of treatment al-
location: yes. Withdrawals: adequately described. Intention-to-treat analysis: vulnerate because
exclusion criteria applied after randomisation. Follow-up: all included participants followed up for 30
days or until discharge from ICU

Participants 31 recruited, 26 analysed

Glutamine group: 1 woman and 11 men

Control group: 2 women and 12 men

Mean age: 34.5 years

Inclusion criteria: age > 2 years, admission within 72 hours of burn injury, total burn surface area >
25%

Mean TBSA: ˜ 50%

Wischmeyer 2001 
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Exclusion criteria: severe hepatic or renal disease, pregnancy, death within 72 hours of admission, in-
ability to obtain informed consent from patient or suitable proxy

Interventions Both groups received standard care; feeds started within 48 hours of admission; Pro-Balance (Nestle,
IL) was standard enteral diet with no added immunonutrients. TPN available as alternative. Treatment
continued for duration of ICU stay

Experimental (n = 12): IV L-glutamine (0.57 g/kg/d) given as continuous infusion over 24 hours

Control (n = 14): IV isonitrogenous amino acid solution

Outcomes Positive blood cultures: within 30 days of admission; decision of whether to take cultures made by in-
tensivist

Antibiotic usage: within 30 days

Mortality: during hospital stay

Other clinical: date of first surgery, number of surgeries, LOS on ICU

Notes Other outcomes (biochemical): transferrin, prealbumin, C-reactive protein

Around half of participants had inhalational lung injury

All participants had areas of full-thickness burn

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated

Allocation concealment
(selection bias)

Low risk Randomisation generated by the pharmacist, who did not participate in par-
ticipant care

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Unlabelled bags containing the appropriate solution were delivered to each
participant daily so that investigators, participants and burn centre staN were
blinded to randomisation. The 2 solutions were identical in appearance

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 5 of 31 (16.1%) excluded after randomisation (application of exclusion criteria
after randomisation)

Other bias High risk Intention-to-treat analysis not applied

Supported in part by grant from IVONYX Home Care, Plano, TX, who also pro-
vided IV amino acid solutions

Wischmeyer 2001  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre.Period: not report-
ed. Sample size calculation: not reported. Generation of allocation: random numbers table. Allo-
cation concealment: not reported.Blinded assessment of treatment allocation: not reportedWith-
drawals: no withdrawals. Intention-to-treat analysis: not reported.Follow-up: not reported

Participants 30 recruited: 15 in each group

Mean age: treatment group 42 ± 3.4 years; control group 36.8 ± 4.6 years

Zhou 2002 
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Mean total burn surface area (TBSA): treatment group 66.1 ± 5.2% with 38.1 ± 6.2% TBSA, 3rd-degree
burns; control group 62.6 ± 8.1% with 36.6 ± 4.8% TBSA, 3rd-degree burns

Inclusion criteria: admission to the burn unit within 6 hours post injury, TBSA 30% to 60%, 3rd-degree
burn > 20% TBSA, age 18 to 60 years

Exclusion criteria: inhalation injury

Interventions Experimental (n = 15): glutamine dipeptide powder 0.5 g/kg/d (oral with warm water). Treatment last-
ed 12 days. 2nd-degree and 3rd-degree burn wounds received SD-Ag. Most 3rd-degree burn wounds re-
ceived escharotomy and skin grafting on day 5 post injury. Participants in shock received fluid resusci-
tation

Control (n = 15): Same amount of placebo was given according to the same instructions as for the
treatment group. All other interventions were the same

Outcomes Length of stay

Wound healing

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random numbers table

Allocation concealment
(selection bias)

Unclear risk Not reported

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants analysed

Other bias High risk ITT not reported, sample size calculation not reported

Zhou 2002  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: not stated.
Sample size calculation: not stated. Generation of allocation: computer generated. Allocation con-
cealment: concealed. Blinded assessment of treatment allocation: yes. Withdrawals: 1/41 (2.4%).
Intention-to-treat analysis: no. Follow-up: not clearly stated

Participants 41 recruited, 40 analysed (no data on gender)

Mean age: 41 years

Mean TBSA: 67.5%

Inclusion criteria: 18 to 50 years old, TBSA 50% to 80%, 3rd-degree 20% to 40%

Exclusion criteria: smoke inhalation injury/other respiratory injury

Zhou 2003 

Immunonutrition as an adjuvant therapy for burns (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

38



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Interventions Both groups received standard enteral formula

Experimental (n = 20): 0.35 grams L-glutamine/kg/d (enteral)

Control (n = 20): isocaloric, isonitrogenous balanced aminoacid mix

Participants had no oral food intake until PBD + 12, then received unsupplemented formula with addi-
tional food intake permitted

Outcomes Wound infection: clinical examination of skin graO site on PBD + 12, wound swabs

Wound healing: % of wound assessed as being healed on PBD + 30

Notes Other outcomes: costs, plasma amino acids, gut permeability, plasma endotoxin

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated

Allocation concealment
(selection bias)

Low risk Feeds prepared by pharmacist, who did not take care of participants

Blinding (performance
bias and detection bias) 
All outcomes

Low risk All study participants blinded; enteral feeding identical in colour, texture,
smell and taste

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 1 of 41 participants not analysed (developed gastric stress ulcer PBD + 2)

Other bias High risk Intention-to-treat analysis not performed. Study supported in part by a grant
provided by company that manufactured the glutamine

Zhou 2003  (Continued)

 
 

