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Background: Patients undergoing major gastrointestinal surgery are at increased risk of developing
complications. The use of immunonutrition (IN) in such patients is not widespread because the available
data are heterogeneous, and some show contradictory results with regard to complications, mortality
and length of hospital stay.
Methods: Randomized controlled trials (RCTs) published between January 1985 and September 2009
that assessed the clinical impact of perioperative enteral IN in major gastrointestinal elective surgery
were included in a meta-analysis.
Results: Twenty-one RCTs enrolling a total of 2730 patients were included in the meta-analysis.
Twelve were considered as high-quality studies. The included studies showed significant heterogeneity
with respect to patients, control groups, timing and duration of IN, which limited group analysis. IN
significantly reduced overall complications when used before surgery (odds ratio (OR) 0·48, 95 per cent
confidence interval (c.i.) 0·34 to 0·69), both before and after operation (OR 0·39, 0·28 to 0·54) or after
surgery (OR 0·46, 0·25 to 0·84). For these three timings of IN administration, ORs of postoperative
infection were 0·36 (0·24 to 0·56), 0·41 (0·28 to 0·58) and 0·53 (0·40 to 0·71) respectively. Use of IN
led to a shorter hospital stay: mean difference −2·12 (95 per cent c.i. −2·97 to −1·26) days. Beneficial
effects of IN were confirmed when low-quality trials were excluded. Perioperative IN had no influence
on mortality (OR 0·90, 0·46 to 1·76).
Conclusion: Perioperative enteral IN decreases morbidity and hospital stay but not mortality after major
gastrointestinal surgery; its routine use can be recommended.
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Introduction

Patients undergoing major gastrointestinal surgery, such
as cancer surgery, are at increased risk of developing com-
plications, although surgical techniques and perioperative
care have improved in recent years. Postoperative compli-
cations decrease quality of life, prolong hospital stay and
may delay adjuvant oncological treatment. Furthermore,
use of healthcare resources and costs are related to the
extent of postoperative morbidity1–3.

Pre-existing malnutrition and the patient’s stress
response to surgical trauma are among the most important
factors that have a negative impact on outcome1,3–6.
On the other hand, there is increasing evidence that
optimized nutritional support may decrease the number
of adverse events after major gastrointestinal surgery1,7–9.
To improve nutritional status, various nutritional formulas
have been tested, using different routines of access

and administration schedules, for use in daily clinical
practice. With the advent of novel nutritional formulas
containing agents that modulate the immune system, such
as glutamine, arginine, n-3 fatty acids (FA) and RNA, a
new era of nutritional therapy began almost two decades
ago. Primarily in an experimental setting, these nutrient
agents have shown beneficial effects on key features of the
acute stress response10,11.

The clinical impact of immunonutrition (IN) has been
evaluated in numerous studies2,7,10,12–19. However, use of
different patient groups, nutritional formulas and protocols
for administration, as well as diverse control groups,
has confounded the interpretation of available studies.
Early reviews and meta-analyses suggested no change
in mortality, but a decrease in postoperative infection
rates and length of hospital stay with use of IN11,20,21.
However, they are flawed by significant bias, such as
data heterogeneity and inadequate control groups, and
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do not include recently published randomized controlled
trials (RCTs).

The aim of this systematic review and meta-analysis
was to assess the impact of IN on postoperative
complications, in particular infectious complications,
length of hospital stay and mortality in patients undergoing
major gastrointestinal surgery. Tolerance of IN diets and
costs were also evaluated.

Methods

Data sources and search strategies

Main electronic databases including MEDLINE (searched
through PubMed), Embase, the Cochrane Database of
Systematic Reviews and the Cochrane Central Regis-
ter of Controlled Trials were searched. Medical subject
heading (MeSH) terms were used for searching PubMed.
(Immunonutri* OR (enteral OR preoperative OR peri-
operative OR postoperative OR specialized OR immune
enhancing) nutri* OR oral nutritional supp* OR malnu-
trition OR malnourished OR arginine OR glutamine OR
fish oil OR omega-3 fatty acids OR nucleotides OR RNA
OR Impact) AND ((general OR visceral OR abdomi-
nal OR colorectal OR hepatobiliary OR upper GI OR
lower GI OR gastrointestinal OR liver OR pancreatic

OR gastric OR oesophageal) surg*) AND (complications
OR pneumonia OR anastom* OR infect*) were entered as
keywords.

In addition, electronic links to related articles and refer-
ences of selected articles were hand-searched. Various trial
registries (http://clinicaltrials.gov, http://clinicaltrial.org,
http://isrctn.org, http://actr.org.au, http://trialregister.nl
and http://www.umin.ac.jp/ctr) were screened for unpub-
lished relevant RCTs, whose principal investigators were
contacted. Finally, commercial manufacturers of IN for-
mulas were contacted for ongoing RCTs on IN.

The search was limited to studies published between
January 1985 and September 2009. IN was defined as
enteral nutrition composed of at least two of the three main
components: amino acids (arginine and/or glutamine),
omega-3 FA (n-3 FA) and RNAs. The IN formulas were not
available commercially before 1985. Articles written in all
languages were considered eligible. Only RCTs performed
in humans were included in the analysis.

