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Abstract

Objective: The objective was to examine the relationship between pre-, peri-, and postoperative

specialized nutritional support with immune-modulating nutrients and postoperative morbidity in

patients undergoing elective surgery.

Methods: Studies were identified by searching MEDLINE, review article bibliographies, and ab-

stracts and proceedings of scientific meetings. All randomized clinical trials in which patients were

supplemented by the IMPACT formula before and/or after elective surgery and the clinical out-

comes reported were included in the meta-analysis. Seventeen studies (n = 2,305), 14 published

(n = 2,102), and 3 unpublished (n = 203), fulfilled the inclusion criteria. Ten studies (n = 1,392)

examined the efficacy of pre- or perioperative IMPACT supplementation in patients undergoing

elective surgery, whereas 7 (n = 913) assessed postoperative efficacy. Fourteen of the studies

(n = 2,083) involved gastrointestinal (GI) surgical patients. Postoperative complications, mortality,

and length of stay in hospital (LOS) were major outcomes of interest.

Results: IMPACT supplementation, in general, was associated with significant (39%–61%)

reductions in postoperative infectious complications and a significant decrease in LOS in hospital

by an average of 2 days. The greatest improvement in postoperative outcomes was observed in

patients receiving specialized nutrition support as part of their preoperative treatment. In GI sur-

gical patients, anastomotic leaks were 46% less prevalent when IMPACT supplementation was

part of the preoperative treatment.

Conclusion: This study identifies a dosage (0.5–1 l/day) and duration (supplementation for 5–

7 days before surgery) of IMPACT that contributes to improved outcomes of morbidity in elective

surgery patients, particularly those undergoing GI surgical procedures. The cost effectiveness of

such practice is supported by recent health economic analysis. Findings suggest preoperative

IMPACT use for the prophylaxis of postoperative complications in elective surgical patients.

I mmune suppression is a direct consequence of inva-

sive procedures and as a result, surgical patients are
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at a high risk of infection. For example, 55% of patients

will acquire infection following major cardiovascular sur-

gery.1 Postsurgical complications including infections

burden the health care system, slowing recovery,

extending hospital stays, and increasing hospital ex-

penses. A recent focus in medical practice is the proac-

tive management of infection. The approach involves

both pre- and postoperative treatments and has been

shown to effectively reduce complications and decrease

the overall cost of care. The provision of specialized

nutrition support is one component of the proactive ap-

proach to infection control.