Methods Design: randomised controlled trial. Multi-centre or single-centre: single-centre. Period: not stat-
ed. Sample size calculation: not stated. Generation of allocation: random numbers table. Allocation
concealment: envelope. Blinded assessment of treatment allocation: yes. Withdrawals: none. In-
tention-to-treat analysis: NA. Follow-up: to 12th postoperative day

Participants 30 recruited: 15 in each group

Mean age: treatment group 34.6 ± 7.8 years; control 33.4 ± 8.1 years

Mean total burn surface area (TBSA): treatment group 40.7 ± 6.8% with 19.3 ± 4.2% TBSA, 3rd-degree
burns

Control: 39.1 ± 6.3% with 20.9 ± 3.9% TBSA, 3rd-degree burns

Inclusion criteria: patients with severe burns (total body surface area burns 30% to 50%; 3rd-degree
burns 15% to 25%) following major escharotomy

Exclusion criteria: respiratory injury or smoke inhalation, multi-trauma, septicaemia, diabetes, chron-
ic renal disease, liver disease

Zhou 2004 
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Interventions Participants received isocaloric and isonitrogenous parental nutrition (PN) solution for 12 days
Control participants received standard amino acid solution (Novamine, 18AA-II, SSPC, Wuxi, China), in-
fused at a rate of 0.2570.05 gN/kg bw/d. Total energy supply was 3575 kcal/kg bw/d. Ratio of non-pro-
tein calories to nitrogen was 150:1

Gln group received alanyl-glutamine dipeptide (ala-gln) solution (Dipeptiven, Fresenius Kabi, Bad Hom-
burg, Germany) at a dose of 0.5 g/kg bw/d corresponding to 0.35 g L-glutamine/kg bw/d. Isonitroge-
nous regimen in the control group was achieved by adding corresponding amounts of nitrogen in the
form of Novamine

Outcomes Length of stay

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random tables

Allocation concealment
(selection bias)

Low risk Envelope for randomisation. Pharmacist performed randomisation

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Outside look of the 3 L bags was similar; physicians, nursing staN and laborato-
ry workers were not aware of the procedure

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants analysed. No dropouts reported

Other bias Low risk  

Zhou 2004  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abribat 2000 No immunonutrition intervention; no clinical outcomes

Alexander 1980 No immunonutrition intervention

Alpers 2006 Not an RCT

Anisimova 2005 Not an RCT

Barbosa 2006 Animal study

Berger 1996 No immunonutrition intervention; trace elements only (Cu, Se, Zn)

Berger 1998 No immunonutrition intervention; trace elements only (Ca, Se, and Zn); not included in proto-
colised interventions in the systematic review

Berger 2003 Not an RCT; narrative review
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Study Reason for exclusion

Berger 2006 Not an RCT; narrative review

Berger 2007 No immunonutrition intervention; trace elements only (Cu, Se, Zn)

Berger 2007a No immunonutrition intervention

Bernier 1998 Data duplicated from Garrel 2005

Cai 2006 Animal study

Cen 1999 No relevant outcomes

Chen 1999 Animal study

Chen 2001 No relevant outcomes

Chen 2006 No relevant outcomes

Chuntrasakul 1998a Not an RCT; mixed population

Chuntrasakul 2003 Not an RCT; mixed population

Cynober 1984 Not an RCT; no outcomes

De Bandt 2006 Not an RCT; narrative review

Demling 2000 Not an RCT; narrative review

Dhanraj 1997 No immunonutrition intervention

Donati 1983 Not an RCT; narrative review

Dunn 2008 No immunonutrition intervention

Furukawa 1997 No burned participants

Garcia-De-Lorenzo 2005 No immunonutrition intervention (omega-6 fatty acid)

Garrel 2004 Not an RCT; letter to editor

Garrel 2004a Erratum to Garrel 2003

Ge 2003 No relevant outcomes

Gore 2005 Not an RCT; not an immunonutrition study

Griffiths 2001 Not an RCT; narrative review

Guo 2007 Animal study

Hansbrough 1995 No immunonutrition intervention

Herndon 1987 No immunonutrition intervention

Horton 1998 Animal study
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Study Reason for exclusion

Jacobs 2004 Not an RCT; clinical practice guideline

Jaffin 1994 Not an RCT; narrative review

Jenkins 1994 No immunonutrition intervention

Jiang 2002a Not an RCT

Juang 2007 Not an RCT; retrospective case control study

King 1990 No relevant outcomes

Krenitsky 2006 Not an RCT; narrative review

Kreymann 2006 Not an RCT

L-arginine Not an RCT

Le 1997 No relevant outcomes

Le 1999 Animal study

Leboucher 1997 Animal study

Liljedahl 1982 Not an RCT; no outcomes

Lu 1993 Not an RCT

Lu 2003 Animal study

Lu 2005 No relevant outcomes

Lu 2006 No relevant outcomes

Lu 2006a Animal study

Manelli 1984 No relevant outcomes

Manelli 1984c Not available

Marin 2002 Congress abstract; complete study published and included

Marin 2003 Congress abstract; complete study published and included

Marin 2006 No relevant outcomes

Mayes 2008 Not an RCT

Melis 2004 Not an RCT

Montejo 2003a Not an RCT

Murakami 2007 Animal study

NCT00181753 Outcomes not relevant

Immunonutrition as an adjuvant therapy for burns (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