Study selection

RCTs selected for the final meta-analysis had to compare
enteral IN, given either before, both before and after,
or after operation, with control groups that received
standard enteral nutrition. Studies comparing two different

Records identified through MEDLINE
database search n = 595

Records indentified through other sources
n = 752

Records screened (title/abstract) n = 637

Duplicate data excluded n = 710

Records excluded n = 600

Full-text articles assessed for eligibility
n = 37

Studies included in final analysis n = 21

Full-text articles excluded n = 16
    Patient overlap/duplicate data n = 4
    Clinical outcomes not addressed n = 4
    IN composition did not satisfy inclusion
         criteria n = 3
    Lack of adequate controls n = 3
    Mixed surgical procedures n = 1
    Lack of randomization n = 1

Fig. 1 Flow chart showing selection of studies for analysis. IN, immunonutrition
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regimens of IN (different IN formulas, timings and
duration) but with no actual control group were excluded,
as were those comparing IN with parenteral nutrition.
Only RCTs considering patients undergoing elective
major gastrointestinal surgery were included. Trauma-
related abdominal surgery, transplantation surgery and
conservative treatment of critically ill patients were
considered as exclusion criteria. At least one of the
following main outcome measures had to be reported:
overall complications, infectious complications, in-hospital
mortality and length of hospital stay.

Data extraction and quality assessment

Two authors performed the literature search indepen-
dently. The search terms were first identified in the title,
and then in the abstract or MeSH. All studies of inter-
est were obtained as full-text articles and scrutinized. The

entire research team made the final decision to include a
study. Of note, authors of multiple studies were contacted
in order to avoid inclusion of duplicate data.

Relevant data were extracted and documented in a
database developed a priori for all publications. The
following items were recorded for each study: authors,
title, year of publication, methodological details (such
as randomization process, double-blinding methods,
classification of complications), patient characteristics
(number of patients, prevalence of malnutrition, use of
antibiotics and neoadjuvant treatment), details of the
nutritional intervention (type, timing, dose, duration, route
of administration), overall and infectious complications,
mortality, length of hospital stay, and secondary outcome
parameters such as compliance and cost.

The methodological quality and internal validity of
included studies was assessed using the Jadad score22. Data
are presented in accordance with the PRISMA statement23.

Table 1 Study characteristics

Immunonutrition
No. of patients

Reference Year Procedure
randomized (groups

analysed) Timing Control Contents Dose (l/day)*
Preop./postop.
duration (days)

Braga et al.12 1999 UGI, LGI† 206 (85/86) Periop. ICN Arg, n-3 FA, RNA Preop. 1 (oral) 7/7
Postop. 1·5 (FT)

Braga et al.28 2002 UGI, LGI† 150 (50/50/50) Preop., periop. ICN Arg, n-3 FA, RNA Preop. 1 (oral) 7/7
Postop. 2 (FT)

Braga et al.10 2002 LGI† 200 (50/50/50/50) Preop., periop. ICN, RD‡ Arg, n-3 FA, RNA Preop. 1 (oral) 5/open
Postop. 1·5 (FT)

Daly et al.13 1992 UGI† 85 (41/44) Postop. IC Arg, n-3 FA, RNA 1·8 (FT) −/open
Daly et al.29 1995 UGI† 60 (30/30) Postop. ICN Arg, n-3 FA, RNA 1·8 (FT) −/open
Di Carlo et al.24 1999 UGI† 100 (33/35/32) Postop. ICN, TPN‡ Arg, n-3 FA, RNA 1·8 (FT) −/open
Farreras et al.14 2005 UGI† 66 (30/30) Postop. ICN Arg, n-3 FA, RNA 1·2 (FT) –/7
Finco et al.30 2007 LGI by LS 28 (14/14) Periop. RD Arg, n-3 FA, RNA Preop. 0·8 (oral) 6/3

Postop. 0·8 (oral)
Gianotti et al.25 1997 UGI† 260 (87/87/86) Postop. ICN, TPN‡ Arg, n-3 FA, RNA 1·7 (FT) −/7
Gianotti et al.7 2002 UGI, LGI† 305 (102/101/102) Preop., periop. IVG + RD Arg, n-3 FA, RNA Preop. 1 (oral) 5/open