The specialized nutritional products currently available

contain a blend of nutrients with immune-modulating po-

tential including the amino acids arginine and glutamine,

omega-3 fatty acids, and nucleotides/RNA. As four sys-

tematic reviews recently identified,2–5 specialized nutri-

tional support is of particular benefit to hospitalized

patients undergoing surgical procedures. Hospital-ac-

quired infections and length of stay (LOS) in both the ICU

and hospital were significantly decreased with the provi-

sion of specialized nutrition support. However, the former

systematic reviews group various types of enteral prod-

ucts together despite considerable differences in the

quality and quantity of immune-modulating nutrients.6

Considerable evidence supports that IMPACT spe-

cialized nutrition support (Novartis Consumer Health,

Nyon, Switzerland) positively influences inflammatory,

metabolic, and immune responses to major surgery.7–12

Of the various nutrients suggested to offer immune-

modulating benefits, IMPACT contains a consistent mix-

ture of arginine, omega-3 fatty acids from fish oil, and

nucleotides in the form of RNA. Nucleotides are important

during immunological challenge to support the develop-

ment and activation of specialized immune cells.13 Argi-

nine, the precursor of nitric oxide, is an amino acid that

becomes conditionally essential during trauma and sep-

sis. Following surgery, arginine improves wound healing

and protects against infection and ischemia–reperfusion

tissue injury by restoring macrophage function and lym-

phocyte responsiveness.14–17 Omega-3 fatty acids from

fish oil alter the phospholipid content of the cell mem-

brane and shift the balance of leukotriene and prosta-

glandin production to less inflammatory and less

immunosuppressive mediators.17–20 Furthermore, recent

attention has been focused on the synergistic interaction

of omega-3 fatty acids from fish oil and arginine to mod-

ulate immune function after surgery.21

The aim of this review was to compare the effect of

IMPACT specialized nutritional support initiated before

and/or after elective surgery with that of standard post-

operative nutritional support on postoperative morbidity

outcomes. Based on recent evidence the hypothesis was

formulated that specialized nutritional support may be

considered a form of prophylaxis against postoperative

morbidity. The present meta-analysis eliminates formula

heterogeneity by exclusively analyzing studies using IM-

PACT specialized nutritional support. Furthermore, to

improve upon previous systematic reviews, this analysis

evaluates clinical outcomes associated with the initiation

and duration of specialized nutrition support; and it

identifies the various types of infectious comorbidities for

surgical patients and gastrointestinal (GI) surgical pa-

tients in detail.

MATERIALS AND METHODS

Study Identification

An electronic search for relevant articles was per-

formed using the MEDLINE database. The keywords

‘‘enteral nutrition,’’ ‘‘surgical patients,’’ ‘‘arginine,’’ ‘‘fish

oil,’’ ‘‘omega-3 fatty acids,’’ ‘‘nucleotides,’’ ‘‘glutamine,’’

‘‘immunonutri*,’’ ‘‘preoperative,’’ ‘‘perioperative,’’ and

‘‘postoperative’’ were targeted. The search was limited to

human clinical trials published between January 1985

and December 2003. In addition, reference lists of re-

views and original articles were searched manually, and

investigators identified by the manufacturer of IMPACT

were contacted for unpublished data.

Study Selection Criteria

The following criteria were used to select studies for

this review:

1. Study type: randomized clinical trial

2. Type of participants: surgical patients undergoing

major elective operations

3. Type of intervention: enteral nutrition and/or oral sup-

plementation with IMPACT before and/or after surgery

4. Type of outcome measures: defined postoperative

infectious complications, mortality, length of hospital

stay, and cost of in-hospital care

5. Publication languages: English, German, French,

Spanish, Portuguese, Japanese, and Chinese

To comply with the gold standard for systematic re-

views,22 our analysis included all studies published in

English and non-English literature as well as unpublished

trials. Furthermore, to select studies with the highest

validity in terms of a relative treatment effect, we included
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only randomized clinical trials.4,23 Studies reporting only

nutritional or immunological outcomes were excluded,

and clinical outcome was considered the primary out-

come measure. Authors of multiple studies were con-

tacted to obtain supplemental information not included in

published articles and to avoid the use of duplicate data.

A methodological review was conducted by two

investigators to assess study quality as defined by the

scoring system described by Jadad.24

Primary Statistical Analysis

Primary outcomes of interest were the number of pa-

tients with one or more postoperative-acquired infec-

tion(s), the LOS in hospital, and hospital mortality.

Individual studies defined and described the occurrence of

infectious complications including wound infection, intra-

abdominal abscess, pneumonia, urinary tract infection

(UTI), and sepsis. Infection rates and the frequently

encountered noninfectious surgical complication, anas-

tomotic leak, were evaluated as secondary outcomes.

Statistical analyses utilized Comprehensive META

ANALYSIS software, version 2.2.021, June 20, 2005

(Biostat, Englewood, NJ, USA [www.Meta-Analysis.

com]). Intent-to-treat analysis used summary data from

published and unpublished studies. The most inclusive

category was used when individual study results were not

reported as intent-to-treat. Infection was treated as a

binary variable. Results of the meta-analysis are ex-

pressed in terms of relative risk (RR) for the treatment

group vs. the control group, such that an RR < 1 favors

the treatment group and an RR > 1 favors the control

group. Combined data from all 17 studies were used to

estimate an overall RR and associated 95% confidence

interval (CI). The Mantel-Haenszel method was used to

test the significance of treatment effect25 and a random

effects model estimated the overall RR.26 For LOS

analysis, effect size (ES) was used to describe the

standardized difference between means from treatment

and control. Hedges method was used to estimate the

individual ES and pooled ES between two treatments.27

The pooled simple difference between 2 group means is

reported to provide the estimate of treatment effect in

days. Only statistically significant ESs are analyzed in this

manner. P < 0.05 was considered statistically significant.