42



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

NCT00216970 Outcomes not relevant

NCT00216983 Outcomes not relevant

NCT00216996 Outcomes not relevant

NCT00217035 Outcomes not relevant

NCT00536276 No immunonutrition intervention

Ogle 1994 Not an RCT

Pacifico 2005 Not an RCT; narrative review

Peck 2004 No immunonutrition intervention

Peng 2004 Participants not solely burn patients

Peng 2004a Participants not solely burn patients

Peng 2004c No relevant outcomes

Peng 2005 Participants not solely burn patients

Peng 2005a Study duplicate of Peng 2004a

Peng 2005b Participants not solely burn patients

Peng 2006 Participants not solely burn patients

Peng 2006a Study duplicate of Peng 2004a

Volume 32, Issue 5, August 2006, pp 589–593

Purdue 2007 Not an RCT; narrative review

Rimdeika 2006 No immunonutrition intervention

Saffle 2003 Not an RCT; narrative review

Sheridan 2004 Not an RCT; cross-over study with 9 participants

Taylor 1999 Not an RCT

Wilmore 2001 Not an RCT; narrative review

Windle 2006a Not an RCT (systematic review); references extracted

Wischmeyer 2005 Not an RCT

Yan 2005 No relevant outcomes

Yan 2007 No relevant outcomes

Yu 1988 Not an RCT; cross-over study
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Study Reason for exclusion

Yu 1995 Not an RCT; cross-over study

Yu 2001 Not an RCT

 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods  

Participants  

Interventions  

Outcomes  

Notes In French; translation being sought

Badetti 1994 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Blass 2012 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Abstract only; data on intervention and control groups not available; attempts made to contact
study author (April 2014) will be followed up

Chakravarty 2002 

 
 

Methods  

Chuntrasakul 1998b 
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Participants  

Interventions  

Outcomes  

Notes Full text not available; attempts made to contact study author (April 2014) will be fol-
lowed up

Chuntrasakul 1998b  (Continued)

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Full text not available; attempts made to contact study author (April 2014) will be fol-
lowed up

Chuntrasakul 1999 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Cucereanu-Badica 2013 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Full text not available

Hartman 1994 
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Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Heyland 2013 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Kesey 2013 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Lekmanov 2013 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Full text not available

Liljedahl 1972 
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Methods  

Participants  

Interventions  

Outcomes  

Notes Will be incorporated into next update of the review

Najmi 2014 

 
 

Methods Study type: interventional
Study design: randomised
Endpoint classification: efficacy study
Intervention model: parallel assignment
Masking: open label
Primary purpose: treatment

Participants Inclusion criteria: thermic burn from 20% to 80%, 15 < age < 70 years, written informed consent
Exclusion criteria: diabetes mellitus, corticoid or immunosuppressive therapy, HIV, evolutive can-
cers, pregnancy, abdominal lesion, hepatic or renal failure

Interventions Arm 1: total enteral tube feeding with Crucial for at least 14 days and at most 6 months; Apports
depend on method of Curreri
Arm 2: total enteral tube feeding with Sondalis HP for at least 14 days and at most 6 months. Ap-
ports depend on method of Curreri

Outcomes Primary outcome measures: number of infections, number of multiple organ failures (time frame:
6 months)
Secondary outcome measures: digestive tolerance, healing (time frame: 6 months)

Notes clinicaltrials.gov register NCT00561210

Trial completed but results outstanding; attempts made to contact study author (April 2014) will be
followed up

NCT00561210 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Pattanshetti 2009 
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Methods  

Participants  

Interventions  

Outcomes  

Notes Full text not available/foreign language study; attempts made to contact study author (April
2014) will be followed up

Peng 2001 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Full text not available

Petrovskii 1969 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Pérez-Bárcena 2012 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Sun 2013 
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Methods  

Participants  

Interventions  

Outcomes  

Notes Data from repeat search (2014) not yet fully analysed and incorporated into the review

Vivic 2013 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes In Chinese; attempts made to contact study author (April 2014) will be followed up

Zhou 1999 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes Full text not available; attempts made to contact study author (April 2014) will be fol-
lowed up

Zhou 2002a 

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   All-cause mortality

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Glutamine vs control 3 111 Risk Ratio (M-H, Fixed, 95% CI) 0.25 [0.08, 0.78]

1.1 Enteral 2 85 Risk Ratio (M-H, Fixed, 95% CI) 0.23 [0.06, 0.93]

1.2 Parenteral 1 26 Risk Ratio (M-H, Fixed, 95% CI) 0.29 [0.04, 2.27]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

2 Ornithine α-ketoglu-
tarate vs control

3 155 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.37, 2.36]

2.1 Enteral 3 155 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.37, 2.36]

3 Branched-chain amino
acids vs control

1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

3.1 Parenteral 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Fish oil vs control 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

4.1 Enteral 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Combined immunonutri-
ents vs control

4 163 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [0.47, 2.60]

5.1 Enteral 4 163 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [0.47, 2.60]

 
 

Analysis 1.1.   Comparison 1 All-cause mortality, Outcome 1 Glutamine vs control.