Postop. 1·5 (FT)
Gunerhan et al.26 2009 UGI, LGI† 56 (16/13/13) Preop. IC, RD‡ Arg, n-3 FA, RNA NS 7/−
Jiang et al.15 2001 UGI, LGI† 120 (60/58) Postop. ICN Arg, n-3 FA, RNA 1·7 (FT) −/10
Jiang et al.32 2004 UGI, LGI 124 (60/60) Postop. ICN Glu, n-3 FA 2·1 (FT) −/7
Klek et al.16 2008 UGI† 196 (92/91) Postop. ICN Arg, Glu, n-3 FA 1·5 (FT) −/7
Klek et al.17 2008 UGI† 205 (52/53/51/49) Postop. ICN Glu, n-3 FA 1·5 (FT) −/7
Okamoto et al.31 2009 UGI† 60 (30/30) Preop. IC Arg, n-3 FA, RNA 0·8 (oral) 7/−
Satinský et al.19 2005 UGI 62 (21/20/21) Postop. ICN, TPN‡ Arg, Glu, n-3 FA 1·3 (FT) −/open
Schilling et al.27 1996 UGI, LGI† 45 (14/14/13) Postop. IC, IVG‡ Arg, n-3 FA, RNA 1·3 (FT) −/open
Senkal et al.18 1997 UGI† 164 (77/77) Postop. IC Arg, n-3 FA, RNA 1·8 (FT) –/5
Senkal et al.2 1999 UGI† 178 (78/76) Periop. IC Arg, n-3 FA, RNA Preop. 1 (oral) 5/5

Postop. 1·7 (FT)
Xu et al.33 2006 UGI, LGI† 60 (30/30) Preop. ICN Arg, n-3 FA, RNA 1·8 (FT) 7/−

*Dose 3 days after enteral nutrition was started. When data were given in kcal per kg per day, conversion was performed based on an average 70-kg
patient and considering that 1 ml of IN formula contains 1 kcal (25 kcal per kg per day converts to 1·75 l/day). †Oncological surgery. ‡Group not
considered for meta-analysis. UGI, upper gastrointestinal surgery; LGI, lower gastrointestinal surgery; ICN, isocaloric and isonitrogenous; Arg, arginine;
n-3 FA, omega-3 fatty acids (unsaturated); FT, feeding tube; RD, regular diet; IC, isocaloric; TPN, total parenteral nutrition; LS, laparoscopy; IVG,
intravenous glucose solution; NS, not stated; Glu, glutamine.
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Statistical analysis

Statistical analysis was performed using Review Manager
Software for Windows (RevMan 5.0.23; The Nordic
Cochrane Centre, Copenhagen, Denmark) and Prism

5.2 (GraphPad Software, La Jolla, California, USA).
Treatment effects were expressed as odds ratios (ORs)

or mean differences, with 95 per cent confidence intervals.
Heterogeneity was assessed using the χ2 test and I2 test.
Data across studies were pooled using fixed-effects (inverse
variance) and random-effects models.

Funnel plots were drawn to visualize symmetry and
asymmetry in order to evaluate possible publication bias.

Results

The electronic literature search yielded 637 studies for
potential inclusion. Of these, 576 and 24 studies were
excluded based on the title and abstract respectively.
Thirty-seven studies were evaluated as full-text articles, of
which 16 were subsequently excluded (Fig. 1). The search
of the MEDLINE database using PubMed revealed all
included articles; the other data sources did not provide
additional studies. Overall, 21 RCTs with 2730 patients
met the inclusion criteria, and were included in the meta-
analysis. Nine studies involved more than two arms. In six

of these17,19,24–27, other comparative groups were not con-
sidered valid and only two arms were therefore analysed for
comparison. In the remaining three multiple-arm studies
comparing preoperative and perioperative IN7,10,28, the
two study groups were compared with the control group,
thus accounting for a total of 24 comparisons with controls
in the 21 studies included (6, 12 and 6 comparisons of pre-
operative, postoperative, and combined preoperative and
postoperative IN respectively).

Study characteristics

Fifteen studies were carried out in a single centre7,10,12,13,16,

17,19,24–31 and the remainder were multicentre trials2,14,15,

18,32,33. Fifteen studies originated from Europe2,7,10,12,14,

16–19,24–28,30, two from the USA13,29 and four from
Asia15,31–33.

Eleven studies included only patients undergoing
upper gastrointestinal tract surgery2,13,14,16–19,24,25,29,31 .
Another eight included patients undergoing either upper
or lower gastrointestinal tract surgery7,12,15,26–28,32,33 .
Two studies included primarily patients undergoing
lower gastrointestinal tract surgery10,30. All except three
studies19,30,32 included patients having cancer surgery
(Table 1). Twenty trials included patients undergoing open

Table 2 Quality assessment of randomized controlled trials on the clinical impact of perioperative immunonutrition in major
gastrointestinal surgery

Jadad score

Reference Year Analysis Overall Allocation concealment Double-blinding Blinding satisfactory Withdrawals/dropouts

Braga et al.12 1999 PP 5 1 1 1 1
Braga et al.28 2002 ITT 3 1 0 0 1
Braga et al.10 2002 ITT 3 1 0 0 1
Daly et al.13 1992 PP 3 1 0 0 1
Daly et al.29 1995 ITT 2 1 0 0 0
Di Carlo et al.24 1999 ITT 1 0 0 0 0
Farreras et al.14 2005 PP 5 1 1 1 1
Finco et al.30 2007 ITT 2 1 0 0 0
Gianotti et al.25 1997 ITT 1 0 0 0 0
Gianotti et al.7 2002 ITT 3 1 0 0 1
Gunerhan et al.26 2009 PP 2 0 0 0 1
Jiang et al.15 2001 PP 5 1 1 1 1
Jiang et al.32 2004 PP 1 0 0 0 0
Klek et al.16 2008 PP 4 1 1 0 1
Klek et al.17 2008 ITT 3 1 0 0 1
Okamoto et al.31 2009 ITT 2 1 0 0 0
Satinský et al.19 2005 PP 3 1 0 0 1
Schilling et al.27 1996 ITT 2 0 0 0 1
Senkal et al.18 1997 PP 5 1 1 1 1
Senkal et al.2 1999 PP 3 0 1 0 1
Xu et al.33 2006 ITT 1 0 0 0 0