Subgroup and Sensitivity Analysis

Subgroup analyses were carried out for IMPACT sup-

plementation during the presurgical (preoperative) or

postsurgical (postoperative) period, or both (periopera-

tive). Strength was assessed by comparing our findings

with those achieved after analyses were confined to

published studies or those associated with GI surgery.

RESULTS

Trials Identified

Search methods identified 58 citations and 4 unpub-

lished randomized clinical trials that supplemented with

IMPACT specialized nutritional support. Abstracts were

analyzed with regard to the defined selection criteria.

Studies found to meet inclusion criteria and those lacking

sufficient data in the abstract were reevaluated using the

full-text publication. Protocols or draft manuscripts were

analyzed when data from trials were unpublished. Fol-

lowing full-text evaluation, 18 studies in total, 14 pub-

lished 1,7,28–31–39 and 4 unpublished (Berne, Amsterdam,

Sydney, and Open), met all the inclusion criteria. The test

diet of all 18 studies had equal proportions of the immune

modulating nutrients arginine, omega-3 fatty acids from

fish oil, and nucleotides.

Eighteen out of 58 Published Studies Met
Inclusion Criteria

Published studies were excluded for the following

reasons: clinical outcome was not an endpoint in 15,

the study was not randomized in 1, only a single im-

mune modulating nutrient was evaluated in 5, the

specialized nutritional formula was not IMPACT in 1,

and surgical patients were not analyzed individually

within the study population in 16. In addition, patient

populations from 6 publications were compiled and in-

cluded in subsequent publications to justify their

exclusion from analyses. Of the 4 unpublished studies

identified, the principal investigators provided adequate

data for analysis of 3, including clinical outcome results

(for each), study protocols (for 2), and a draft manu-

script (for 1). The fourth study, although complete, was

excluded because the data bank was not yet closed

due to unresolved inconsistencies (Open). Table 1 de-

tails the characteristics of the 17 trials, comprising

2,305 patients, included in the analyses. Studies were

generally of acceptable quality, 10 with a methodolog-

ical score of 3 or above were considered moderate to

high quality and 7 with a score of less than 3 were

rated low quality.24
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Descriptions of the Unpublished Trials Used in
Analyses Follow

A prospective trial carried out in Switzerland (Berne)

included 29 patients, split into 2 groups, who underwent

major elective surgery for GI and/or pancreatic cancer. As

detailed in Table 1, preoperative supplementation of IM-

PACT was the experimental variable. Both groups re-

ceived IMPACT postoperatively. A separate trial of double-

blind design was carried out in the Netherlands (Amster-

dam) in a group of cardiac patients identified as ‘‘high risk’’

and undergoing cardio-pulmonary bypass according to a

previously described protocol.1 Patients, 48 in total, were

randomized into 2 groups, differing in supplementation of

IMPACT nutrition support prior to surgery (Table 1). Pa-

tients received no enteral feeding following surgery. The

third study of double-blind design originated in Australia

(Sydney), and followed 126 patients undergoing major

surgery for colorectal cancer. Patients randomly received

either perioperative IMPACT or an isocaloric, isonitroge-

nous diet, and outcomes were evaluated (Table 1).

Surgical and Nutritional Interventions

All trials included patients undergoing major elective

surgery. Fourteen studies described patients with GI

malignancy; patients underwent upper GI surgery in 8

studies, lower GI surgery in 2, and upper or lower GI

surgery in 4. Two studies included patients undergoing

bypass and valve replacement surgery, and 1 included

patients undergoing surgery for head or neck malignancy.

Ten studies, 7 published1,28–30,37–39 and 3 unpublished

(Amsterdam, Sydney, and Berne), supplemented with

IMPACT before surgery in efficacy trials of preoperative or

perioperative specialized nutrition support. A variety of

study designs were used to describe the efficacy of pre-

operative IMPACT supplementation. In 3 studies1,28

(Amsterdam), treatment was exclusively preoperative and

IMPACT was compared with a standard formula that was

isonitrogenous and isocaloric. A set of studies provided

consistent postoperative support with IMPACT (Berne), a

standard formula,30 or intravenous (i.v.) electrolytes (5%

glucose),29 and compared preoperative supplementation

with IMPACT versus no nutrition support.