Study or subgroup Glutamine Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.1.1 Enteral  

Garrel 2003 2/21 10/24 71.65% 0.23[0.06,0.93]

Zhou 2003 0/20 0/20   Not estimable

Subtotal (95% CI) 41 44 71.65% 0.23[0.06,0.93]

Total events: 2 (Glutamine), 10 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.07(P=0.04)  

   

1.1.2 Parenteral  

Wischmeyer 2001 1/12 4/14 28.35% 0.29[0.04,2.27]

Subtotal (95% CI) 12 14 28.35% 0.29[0.04,2.27]

Total events: 1 (Glutamine), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.18(P=0.24)  

   

Total (95% CI) 53 58 100% 0.25[0.08,0.78]

Total events: 3 (Glutamine), 14 (Control)  

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.85); I2=0%  

Test for overall effect: Z=2.38(P=0.02)  

Test for subgroup differences: Chi2=0.04, df=1 (P=0.85), I2=0%  

Favours glutamine 1000.01 100.1 1 Favours control
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Analysis 1.2.   Comparison 1 All-cause mortality, Outcome 2 Ornithine α-ketoglutarate vs control.

Study or subgroup Ornithine
Alpha-ke-

toglutarate

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.2.1 Enteral  

Coudray-Lucas 2000 4/24 5/23 65.69% 0.77[0.23,2.5]

De Bandt 1998 5/32 2/16 34.31% 1.25[0.27,5.75]

Donati 1999 0/31 0/29   Not estimable

Subtotal (95% CI) 87 68 100% 0.93[0.37,2.36]

Total events: 9 (Ornithine Alpha-ketoglutarate), 7 (Control)  

Heterogeneity: Tau2=0; Chi2=0.25, df=1(P=0.62); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

   

Total (95% CI) 87 68 100% 0.93[0.37,2.36]

Total events: 9 (Ornithine Alpha-ketoglutarate), 7 (Control)  

Heterogeneity: Tau2=0; Chi2=0.25, df=1(P=0.62); I2=0%  

Test for overall effect: Z=0.15(P=0.88)  

Favours Ornithine Alpha-ketoglutarate 1000.01 100.1 1 Favours Control

 
 

Analysis 1.3.   Comparison 1 All-cause mortality, Outcome 3 Branched-chain amino acids vs control.

Study or subgroup BCAA Control Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.3.1 Parenteral  

Brown 1990 5/10 2/10 2.5[0.63,10]

Favours Branched Chain Aminoacids 1000.01 100.1 1 Favours Control

 
 

Analysis 1.4.   Comparison 1 All-cause mortality, Outcome 4 Fish oil vs control.

Study or subgroup Experimental Control Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.4.1 Enteral  

Garrel 1995 1/13 3/16 0.41[0.05,3.49]

Favours Fish Oil 1000.01 100.1 1 Favours Control

 
 

Analysis 1.5.   Comparison 1 All-cause mortality, Outcome 5 Combined immunonutrients vs control.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.5.1 Enteral  

Gottschlich 1990 2/17 8/33 60.3% 0.49[0.12,2.04]

Saffle 1997 5/25 3/24 33.93% 1.6[0.43,5.97]

Toledo 2007 0/23 0/18   Not estimable

Wibbenmeyer 2006 2/12 0/11 5.76% 4.62[0.25,86.72]

Subtotal (95% CI) 77 86 100% 1.1[0.47,2.6]

Favours Combined Immunonutrients 1000.01 100.1 1 Favours Control
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 9 (Experimental), 11 (Control)  

Heterogeneity: Tau2=0; Chi2=2.48, df=2(P=0.29); I2=19.32%  

Test for overall effect: Z=0.22(P=0.83)  

   

Total (95% CI) 77 86 100% 1.1[0.47,2.6]

Total events: 9 (Experimental), 11 (Control)  

Heterogeneity: Tau2=0; Chi2=2.48, df=2(P=0.29); I2=19.32%  

Test for overall effect: Z=0.22(P=0.83)  

Favours Combined Immunonutrients 1000.01 100.1 1 Favours Control

 
 

Comparison 2.   Length of hospital stay

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Glutamine vs control 7 255 Mean Difference (IV, Fixed, 95% CI) -5.65 [-8.09, -3.22]

1.1 Enteral 5 199 Mean Difference (IV, Fixed, 95% CI) -6.29 [-9.12, -3.46]

1.2 Parenteral 2 56 Mean Difference (IV, Fixed, 95% CI) -3.84 [-8.63, 0.95]

2 Ornithine α-ketoglu-
tarate vs control

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

2.1 Enteral 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Branched-chain amino
acids

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

3.1 Parenteral 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Fish oil vs control 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

4.1 Enteral 1   Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Combined immunonu-
trients vs control

3 113 Mean Difference (IV, Fixed, 95% CI) 1.93 [-4.41, 8.28]

5.1 Enteral 3 113 Mean Difference (IV, Fixed, 95% CI) 1.93 [-4.41, 8.28]

 
 

Analysis 2.1.   Comparison 2 Length of hospital stay, Outcome 1 Glutamine vs control.

Study or subgroup Glutamine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.1.1 Enteral  

Garrel 2003 19 33 (17) 22 29 (17) 5.45% 4[-6.44,14.44]

Lu 2004 20 55 (13) 20 69 (22) 4.73% -14[-25.2,-2.8]

Peng 2004b 25 46.6 (64.9) 23 55.7 (83.3) 0.33% -9.09[-51.58,33.4]

Favours Glutamine 2010-20 -10 0 Favours Control
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Study or subgroup Glutamine Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Zhou 2002 15 52 (11) 15 67 (21) 4.13% -15[-27,-3]

Zhou 2003 20 67 (4) 20 73 (6) 59.46% -6[-9.16,-2.84]

Subtotal *** 99   100   74.1% -6.29[-9.12,-3.46]

Heterogeneity: Tau2=0; Chi2=7.63, df=4(P=0.11); I2=47.57%  

Test for overall effect: Z=4.35(P<0.0001)  