The Jadad score assigns one point each for proper randomization, allocation concealment, double-blinding with adequate methodology, and listing of
withdrawals and dropouts. Studies with 3 or more of a maximum of 5 points are accounted as high quality. As randomization was a sine qua non condition
for inclusion, all studies had at least 1 point. The column ‘randomization’ is therefore not displayed. PP, per protocol; ITT, intention to treat.
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Immunonutrition in gastrointestinal surgery 41

surgery and one trial included patients having gastro-
intestinal laparoscopy30. None of the patients with cancer
received neoadjuvant chemotherapy and/or radiotherapy.
Adjuvant oncological treatment was not reported, as trial
endpoints were in-hospital morbidity and mortality.

IN formula with arginine, n-3 FA and RNA was
used in 17 studies2,7,10,12–15,18,24–31,33 ; four studies
used formulas containing arginine, glutamine and n-3
FA16,19, and glutamine and n-3 FA17,32. After surgery,
control groups received either isocaloric2,13,18,26,27,31 or
isocaloric and isonitrogenous10,12,14–17,19,24,25,28,29,32,33

enteral nutritional formulas. In two RCTs, patients in
the control group were fed with a regular oral diet7,30.

The duration of preoperative nutritional support varied
from 5 to 7 days. The most commonly administered preop-
erative quantity was 1000 ml/day. Postoperative nutritional
therapy was started within the first 24 h in all studies, and
lasted from 3 days to more than 10 days. Postoperative
IN was usually administered using nutritional catheters
with increasing infusion rates up to 25 kcal per kg per day
(800–2100 ml/day) by the third day after surgery (Table 1).

Data on preoperative nutritional status were pro-
vided in 13 studies. Malnutrition was considered as
an inclusion criterion in two RCTs26,28 and an exclu-
sion criterion in two others7,32. In the remaining nine
studies10,12–14,16,17,19,24,29 (1145 patients), the prevalence
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Fig. 2 Test of heterogeneity of selected randomized controlled trials on clinical impact of perioperative immunonutrition in major
gastrointestinal surgery. Funnel plots were used to assess possible publication bias, based on overall pooled data for a overall
complications, b mortality, c infections and d hospital stay
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of malnutrition ranged from 8 to 67 (median 26) per cent.
There was no significant difference between study and
control groups. Antibiotic prophylaxis was given routinely,
whereas postoperative antibiotic treatment for 24 h was
used selectively in only two trials13,29.

Quality assessment and publication bias

Study quality was heterogeneous (Table 2). Four stud-
ies fulfilled all five criteria of the Jadad score12,14,15,18,

another study met four criteria16, seven studies had a
Jadad score of 32,7,10,13,17,19,28, and the remaining nine
had a score of less than 3. Only 11 of 21 studies provided
analysis on an intention-to-treat-basis7,10,17,24,25,27–31,33.
Withdrawals and dropouts were reported in 14 of 21
studies2,7,10,12–19,26–28. Double-blinding and blinding pre-
requisites were the two most violated quality criteria.

Funnel plots for log OR (mean difference in the case
of hospital stay) from the included studies were used to
assess possible publication bias. There was no asymmetry

Braga et al.12

Braga et al.28 periop.

Braga et al.28 preop.

Braga et al.10 periop.

Braga et al.10 preop.

Daly et al.13

Daly et al.29

Di Carlo et al.24

Farerras et al.14

Gianotti et al.7 periop.

Gianotti et al.7 preop.

Gunerhan et al.26

Klek et al.16

Klek et al.17

Okamoto et al.31

Satinský et al.19

Senkal et al.18

Senkal et al.2

Xu et al.33

Total

Heterogeneity: χ2 = 24·78, 18 d.f., P = 0·13, I2 = 27%

Reference

Postop. complication rate

Test for overall effect: Z = 7·77, P < 0·001

18 of 85

19 of 50

28 of 50

16 of 50

16 of 50

7 of 41

3 of 30

12 of 33

4 of 30

55 of 101

36 of 102

12 of 13

27 of 92

41 of 52

6 of 30

21 of 21

22 of 77

14 of 78

5 of 30

362 of 1015 532 of 1017

31 of 86

35 of 50

35 of 50

29 of 50

29 of 50

23 of 44

13 of 30

15 of 35

17 of 30

75 of 102

49 of 102

10 of 11

28 of 91

42 of 53

12 of 30

19 of 20

32 of 77

27 of 76

11 of 30

8·1

5·4

5·6

5·6

5·6

3·7

1·9

4·0

2·3
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0·4

9·4
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0·4
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2·8
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0·48 (0·24, 0·94)