A set of studies investigated the efficacy of periopera-

tive IMPACT specialized nutritional support. Patients in

the treatment group were supplemented with IMPACT

both pre- and postoperatively. For comparison, patients in

the control group received either an isocaloric, isonitrog-

enous formula30,37,39 (Sydney), a standard formula,38 or

no nutritional support,28 preoperatively. The control group

from another study28 received no nutritional support dur-

ing both the pre- and postoperative treatment periods.

Seven studies investigated the immune-modulating

effect of postoperative IMPACT supplementation,7,31–36

and 5 initiated patient feedings within 24 hours of sur-

gery.7,31,33–35 Among the 7 postoperative studies, 1

compared IMPACT specialized nutrition with both a

standard enteral formula and a low calorie, low fat i.v.

solution.32 Another evaluated specialized nutritional

support against isocaloric, isonitrogenous enteral and

parenteral support.35 In summary, 6 of the postoperative

efficacy trials compared IMPACT with a control enteral

feed7,31–32,34,36 and 3 evaluated IMPACT against an i.v.

solution or feed.32,34,35

Effect of IMPACT on Cost, Infectious Compli-
cation Rates, LOS in Hospital, and Mortality

Cost data were available from only two studies8,37 and

were not analyzed further. Sixteen studies (out of 50)

reported postoperative infectious complications as shown

in Tables 2–4. The aggregated results of these studies

demonstrate that the use of IMPACT was associated with

significantly fewer postoperative infectious complications

(RR 0.49, 95% CI 0.42–0.58, P < 0.0001) and the test for

heterogeneity was not significant (P = 0.95; results not

shown).

Sixteen of the 17 studies reported LOS in hospital (Ta-

bles 2–4). Mean and SD data were available for all but one

study.25 Overall, patients receiving IMPACT had a signifi-

cantly shorter LOS in hospital (ES ())0.66, 95% CI

())0.86–())0.45, P < 0.0001) and the test for heterogeneity

was significant (P < 0.0001; results not shown). The pooled

difference between the group means measured a reduc-

tion in LOS in hospital of 3.1 days (95% CI ())3.9–())2.3

days) with IMPACT supplementation (results not shown).

Mortality was low in the patient population. Analysis of

aggregate data did not detect an improvement in mortality

rates with IMPACT supplementation (RR 0.72, 95% CI

0.39–1.31, P = 0.28) and the test for heterogeneity was

not significant (P = 0.98; results not shown).

Effect of IMPACT on Postoperative Morbidity

Meta-analysis of postoperative morbidity reported in

these 17 trials indicated that IMPACT supplementation

was associated with significantly fewer outcomes of

morbidity (Table 5), including wound infections (RR 0.63,

95% CI 0.46–0.87, P = 0.005), abdominal abscesses (RR

0.46, 95% CI 0.29–0.72, P = 0.001), pneumonia (RR

0.53, 95% CI 0.39–0.71, P < 0.0001), UTIs (RR 0.53, 95%
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CI 0.32–0.87, P = 0.011), and anastomotic leaks (RR

0.56, 95% CI 0.37–0.83, P = 0.004), whereas the number

of septic episodes was also reduced by more than 40%,

but not statistically significantly (RR 0.56, 95% CI 0.30–

1.03, P = 0.060) (Table 6). The test for heterogeneity for

all parameters was not significant (P = 0.81–0.99).