   

2.1.2 Parenteral  

Wischmeyer 2001 12 31 (34) 14 30 (34.8) 0.85% 1[-25.5,27.5]

Zhou 2004 15 42 (7) 15 46 (6.6) 25.05% -4[-8.87,0.87]

Subtotal *** 27   29   25.9% -3.84[-8.63,0.95]

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Test for overall effect: Z=1.57(P=0.12)  

   

Total *** 126   129   100% -5.65[-8.09,-3.22]

Heterogeneity: Tau2=0; Chi2=8.51, df=6(P=0.2); I2=29.49%  

Test for overall effect: Z=4.55(P<0.0001)  

Test for subgroup differences: Chi2=0.75, df=1 (P=0.39), I2=0%  

Favours Glutamine 2010-20 -10 0 Favours Control

 
 

Analysis 2.2.   Comparison 2 Length of hospital stay, Outcome 2 Ornithine α-ketoglutarate vs control.

Study or subgroup Experimental Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

2.2.1 Enteral  

De Bandt 1998 32 37.5 (11.5) 16 41.7 (28.8) -4.21[-18.87,10.45]

Favours Ornithine Alpha-ketoglutarate 10050-100 -50 0 Favours Control

 
 

Analysis 2.3.   Comparison 2 Length of hospital stay, Outcome 3 Branched-chain amino acids.

Study or subgroup BCAA Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

2.3.1 Parenteral  

Brown 1990 10 56 (29) 10 52 (42) 4[-27.63,35.63]

Favours Branched Chain Aminoacids 10050-100 -50 0 Favours Control

 
 

Analysis 2.4.   Comparison 2 Length of hospital stay, Outcome 4 Fish oil vs control.

Study or subgroup Experimental Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

2.4.1 Enteral  

Garrel 1995 12 46 (23) 13 67 (28) -21[-41.03,-0.97]

Favours Fish Oil 10050-100 -50 0 Favours Control
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Analysis 2.5.   Comparison 2 Length of hospital stay, Outcome 5 Combined immunonutrients vs control.

Study or subgroup Experimental Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

2.5.1 Enteral  

Saffle 1997 25 37 (20) 24 38 (19.6) 32.76% -1[-12.09,10.09]

Toledo 2007 23 17.9 (15.8) 18 15.9 (13.5) 49.97% 2[-6.98,10.98]

Wibbenmeyer 2006 12 37.7 (24.7) 11 30.4 (10.4) 17.27% 7.3[-7.97,22.57]

Subtotal *** 60   53   100% 1.93[-4.41,8.28]

Heterogeneity: Tau2=0; Chi2=0.74, df=2(P=0.69); I2=0%  

Test for overall effect: Z=0.6(P=0.55)  

   

Total *** 60   53   100% 1.93[-4.41,8.28]

Heterogeneity: Tau2=0; Chi2=0.74, df=2(P=0.69); I2=0%  

Test for overall effect: Z=0.6(P=0.55)  

Favours Combined Immunonutrients 10050-100 -50 0 Favours Control

 
 

Comparison 3.   Rate of burn wound infection

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Glutamine vs control 2 81 Risk Ratio (M-H, Fixed, 95% CI) 0.42 [0.16, 1.06]

1.1 Enteral 2 81 Risk Ratio (M-H, Fixed, 95% CI) 0.42 [0.16, 1.06]

2 Ornithine α-ketoglutarate
vs control

1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2.1 Enteral 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Combined immunonutri-
ents vs control

3 122 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.51, 1.20]

3.1 Enteral 3 122 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.51, 1.20]

 
 

Analysis 3.1.   Comparison 3 Rate of burn wound infection, Outcome 1 Glutamine vs control.

Study or subgroup Glutamine Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.1.1 Enteral  

Garrel 2003 3/19 7/22 51.95% 0.5[0.15,1.66]

Zhou 2003 2/20 6/20 48.05% 0.33[0.08,1.46]

Subtotal (95% CI) 39 42 100% 0.42[0.16,1.06]

Total events: 5 (Glutamine), 13 (Control)  

Heterogeneity: Tau2=0; Chi2=0.17, df=1(P=0.68); I2=0%  

Test for overall effect: Z=1.84(P=0.07)  

   

Total (95% CI) 39 42 100% 0.42[0.16,1.06]

Total events: 5 (Glutamine), 13 (Control)  

Favours Glutamine 1000.01 100.1 1 Favours Control
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Study or subgroup Glutamine Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=0.17, df=1(P=0.68); I2=0%  

Test for overall effect: Z=1.84(P=0.07)  

Favours Glutamine 1000.01 100.1 1 Favours Control

 
 

Analysis 3.2.   Comparison 3 Rate of burn wound infection, Outcome 2 Ornithine α-ketoglutarate vs control.