0·26 (0·11, 0·60)

0·55 (0·24, 1·24)

0·34 (0·15, 0·77)

0·34 (0·15, 0·77)

0·19 (0·07, 0·51)

0·15 (0·04, 0·59)

0·76 (0·29, 2·02)

0·12 (0·03, 0·42)

0·43 (0·24, 0·78)

0·59 (0·34, 1·03)

1·20 (0·07, 21·72)

0·93 (0·50, 1·76)

0·98 (0·38, 2·50)

0·38 (0·12, 1·19)

3·31 (0·13, 86·06)

0·56 (0·29, 1·10)

0·40 (0·19, 0·84)

0·35 (0·10, 1·16)

0·46 (0·38, 0·56)

Weight (%) Odds ratio Odds ratioIN Control

0·01 0·1 1 10 100

Favours IN Favours control

Fig. 3 Forest plot showing influence of perioperative immunonutrition (IN) on overall postoperative complication rates in patients
undergoing major gastrointestinal surgery. Data across studies were pooled using a fixed-effects (inverse variance) model. Total
numbers of individual complications are shown. Odds ratios are presented with 95 per cent confidence intervals

Table 3 Pooled data for high-quality studies only

Rate

Outcome measure IN Control Odds ratio

Complications2,7,10,12–19,28 338 of 956 495 of 957 0·46 (0·38, 0·57)
Infections2,7,10,12–19,28 177 of 956 306 of 957 0·47 (0·38, 0·59)
Length of hospital stay2,7,10,12–18,28 (1837 patients) — — −2·26 (−2·65, −1·88)*
Mortality7,10,12–14,16–18,28 13 of 797 13 of 803 1·01 (0·46, 2·23)

Values in parentheses are 95 per cent confidence intervals. *Mean difference. Only trials with a Jadad score of at least 3 were included. IN,
immunonutrition.
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for postoperative infectious complications and mortality.
Funnel plots for overall complications showed only minor
asymmetry (χ2 = 24·78, 18 d.f., I2 = 27 per cent) and those
for hospital stay revealed a major asymmetry (χ2 = 104·39,
20 d.f., I2 = 81 per cent) (Fig. 2).

Effect of immunonutrition on overall postoperative
complications

Of the 21 studies included in the meta-analysis,
five15,25,27,30,32 did not provide data on overall morbid-
ity. Therefore, 16 studies (19 comparisons) comprising
2032 patients using different time schedules for IN
were pooled to estimate the overall effect on postoper-
ative morbidity2,7,10,12–14,16–19,24,26,28,29,31,33 . An OR of
0·46 (0·38 to 0·56) was found in favour of IN (Fig. 3).
When studies of minor quality (Jadad score below 3)

were excluded, the results remained essentially unchanged
(Table 3).

Five7,10,28,31,33 of six studies assessing preoperative
application of IN favoured the use of IN, although a
significance difference was found in only one10. Pooled
results of all six studies7,10,26,28,31,33 favoured preoperative
use of IN (OR 0·48, 0·34 to 0·69; χ2 = 2·13, I2 = 0 per
cent, Z = 3·99)

Postoperative use of IN was superior in seven13,14,16–18,

24,29 of eight studies13,14,16–19,24,29, although in only
three13,14,29 of these was the difference statistically
significant. Pooled data were clearly advantageous for
postoperative IN (OR 0·46, 0·25 to 0·84; χ2 = 19·21,
I2 = 64 per cent, Z = 2·52).

Pooled data from five studies2,7,10,12,28 combining
preoperative and postoperative IN favoured IN with
respect to postoperative complications (OR 0·39, 0·28 to
0·54; χ2 = 1·41, I2 = 0 per cent, Z = 5·79).

Total

Heterogeneity: χ2 = 18·06, 23 d.f., P = 0·75, I2 = 0%

Reference

Postop. infection rate

Test for overall effect: Z = 7·58, P < 0·001

213 of 1250 378 of 1250 100 0·46 (0·38, 0·56)

Weight (%) Odds ratio Odds ratioIN Control

0·01 0·1 1 10 100

Favours IN Favours control

Braga et al.12

Braga et al.28 preop.

Braga et al.28 periop.

Braga et al.10 preop.

Braga et al.10 periop.

Daly et al.13

Daly et al.29

Di Carlo et al.24

Farerras et al.14

Finco et al.30

Gianotti et al.25

Gunerhan et al.26

Jiang et al.15
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Fig. 4 Forest plot showing influence of perioperative immunonutrition (IN) on postoperative infection rates in patients undergoing
major gastrointestinal surgery. Total numbers of individual infections are shown. Data across studies were pooled using a fixed-effects
(inverse variance) model. Odds ratios are presented with 95 per cent confidence intervals
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Effect of immunonutrition on postoperative
infection

All 21 studies provided data concerning infectious
complications and could therefore be included in the
final analysis. Pooled data for all three different time
schedules were assessed, and preoperative, postoperative,
and combined preoperative and postoperative regimens
were also considered separately.