Subgroup Analysis

The effect of the pre-, peri-, and postoperative appli-

cation of IMPACT was examined. Compared with their

control counterparts, the rate of infectious complications

was significantly lower in patients receiving IMPACT

preoperatively (RR 0.42, 95% CI 0.30–0.59, P < 0.0001)

and perioperatively (RR 0.49, 95% CI 0.39–0.62, P <

0.0001), as well as with postoperative supplementation

alone (IMPACT vs. enteral or i.v. control) (RR 0.55, 95%

CI 0.41–0.75, P = 0.0001; Tables 2–4). Separate evalu-

ation of the postoperative use of IMPACT against a

standard enteral formula or i.v. solution (Table 4) showed

that infectious complications were significantly reduced

with IMPACT supplementation in both groups (RR 0.56,

95% CI 0.39–0.82, P = 0.003 in standard enteral controls;

RR 0.53, 95% CI 0.31–0.90, P = 0.02 in i.v. controls).

Grouping studies by their initiation of IMPACT treat-

ment identified that preoperative supplementation (ES

())0.71, 95% CI ())1.14–())0.28, P = 0.001) and peri-

operative supplementation (ES ())0.48, 95% CI ())0.68–

())0.28, P < 0.0001) were associated with significantly

shorter LOS in hospital (Tables 2, 3). The pooled differ-

ence between group means was ())3.4 days, 95% CI

())5.6–())1.2 days preoperatively and ())2.4 days, 95%

CI ())3.1–())1.7 days perioperatively (Tables 2, 3). In

comparison, postoperative supplementation of IMPACT

Table 2.
Randomized studies in elective surgery patients evaluating the effect of preoperative application of IMPACT on mortality, rate of

infectious complications, and length of stay in hospital (LOS)

Mortality, number/
total (%)

Patients with infectious
complications, number/total (%)

Hospital days,
mean (SD)

Study Preoperative* Control Preoperative** Control Preoperative*** Control

Amsterdam study (unpublished)a 0/23 (0) 1/24 (4) 4/23 (17) 12/24 (50) 7.6 (3.0) 9.0 (4.5)
Berne study (unpublished)b 1/14 (7) 0/15 (0) 2/14 (14) 10/15 (67) 19.7 (2.3) 29.1 (3.6)
29c 1/50 (2) 2/50 (4) 8/50 (16) 12/50 (24) 13.2 (3.5) 15.3 (4.1)
28a 1/102 (1) 1/102 (1) 14/102 (13) 31/102 (30) 11.6 (4.7) 14.0 (7.7)
30a 0/50 (0) 1/50 (0) 6/50 (12) 15/50 (30) 9.5 (2.9) 12.2 (3.9)
1a 1/23 (4) 1/22 (5) 4/23 (17) 12/22 (55) 9.6 (5.3)d 11.7 (12.0)d

*RR 0.74, 95% CI 0.23–2.35, P =0.609 vs. control.
**RR 0.42, 95% CI 0.23–0.59, P < 0.0001 versus control.
***Effect size (ES) ())0.71, 95% CI ())1.14–())0.28, P =0.001 vs. control, pooled difference ())3.4 days, 95% CI ())5.6–

())1.2 days.
Postoperative feed: aNo artificial feeding; bIMPACT; cStandard formula; dMeans – SD provided by main investigator.

Table 3.
Randomized studies in elective surgery patients evaluating the effect of perioperative application of IMPACT on mortality, rate of

infectious complications, and LOS in hospital

Mortality, number/
total (%)

Patients with infectious
complications, number/total (%)

Hospital days,
mean (SD)

Study Perioperative Control Perioperative* Control Perioperative** Control

Sydney study (unpublished) 0/61 (0) 3/65 (5) 15/61 (25) 32/65 (49) 11.4 (4.0) 12.7 (5.8)
29 0/50 2/50 (4) 5/50 (10) 12/50 (24) 12.0 (3.8) 15.3 (4.1)
28 2/101 (2) 1/102 (1) 16/101 (16) 31/102 (30) 12.2 (4.1) 14.0 (7.7)
30 1/50 (2) 0/50 (0) 5/50 (10) 16/50 (32) 9.8 (3.1) 12.0 (4.5)
39 0/102 (0) 1/104 (1) 14/102 (14) 31/104 (30) 11.1 (4.4) 12.9 (4.6)
38 0/82 (0) 0/47 (0) 19/82 (25) 19/47 (41) 15.3 (9.1) 17.4 (11.9)
37 0/78 (0) 0/76 (0) 10/78 (13) 18/76 (24) 22.2 (4.1) 25.8 (3.8)