Study or subgroup Ornithine Al-
pha-ketoglutarate

Control Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.2.1 Enteral  

Donati 1999 3/31 2/29 1.4[0.25,7.81]

Favours Ornithine Alpha-ketoglutarate 1000.01 100.1 1 Favours Control

 
 

Analysis 3.3.   Comparison 3 Rate of burn wound infection, Outcome 3 Combined immunonutrients vs control.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

3.3.1 Enteral  

Gottschlich 1990 2/17 16/33 37.02% 0.24[0.06,0.93]

Saffle 1997 15/25 12/24 41.67% 1.2[0.72,2]

Wibbenmeyer 2006 6/12 6/11 21.31% 0.92[0.42,2]

Subtotal (95% CI) 54 68 100% 0.79[0.51,1.2]

Total events: 23 (Experimental), 34 (Control)  

Heterogeneity: Tau2=0; Chi2=5.7, df=2(P=0.06); I2=64.89%  

Test for overall effect: Z=1.12(P=0.26)  

   

Total (95% CI) 54 68 100% 0.79[0.51,1.2]

Total events: 23 (Experimental), 34 (Control)  

Heterogeneity: Tau2=0; Chi2=5.7, df=2(P=0.06); I2=64.89%  

Test for overall effect: Z=1.12(P=0.26)  

Favours Combined Immunonutrients 1000.01 100.1 1 Favours Control

 
 

Comparison 4.   Rate of non-wound infection

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Glutamine vs control 2 67 Odds Ratio (M-H, Fixed, 95% CI) 0.73 [0.27, 1.95]

1.1 Bacteraemia 2 67 Odds Ratio (M-H, Fixed, 95% CI) 0.73 [0.27, 1.95]

2 Fish oil vs control 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2.1 Pneumonia 1   Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

3 Combined immunonutri-
ents vs control

3 266 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.86, 1.57]

3.1 Pneumonia 3 122 Risk Ratio (M-H, Fixed, 95% CI) 0.83 [0.59, 1.15]

3.2 Urinary tract infection 2 72 Risk Ratio (M-H, Fixed, 95% CI) 2.46 [0.98, 6.20]

3.3 Bacteraemia 2 72 Risk Ratio (M-H, Fixed, 95% CI) 1.77 [0.81, 3.88]

 
 

Analysis 4.1.   Comparison 4 Rate of non-wound infection, Outcome 1 Glutamine vs control.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.1.1 Bacteraemia  

Garrel 2003 7/19 10/22 62.84% 0.7[0.2,2.45]

Wischmeyer 2001 7/12 9/14 37.16% 0.78[0.16,3.79]

Subtotal (95% CI) 31 36 100% 0.73[0.27,1.95]

Total events: 14 (Experimental), 19 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.92); I2=0%  

Test for overall effect: Z=0.63(P=0.53)  

   

Total (95% CI) 31 36 100% 0.73[0.27,1.95]

Total events: 14 (Experimental), 19 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.92); I2=0%  

Test for overall effect: Z=0.63(P=0.53)  

Favours Glutamine 1000.01 100.1 1 Favours Control

 
 

Analysis 4.2.   Comparison 4 Rate of non-wound infection, Outcome 2 Fish oil vs control.

Study or subgroup Experimental Control Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

4.2.1 Pneumonia  

Garrel 1995 2/12 7/13 0.31[0.08,1.21]

Favours Fish Oil 1000.01 100.1 1 Favours Control

 
 

Analysis 4.3.   Comparison 4 Rate of non-wound infection, Outcome 3 Combined immunonutrients vs control.

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.3.1 Pneumonia  

Gottschlich 1990 2/17 15/33 22.66% 0.26[0.07,1]

Saffle 1997 20/25 20/24 45.34% 0.96[0.74,1.25]

Wibbenmeyer 2006 5/12 2/11 4.64% 2.29[0.55,9.49]

Subtotal (95% CI) 54 68 72.64% 0.83[0.59,1.15]

Favours Combined Immunonutrients 200.05 50.2 1 Favours Control
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 27 (Experimental), 37 (Control)  

Heterogeneity: Tau2=0; Chi2=6.03, df=2(P=0.05); I2=66.82%  

Test for overall effect: Z=1.12(P=0.26)  

   

4.3.2 Urinary tract infection  

Saffle 1997 10/25 3/24 6.8% 3.2[1,10.23]

Wibbenmeyer 2006 3/12 2/11 4.64% 1.38[0.28,6.75]

Subtotal (95% CI) 37 35 11.44% 2.46[0.98,6.2]

Total events: 13 (Experimental), 5 (Control)  

Heterogeneity: Tau2=0; Chi2=0.71, df=1(P=0.4); I2=0%  

Test for overall effect: Z=1.91(P=0.06)  

   

4.3.3 Bacteraemia  

Saffle 1997 10/25 6/24 13.6% 1.6[0.69,3.72]

Wibbenmeyer 2006 3/12 1/11 2.32% 2.75[0.33,22.69]

Subtotal (95% CI) 37 35 15.92% 1.77[0.81,3.88]

Total events: 13 (Experimental), 7 (Control)  

Heterogeneity: Tau2=0; Chi2=0.22, df=1(P=0.64); I2=0%  

Test for overall effect: Z=1.42(P=0.16)  

   

Total (95% CI) 128 138 100% 1.16[0.86,1.57]

Total events: 53 (Experimental), 49 (Control)  

Heterogeneity: Tau2=0; Chi2=11.75, df=6(P=0.07); I2=48.96%  

Test for overall effect: Z=0.99(P=0.32)  

Test for subgroup differences: Chi2=6.91, df=1 (P=0.03), I2=71.06%  

Favours Combined Immunonutrients 200.05 50.2 1 Favours Control

 

 

A P P E N D I C E S

Appendix 1. Search strategies

Cochrane Injuries Group Specialised Register
("Fatty Acid" or "amino acid" or Arginin* or glutamin* or nutrition or immunonutr* or nucleoside* or nucleotide*) and (burn*)