Pooled data from all studies assessing one of the
three different treatment regimens favoured IN with
respect to postoperative infections (OR 0·46, 0·38 to
0·56) (Fig. 4). Exclusion of studies of minor quality
did not essentially change results (Table 3). Pooled data
from studies evaluating preoperative application of IN
favoured the treatment group (OR 0·36, 0·24 to 0·56;
χ2 = 2·15, I2 = 0 per cent; Z = 4·63). Studies assessing
postoperative IN had ORs ranging from 0·09 to 0·87.
Pooled data from these studies favoured postoperative IN
with respect to postoperative infections (OR 0·53, 0·40
to 0·71; χ2 = 10·85; I2 = 0 per cent; Z = 4·33). Studies of

combined preoperative and postoperative use of IN showed
a pooled OR of 0·41 (0·28 to 0·58; χ2 = 2·22; I2 = 0 per
cent; Z = 4·95).

Effect of immunonutrition on length of hospital
stay

All except three studies14,19,32 provided data concerning
length of hospital stay. Twenty-one comparisons including
2279 patients were pooled to estimate the length of hospital
stay. The pooled mean difference was −2·12 (−2·97 to
−1·26) days in favour of IN (Fig. 5). Separate analyses
of preoperative (mean difference −2·42, −3·21 to 1·63;
χ2 = 1·64, I2 = 0 per cent, Z = 5·97), perioperative (mean
difference −1·63, −3·00 to −0·26; χ2 = 16·51, I2 = 76 per
cent, Z = 2·33) and postoperative (mean difference −2·05,
−3·77 to −0·33; χ2 = 74·70, I2 = 89 per cent, Z = 2·34)
regimens favoured the use of IN to decrease hospital stay.
The essence of these findings remained unchanged when
only high-quality studies were considered (Table 3).

Total
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Fig. 5 Forest plot showing influence of perioperative immunonutrition (IN) on length of hospital stay of patients undergoing major
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Influence of immunonutrition on mortality rates

Fifteen studies (1999 patients)7,10,12–14,16–19,24,25,27–30

reporting on mortality rates were included in the analysis.
Administration of IN had no influence on overall pooled
mortality rates (OR 0·90, 0·46 to 1·76). Restriction to
high-quality studies confirmed no beneficial effect of IN
on mortality rates (Table 3).

Tolerance and costs of immunonutrition

Precise data on tolerance with enteral feeding were
reported in six trials7,12,14,17,24,30. Tolerance was assessed
as a dichotomized variable: the presence or absence of
‘any intolerance event (vomiting, nausea, displacement of
nasogastric tube, abdominal cramping, bloating)’. The
pooled data showed comparable results for IN, given
before, after or both before and after surgery, and control
groups (OR 1·15, 0·50 to 2·65).

Economic issues were addressed in three studies (462
patients)2,15,18. In cost-effectiveness analyses, the global
cost per patient for IN versus control groups was reported
in two studies2,15 and total costs in one18. The differences
in mean costs were ¤1426, ¤2281 and ¤23 248 respectively,
in favour of IN2,15,18. This corresponded with mean savings
of 52, 13 and 18 per cent respectively.

Discussion

This systematic review of 21 RCTs containing 2730
patients evaluated the impact of IN on postoperative
morbidity and mortality in patients undergoing planned
major gastrointestinal surgery. The most important finding
was that IN decreased overall complication rates and, in
particular, the rate of infectious complications, either with
preoperative, postoperative or combined preoperative and
postoperative use. Moreover, IN shortened hospital stay.
However, postoperative mortality rates were comparable
between IN and control groups.

Meta-analyses are inherently limited by the quality of
the original data, and their selection and analysis. The
present evaluation aimed to minimize selection bias (for
example by having no restriction with regard to language
or nutritional formula) and duplication of data by using a
thorough selection process. Analysis and data presentation
adhere to the recently published PRISMA guidelines23.
However, where significant heterogeneity of available
trials was demonstrated, expressed as an I2 value of
more than 60 per cent, cautious interpretation of results
is needed. Furthermore, only 12 of 21 included RCTs
were considered as high quality, defined as having a Jadad

score of at least 322. Of specific concern, withdrawals were
reported in only 14 of 21 studies.

Until the advent of immunomodulatory agents almost
25 years ago, nutritional support was traditionally consid-
ered as adjunctive care to provide sufficient caloric intake
to malnourished patients undergoing major surgery (for
example cancer and trauma surgery) or patients with crit-
ical illness. Arginine, glutamine, n-3 FA and RNA, the
most common components of IN, are used in various com-
binations and doses. These novel nutritional supplements
have effects on cell-mediated immune function, release of
acute-phase proteins, the post-traumatic inflammatory cas-
cade, and release of hormones such as insulin10,11. Despite
being ‘biologicals’, they act in a pharmacological manner,
and can be therefore considered as real pharmaconutrients.
Although their therapeutic effects are well documented in
experimental settings, assessment in daily clinical practice
is more difficult. It has been increasingly recognized that
pharmaconutrients impact differently on patients under-
going elective surgery and those with critical illness4,34.
Heyland and colleagues35 found in their meta-analysis
that patients undergoing elective surgery had fewer post-
operative infections when treated with IN. However, IN
failed to improve postoperative outcome (infection rate
and mortality) in critically ill patients.