*RR 0.49, 95% CI 0.39–0.62, P < 0.0001 vs. control.
**ES ())0.48, 95% CI ())0.68–())0.28, P < 0.0001 vs. control, pooled difference ())2.4 days, 95% CI ())3.1–())1.7 days.
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was also associated with a significant decrease in LOS in

hospital (ES ())0.73, 95% CI ())1.18–())0.29,

P = 0.001), a pooled difference of ())3.5 days, 95% CI

())5.1–())1.9 days. Comparison of postoperative IM-

PACT supplementation with a standard enteral formula

showed that LOS in hospital again decreased significantly

(ES ())0.84, 95% CI ())1.43–())0.25, P = 0.006),

whereas postoperative IMPACT supplementation vs. i.v.

control showed a decrease that did not reach statistical

significance (ES ())0.47, 95% CI ())1.1–0.16, P = 0.145;

Table 4).

There was no significant difference in mortality for the 3

subgroups, preoperative (RR 0.74, 95% CI 0.23–2.35,

P = 0.51), perioperative (RR 0.48, 95% CI 0.14–1.61,

P = 0.23), or postoperative (RR 0.87, 95% CI 0.36–2.10,

P = 0.75) IMPACT supplementation (Tables 2–4).

As shown in Table 7, when specific postoperative

complications were analyzed in GI surgical patients pre-

operative IMPACT supplementation resulted in fewer

abdominal abscesses (RR 0.44, 95% CI 0.16–1.19,

P = 0.107), fewer wound infections (RR 0.56, 95% CI

0.29–1.07, P = 0.077), significantly less pneumonia (RR

0.38, 95% CI 0.18–0.83, P = 0.015), fewer UTIs (RR

0.64, 95% CI 0.28–1.47, P = 0.142), fewer episodes of

sepsis (RR 0.29, 95% CI 0.05–1.71, P = 0.169), and

fewer anastomotic leaks (RR 0.51, 95% CI 0.24–1.05,

P = 0.069). Perioperative application of IMPACT was

associated with significantly fewer abdominal abscesses

(RR 0.43, 95% CI 0.21–0.91, P = 0.027) and wound

infections (RR 0.61, 95% CI 0.38–0.96, P = 0.033), less

pneumonia (RR 0.54, 95% CI 0.34–0.87, P = 0.011),

fewer UTIs (RR 0.53, 95% CI 0.23–1.19, P = 0.122) and

episodes of sepsis (RR 0.53, 95% CI 0.22–1.27,

P = 0.153), as well as significantly fewer anastomotic

leaks (RR 0.52, 95% CI 0.28–0.95, P = 0.034). The test

for heterogeneity for all parameters was not significant

(P = 0.58–0.99). Significantly fewer abdominal ab-

scesses (RR 0.48, 95% CI 0.24–0.98, P = 0.044), but no

significant improvement in the other types of postopera-

tive complications was found in the subset of GI patients

supplemented postoperatively (Table 7).

Sensitivity Analysis

The status of publication did not affect the overall out-

come. When limiting analyses to the 14 published stud-

ies, IMPACT supplementation continued to significantly

reduce infectious complications (RR 0.50, 95% CI 0.42–

0.60, P < 0.0001), and LOS in hospital (ES ())0.63, 95%

CI ())0.83–())0.43, P < 0.0001), resulting in a pooled

difference between group means of ())3.0 days, 95% CI

())3.7–())2.3 days (data not shown). Again, no signifi-

cant effect was detected with regard to mortality (RR

0.75, 95% CI 0.40–1.42, P = 0.37) in the patient popu-

lation (data not shown). When measures of postoperative

morbidity were analyzed in the published studies alone,

Table 4.
Randomized studies in elective surgery patients evaluating the effect of the postoperative application of IMPACT on mortality, rate

of infectious complications, and LOS in hospital

Mortality, number/
total (%)

Patients with infectious
complications, number/total (%)

Hospital days,
mean (SD)