Cochrane Central Register of Controlled Trials
#1immunonutrient* or immunonutrition
#2MeSH descriptor Nutritional Support explode all trees
#3glutamine or L-glutamine or L Glutamine or D-glutamine or D Glutamine
#4MeSH descriptor Glutamine explode all trees
#5(arginin*) or (Arg* next 15)
#6branched chain amino acid* or (n-3 near acid*) or (Omega near Acid*) or (Fatty near Acid*)
#7MeSH descriptor Amino Acids, Branched-Chain explode all trees
#8nucleoside* or nucleotide*
#9MeSH descriptor Nucleosides explode all trees
#10MeSH descriptor Nucleotides explode all trees
#11MeSH descriptor Arginine explode all trees
#12(#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11)
#13burn*
#14thermal near2 injur*
#15MeSH descriptor Burns explode all trees
#16(#13 OR #14 OR #15)
#17(#12 AND #16)
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MEDLINE (OvidSP)
1.(immuno?nutrient* or immuno?nutrition* or immunonutrient* or immunonutrition*).ab,ti.
2.exp Nutritional Support/
3.(glutamin* or L?glutamin* or LGlutamin* or D?glutamin*or DGlutamin*).ab,ti.
4.exp Glutamine/
5.(arginin* or Arg 15?aprotinin* or arginin* 15?aprotinin* or arginin* 15?bovine pancreatic trypsin inhibitor* or arginine?15?kallikrein?
trypsin inactivator* or Arg?15?PTI or arginin* l?isomer or dl?arginin* acetate* monohydrate or l?arginin*).ab,ti.
6.exp Arginine/
7.(Branched?Chain Amino Acid* or n?3 fatty acid* or Omega?3 Fatty Acid* or Omega3 Fatty Acid* or n3 Fatty Acid* or n?3 Polyunsaturated
Fatty Acid* or n3 Polyunsaturated Fatty Acid*).ab,ti.
8.exp Amino Acids, Branched-Chain/
9.(nucleoside* or nucleotide*).ab,ti.
10.exp Nucleosides/
11.exp Nucleotides/
12.or/1-11
13.exp Burns/
14.burn*.ab,ti.
15.(thermal adj2 injur*).ab,ti.
16.or/13-15
17.12 and 16
18.randomi?ed.ab,ti.
19.randomized controlled trial.pt.
20.controlled clinical trial.pt.
21.placebo.ab.
22.clinical trials as topic.sh.
23.randomly.ab.
24.trial.ti.
25.18 or 19 or 20 or 21 or 22 or 23 or 24
26.(animals not (humans and animals)).sh.
27.25 not 26
28.17 and 27

Embase (OvidSP)
1.(immuno?nutrient* or immuno?nutrition* or immunonutrient* or immunonutrition*).ab,ti.
2.exp Nutritional Support/
3.(glutamin* or L?glutamin* or LGlutamin* or D?glutamin*or DGlutamin*).ab,ti.
4.exp Glutamine/
5.(arginin* or Arg 15?aprotinin* or arginin* 15?aprotinin* or arginin* 15?bovine pancreatic trypsin inhibitor* or arginine?15?kallikrein?
trypsin inactivator* or Arg?15?PTI or arginin* l?isomer or dl?arginin* acetate* monohydrate or l?arginin*).ab,ti.
6.exp Arginine/
7.(Branched?Chain Amino Acid* or n?3 fatty acid* or Omega?3 Fatty Acid* or Omega3 Fatty Acid* or n3 Fatty Acid* or n?3 Polyunsaturated
Fatty Acid* or n3 Polyunsaturated Fatty Acid*).ab,ti.
8.Branched Chain Amino Acid/
9.(nucleoside* or nucleotide*).ab,ti.
10.exp Nucleoside/
11.exp Nucleotide/
12.or/1-11
13.exp Burn/
14.burn*.ab,ti.
15.(thermal adj2 injur*).ab,ti.
16.or/13-15
17.12 and 16
18.exp Randomized Controlled Trial/
19.exp controlled clinical trial/
20.randomi?ed.ab,ti.
21.placebo.ab.
22.*Clinical Trial/
23.randomly.ab.
24.trial.ti.
25.18 or 19 or 20 or 21 or 22 or 23 or 24
26.exp animal/ not (exp human/ and exp animal/)
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27.25 not 26
28.17 and 27

ISI Web of Science: Science Citation Index-Expanded (SCI-EXPANDED) and Conference Proceedings Citation Index-Science (CPCI-S)
#1Topic=(Burn* or (thermal near/3 injur*)) AND Topic=(immuno?nutrient* or immuno?nutrition* or immunonutrient* or immunonutrition*
or nutrition* or glutamin* or arginin* or aprotinin* or Amino Acid* or fatty acid* or nucleoside* or nucleotide*)
#2Topic=((singl* OR doubl* OR trebl* OR tripl*) NEAR/3 (blind* OR mask*)) OR Topic=((clinical OR control* OR placebo OR random*) NEAR/3
(trial* or group* or study or studies or placebo or controlled)) NOT Title=(Animal* or rat or rats or rodent* or mouse or mice or murine or
dog or dogs or canine* or cat or cats or feline* or rabbit or rabbits or pig or pigs or porcine or swine or sheep or ovine* or guinea pig*)
#3#1 AND #2

PubMed
#1Search (Burn* OR (thermal AND injur*)) AND (immuno?nutrient* or immuno?nutrition* or immunonutrient* or immunonutrition* or
nutrition* or glutamin* or arginin* or aprotinin* or Amino Acid* or fatty acid* or nucleoside* or nucleotide*)
#2(randomised OR randomized OR randomly OR random order OR random sequence OR random allocation OR randomly allocated OR at
random OR randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized controlled trials [mh]) NOT ((models, animal[mh]
OR Animals[mh] OR Animal Experimentation[mh] OR Disease Models, Animal[mh] OR Animals, Laboratory[mh]) NOT (Humans[mh]))
#3#1 and #2