More than 30 randomized controlled trials aimed at
assessing the clinical significance of IN in surgical patients
have been performed during the past two decades. A
close look at the results reveals wide disparity that often
impedes firm conclusions. Several systematic reviews and
meta-analyses have been carried out in recent years to
resolve some of the controversies. In surgical patients,
IN reduced postoperative infection rates and decreased
length of hospital stay, but mortality rates remained
unchanged4,11,20,21,34,36–38. Preoperative treatment for
5–7 days with 500–1000 ml of an enteral nutritional
formula containing arginine, n-3 FA and RNA proved
to be most beneficial21. Waitzberg and colleagues21

conducted an industry-driven meta-analysis in different
surgical patient groups (abdominal, cardiac, head and
neck)21. The study selection focused on one nutritional
formula (IMPACT; Nestlé, Vevey, Switzerland) and
the significant heterogeneity of data was not further
considered. Of note, some of the included studies compared
enteral IN with total parenteral nutrition, which is
known to be less effective and therefore represents an
inadequate control group39–43. Zheng and co-workers11

analysed 13 RCTs containing 1269 patients. This study
was restricted to oncological surgery and publications in
English. Moreover, both of these meta-analyses considered
the number of patients with complications and not the
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number of individual complications. As cost analysis relies
on the cost of each complication, and considering that
the aim of IN is to reduce complications, it was thought
more representative to include each single complication
separately. Thus, numbers differ from those in previous
analyses. The present meta-analysis deals with the largest
number of RCTs and patients, and also includes the most
recently published trials on the use of perioperative IN.

The mechanisms underlying the effect of IN and the
most efficacious mode of delivery remain controversial.
The timing of supplementation has been debated.
Three studies have found no difference when comparing
preoperative and perioperative IN regimens7,10,28. Another
study compared perioperative administration of IN with
postoperative IN alone44. A significant decrease in
postoperative complications was seen in the perioperative
IN group compared with the postoperative IN group. As
oxidative stress leading to mitochondrial dysfunction may
become irreversible within 6–24 h, it seems the sooner IN
is applied, the more beneficial for the patient45.

The quantity of IN administered is also a matter of
debate. A dose of 25 kcal per kg per day is about the
standard20. The amount of IN used in five studies was
clearly below this goal2,14,27,30,31. Another topic that has
been widely debated is the composition of IN diets.
Pharmaconutrients are often administered in combination
and the benefits of individual components are difficult
to assess. Some advocate that supplementation with fish
oil alone could decrease complication rates46. Gianotti
and colleagues47 have shown recently that perioperative
glutamine does not affect outcome in well nourished
patients with gastrointestinal cancer, whereas others48

have found a significant difference in favour of glutamine
supplementation. Interestingly, the four studies included in
present meta-analysis that used an IN composition lacking
RNA did not show a significant reduction in the rate of
infectious complications16,17,19,32.

Indications for the use of IN are also subject to
discussion. Owing to heterogeneity among studies included
in this meta-analysis, no conclusions can be drawn about
whether or not malnourished patients benefit most from
IN. The American guidelines define malnutrition as
involuntary weight loss of 5 per cent or 10 per cent of
usual bodyweight in 1 or 6 months respectively49. The
European Society of Parenteral and Enteral Nutrition
screening guidelines recommend use of the Nutritional
Risk Score (NRS), which integrates nutritional status,
disease severity and age to identify patients at nutritional
risk50,51. Patients with a NRS of at least 3 are prone to
developing more complications while in hospital and are
likely to benefit from nutritional support3,50–52. None of

the included RCTs based their indication for perioperative
nutrition on screening using the NRS. An ongoing double-
blinded randomized trial (registration no. NCT00512213;
http://www.clinicaltrials.gov) is evaluating the clinical
benefit of IN in patients undergoing gastrointestinal
surgery who are at nutritional risk.

The present meta-analysis did not show any significant
effect of IN on mortality. Data on mortality were available
for 1999 patients, but only 36 deaths were reported.
Because of the very low mortality rate, the present pooled
sample size is underpowered to show small differences in
mortality rate.

Length of hospital stay is rather a ‘soft’ criterion,
and discharge from hospital is often driven more by the
individual healthcare system and hospital reimbursement
system than by ‘hard’ medical indications. Therefore, the
quality of results is impaired, as shown by the related
asymmetry in the funnel plot, and caution is needed
in interpretation of these results. Nevertheless, it seems
logical that a reduction in (infectious) complications entails
a reduced hospital stay, as shown by others1.