Study Postoperative Control Postoperative Control Postoperative Control

36 0/60 (0) 0/58 (0) 0/60 (0)*,** 2/58 (3) 13.1 (2.5)#,� 14.5 (3.0)
35 1/87 (1.1) 2/87 (2.3) 13/87 (15)*,** 20/87 (23) 16.1 (6.2)#,� 19.2 (7.9)
33 3/77 (3.9) 2/77 (2.6) 14/77 (18)*,** 19/77 (25) 27.0 (2.3)#,� 30.6 (3.1)
32 0/14 (0) 0/14 (0) 3/14 (21)*,** 6/14 (43) 14.5 (8)#,� 14.0 (19)
31 1/30 (3.3) 2/30 (6.6) 1/30 (3)*,** 11/30 (37) 16 (0.9)#,� 22 (2.9)
7 2/41 (4.9) 0/44 (0) 5/41 (12)*,** 13/44 (30) 18.8 (11.1)#,� 20.4 (9.6)
35 1/87 (1.1) 2/86 (2.3) (i.v.) 13/87 (15)*,*** 24/86 (28) (i.v.) 16.1 (6.2)#,� 21.6 (8.9) (i.v.)
34 2/97 (2.1) 3/98 (3.1) (i.v.) NR NR 11 (4–41)#,�,a 10 (6–75)a (i.v.)
32 0/14 (0) 0/14 (0) (i.v.) 3/14 (21)*,*** 6/14 (43) (i.v.) 14.5 (8)#,� 14.0 (10.3) (i.v.)

NR: Not reported.
*RR 0.55, 95% CI 0.41–0.75, P = 0.0001 vs. enteral + i.v. control.
**RR 0.56, 95% CI 0.39–0.82, P = 0.003 vs. enteral control.
***RR 0.53, 95% CI 0.31–0.91, P = 0.02 vs. i.v. control.
#ES ())0.73, 95% CI ())1.18–())0.29, P = 0.001 vs. enteral + i.v. control, pooled difference ())3.5 days, 95% CI ())5.1–

())1.9 days.
�ES ())0.84, 95% CI ())1.43–())0.24, P = 0.006 vs. enteral control.
�ES ())0.47, 95% CI ())1.1–0.16, P = 0.145 vs. i.v. control.
aMedian (range).
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IMPACT supplementation remained associated with sig-

nificantly fewer abdominal abscesses (RR 0.45, 95% CI

0.28–0.72, P = 0.001) and wound infections (RR 0.64,

95% CI 0.45–0.94, P = 0.021), less pneumonia (RR 0.55,

95% CI 0.39–0.77, P = 0.001), and fewer anastomotic

leaks (RR 0.54, 95% CI 0.36–0.81, P = 0.002), whereas

a reduction in UTIs (RR 0.62, 95% CI 0.37–1.05,

P = 0.076) was no longer statistically significant

(Table 6). The test for heterogeneity for all parameters

was not significant (P = 0.84–0.99).

When analyses were limited to studies of upper and

lower GI procedures and the results from 3 studies were

excluded (1,37, and Amsterdam), the outcomes of mor-

bidity, LOS in hospital, and mortality did not change.

IMPACT groups had significantly reduced infectious

complications (RR 0.50, 95% CI 0.42–0.60, P < 0.0001)

and LOS in hospital (ES ())0.72, 95% CI ())0.94–

())0.50, P < 0.0001), resulting in a pooled difference

between group means of ())3.2 days, 95% CI ())4.1–

())2.4 days (data not shown). No significant effect on

mortality was determined in the patient population (RR

0.72, 95% CI 0.38–1.37, P = 0.32; data not shown).

Analyses (Table 6) identified comparable reductions in

the various outcomes of postoperative morbidity, and

complications were significantly avoided, with the

exception of septic episodes, in the IMPACT group

(P = 0.001–0.013).

Applying above the sensitivity analyses, significant

reductions in infectious complications and LOS in hospital

were observed under pre- and perioperative IMPACT

supplementation (results not shown), whereas signifi-

cance was lost in the postoperative group.