CINAHL

S28 S16 AND S27
S27 S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25 or S26
S26 MH quantitative studies
S25 TX random* N3 allocat*
S24 (MH "Random Assignment")
S22 (MH "Placebos")
S21 TX randomi?ed N3 control* N3 trial*
S20 TI ( (singl* N3 blind*) or (doubl* N3 blind*) or (trebl* N3 blind*) or (tripl* N3 blind*) ) or TI ( (singl* N3 mask*) or (doubl* N3 mask*)
or (trebl* N3 mask*) or (tripl* N3 mask*) ) or AB ( (singl* N3 blind*) or (doubl* N3 blind*) or (trebl* N3 blind*) ) or AB ( (singl* N3 mask*) or
(doubl* N3 mask*) or (trebl* N3 mask*) or (tripl* N3 mask*) )
S19 TX clinical N3 trial*
S18 PT clinical trial*
S17 (MH "Clinical Trials")
S16 S11 AND S15
S15 S12 OR S13 OR S14
S14 (MH "Burns+")
S13 thermal N2 injur*
S12 burn*
S11 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10
S10 (MH "Arginine")
S9 (MH "Nucleotides+")
S8 (MH "Nucleosides+")
S7 nucleoside* or nucleotide*
S6 ((branched chain amino acid*) or (n-3 near acid*) or (Omega near Acid*) or (Fatty near Acid*))
S5 (arginin*) or (Arg* N 15)
S4 (MH "Glutamine")
S3 glutamine or L-glutamine or L Glutamine or D-glutamine or D Glutamine
S2 (MH "Nutritional Support+")
S1 immunonutrient* or immunonutrition

LILACS

(cancer$ or tumor$ or tumour$ or neoplas$ or malignan$ or carcinoma$ or adenocarcinoma$ or choricarcinoma$ or leukemia$ or
leukaemia$ or metastat$ or sarcoma$ or teratoma$) [Words] and (cachexia or cachexic) or (weight or underweight or malnutrition or
wasting) and (fit* or activ* or movement* or exercis* or aerobic* or resistance* or strength* or walk* or endurance*) [Words] and ((PT
randomized controlled trial OR PT controlled clinical trial OR PT multicenter study OR MH randomized controlled trials as topic OR MH
controlled clinical trials as topic OR MH multicenter study as topic OR MH random allocation OR MH double-blind method OR MH single-
blind method ) OR (( ensaio $ OR ensayo $ OR trial $) AND ( azar OR acaso OR placebo OR control $ OR aleat $ OR random $ OR enmascarado
$ OR simpleciego OR (( simple $ OR single OR duplo $ OR doble $ OR double $) AND ( cego OR ciego OR blind OR mask ))) AND clinic $))
AND NOT (MH animals)) [Words]
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H I S T O R Y

Protocol first published: Issue 2, 2008
Review first published: Issue 12, 2014

 

Date Event Description

14 May 2008 Amended Converted to new review format

19 February 2008 New citation required and major
changes

Protocol first published

 

C O N T R I B U T I O N S   O F   A U T H O R S

Hannah Beatrix Tan: trial screening, manuscript draOing and editing, assessing quality.

Stefan Danilla: manuscript draOing, trial screening, extracting data, assessing quality, performing statistical analysis.

Alexandra Murray: trial screening, manuscript draOing and editing.

Ramon Serra: searching grey literature, manuscript draOing, extracting data, assessing quality.

Regina El Dib: manuscript draOing, trial screening.

Tom Henderson: trial screening, manuscript draOing.

Jason Wasiak: trial screening, manuscript draOing and editing, assessing quality.

D E C L A R A T I O N S   O F   I N T E R E S T

All authors: none known.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

1. Performed trial sequential analysis for mortality on glutamine intervention post hoc according to the peer review process.

2. Changed population of interest from “patients with severe burn injuries” to "patients of any age with a burn of any severity" because
of the heterogeneity of the definition of "severe" burn injury.

3. Removed the following secondary outcomes: mortality due to sepsis, rates of multiple organ failure (MOF).

4. Combined the following secondary outcomes into "Rate of non-wound infection": pneumonia, urinary tract infection, burn wound
sepsis, central venous catheter–associated bloodstream infection.

5. Did not perform the following subgroup analyses.
a. Minor versus major burns (major burns are defined as burns to at least 20% of the total body surface).

b. Early versus delayed nutrition.

c. Children (birth to 18 years of age) versus adults (19 years of age or older).

d. DiNerent types of immunonutrients in the experimental group.

e. DiNerent types of nutrition in the control group.

f. DiNerent doses of immunonutrients.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Amino Acids, Branched-Chain  [therapeutic use];  Burns  [immunology]  [mortality]  [*therapy];  Fatty Acids, Omega-3  [therapeutic
use];  Glutamine  [therapeutic use];  Length of Stay;  Malnutrition  [immunology]  [*therapy];  Nutrition Therapy  [*methods];  Ornithine
 [analogs & derivatives]  [therapeutic use];  Randomized Controlled Trials as Topic;  Soybean Proteins  [therapeutic use];  Vitamins
 [therapeutic use];  Wound Infection  [etiology]

MeSH check words

Humans
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