Tolerance of enteral feeding with IN was similar to
that with standard formula. This is not surprising, as
most of the nutrition-related adverse events were caused
by the use of feeding tubes that were used equally in
groups being compared7,12. The higher direct costs of
IN were outweighed by the lower overall complication
rates and shorter hospital stay. Diederich and colleagues53

performed a cost analysis based on two included studies2,18.
They found a net cost-effectiveness favouring IN, taking
into account complication rate, cost of nutrition formula
and health insurance reimbursement.

Perioperative use of IN can be recommended for all
patients undergoing major abdominal surgery.
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Krähenbühl L, Meier R et al.; EuroOOPS study group.
EuroOOPS: an international, multicentre study to
implement nutritional risk screening and evaluate clinical
outcome. Clin Nutr 2008; 27: 340–349.

4 Jones NE, Heyland DK. Pharmaconutrition: a new emerging
paradigm. Curr Opin Gastroenterol 2008; 24: 215–222.

5 Marik PE, Zaloga GP. Immunonutrition in critically ill
patients: a systematic review and analysis of the literature.
Intensive Care Med 2008; 34: 1980–1990.

6 Schwegler I, von Holzen A, Gutzwiller JP, Schlumpf R,
Mühlebach S, Stanga Z. Nutritional risk is a clinical
predictor of postoperative mortality and morbidity in surgery
for colorectal cancer. Br J Surg 97: 92–97.

7 Gianotti L, Braga M, Nespoli L, Radaelli G, Beneduce A, Di
Carlo V. A randomized controlled trial of preoperative oral
supplementation with a specialized diet in patients with
gastrointestinal cancer. Gastroenterology 2002; 122:
1763–1770.

8 Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist O,
Soeters P et al. ESPEN Guidelines on Enteral Nutrition:
surgery including organ transplantation. Clin Nutr 2006; 25:
224–244.

9 Stratton RJ, Elia M. Who benefits from nutritional support:
what is the evidence? Eur J Gastroenterol Hepatol 2007; 19:
353–358.

10 Braga M, Gianotti L, Vignali A, Carlo VD. Preoperative oral
arginine and n-3 fatty acid supplementation improves the
immunometabolic host response and outcome after
colorectal resection for cancer. Surgery 2002; 132: 805–814.

11 Zheng Y, Li F, Qi B, Luo B, Sun H, Liu S et al. Application
of perioperative immunonutrition for gastrointestinal
surgery: a meta-analysis of randomized controlled trials. Asia
Pac J Clin Nutr 2007; 16(Suppl 1): 253–257.

12 Braga M, Gianotti L, Radaelli G, Vignali A, Mari G,
Gentilini O et al. Perioperative immunonutrition in patients
undergoing cancer surgery: results of a randomized
double-blind phase 3 trial. Arch Surg 1999; 134: 428–433.

13 Daly JM, Lieberman MD, Goldfine J, Shou J, Weintraub F,
Rosato EF et al. Enteral nutrition with supplemental
arginine, RNA, and omega-3 fatty acids in patients after
operation: immunologic, metabolic, and clinical outcome.
Surgery 1992; 112: 56–67.

14 Farreras N, Artigas V, Cardona D, Rius X, Trias M,
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Commentary

Immunonutrition in gastrointestinal surgery (Br J Surg 2011; 98; 37–48)

This is a well conducted review and meta-analysis of the literature regarding the clinical effects of perioperative
immunonutrition (IN) in patients undergoing elective gastrointestinal surgery. The authors clearly show the benefits of
IN in decreasing the number of complications and length of postoperative stay, and emphasize that such treatment is cost
effective despite the higher cost of these formulations containing n-3 fatty acids compared with standard ones.

Because the results from randomized controlled trials, systematic reviews and meta-analyses are accepted worldwide
as the best scientific evidence to support clinical decisions, the logical consequence from these studies should be that
IN becomes, without further delay, an essential part of the armamentarium of the gastrointestinal surgeon. There are,
however, some drawbacks in such a policy, the factors being ‘time’ and ‘alternatives’.

Time

The authors’ conclusions are supported by a technically perfect analysis on such a large number of patients that no-one
could argue against these robust data. Nevertheless, it has to be acknowledged that the first recommendations on the
perioperative use of n-3 fatty acids from a consensus of experts date back to 20011. In subsequent years other national
and international scientific societies have replicated these recommendations. Hence, meta-analyses often stipulate certain
concepts that are already known to the experts in that area. It is worth noting that, although several randomized trials on
IN have been published in surgical journals, most previous meta-analyses appeared in nutritional journals. This seems odd
and it may appear that optimal perioperative nutritional support is a specialist issue rather than a general one that should
be of interest to all surgeons.

Alternatives

The success of IN should be weighed against the current and complex enhanced recovery after surgery (ERAS)
programmes. Recent randomized trials and meta-analyses on this topic have also emphasized that the ERAS approach
in similar groups of patients reduces the number of complications and shortens postoperative hospital stay2. Finally, it
should be noted that a single surgeon may choose to use IN, whereas a policy of ERAS requires a multidisciplinary and
institutional decision. Future studies are needed to compare the two approaches to try to merge them, and to expand the
use of IN to patients undergoing emergency surgery.
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