When limiting analyses to 10 studies of moderate to high

quality (Jadad score ‡3), IMPACT supplementation con-

tinued to significantly reduce infectious complications (RR

0.49, 95% CI 0.41–0.60, P < 0.0001), and LOS in hospital

(ES ())0.61, 95% CI ())0.79–())0.43, P < 0.0001),

resulting in a pooled difference between group means of

())2.6 days, 95% CI ())3.1–())2.1 days (data not shown).

Again, no significant effect was detected with regard to

mortality (RR 0.72, 95% CI 0.32–1.62, P = 0.37) in the

patient population (data not shown). When measures of

postoperative morbidity were analyzed in the moderate to

high quality studies alone, IMPACT supplementation re-

mained associated with significantly fewer abdominal ab-

scesses (RR 0.40, 95% CI 0.22–0.73, P = 0.003) and

wound infections (RR 0.58, 95% CI 0.37–0.90, P = 0.015),

less pneumonia (RR 0.54, 95% CI 0.38–0.76, P = 0.0001),

and fewer anastomotic leaks (RR 0.53, 95% CI 0.35–0.81,

P = 0.003; Table 6). Identical results were found when

limiting analyses to the 9 studies that were evaluated on an
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‘‘intent-to-treat’’ basis. IMPACT supplementation showed

significantly reduced infectious complications (RR 0.48,

95% CI 0.39–0.59, P < 0.0001) and LOS in hospital (ES

())0.76, 95% CI ())1.05–())0.47, P < 0.0001), resulting in a

pooled difference between group means of ())3.4 days,

95% CI ())4.6–())2.2 days (data not shown) and signifi-

cantly reduced abdominal abscesses, wound infections,

pneumonia, and anastomotic leaks (Table 6). Restricting

the analyses to 8 blinded studies yielded comparable re-

sults with the exception that the reduction in abdomi-

nal abscesses was no longer statistically significant

(Table 6). Limiting the analyses to the 10 studies that used

isonitrogenous, isocaloric control feed also yielded com-

parable results with the exception that the reduction in UTIs

and abdominal abscesses was no longer statistically sig-

nificant (Table 6).

DISCUSSION

As a result of medical advances, surgical procedures

are generally less invasive. Paradoxically, infection rates

associated with hospital stays are increasing. Further-

more, with extended hospital stays, the risk of infection

increases. The surgical patient is at a particularly high risk

of infection when visceral organ beds are involved.

Immunity is compromised due to the stress of tissue

ischemia and reperfusion combined with blood hemor-

rhage and transfusion. Furthermore, the GI surgical pa-

tient is at risk of the common and costly postoperative

complication of elective surgery, the anastomotic leak.

The present meta-analysis describes the efficacy of

IMPACT specialized nutritional support in a patient popu-

lation at a high risk of postoperative complications. One

consistent formulation was used in each of the 17 studies

evaluated, providing homogeneity across trials in the

quality and relative quantity of immune modulating nutri-

ents administered. No adverse effects have been ob-

served in the arginine, omega-3 fatty acid and nucleotide

(IMPACT specialized nutrition) supplemented patient

groups. The preoperative supplementation period lasted

5–7 days and delivered 0.5–1 l of IMPACT special-

ized nutritional support per day, on average. In 10 of the

17 trials, IMPACT was compared with an isocaloric,

isonitrogenous control product; therefore, the observed

differences in clinical outcome cannot be attributed to the

calorie or nitrogen content of the experimental formula. Our

analyses revealed a significant relative reduction in the risk

of all described postoperative infections with the supple-

mentation of IMPACT. Sensitivity analyses demonstrated

that, under supplementation with IMPACT, the results

regarding the significant reduction in infectious complica-

tions per se, in LOS in hospital by more than 2 days, and in

abdominal abscesses, wound infections, and pneumonia

were very robust.

The analyses provide the first comparison of the pre-,

peri-, and postoperative application of IMPACT special-

ized nutritional support. Building and expanding upon

previous meta-analyses2–5, which demonstrated signifi-

cant immune-related treatment effects, our meta-analysis

detected significant reductions in specific types of post-

operative infections. Pneumonia and UTIs were reduced

significantly (�50%) in all studies, whereas wound

infections were down �35% and �40% in all and GI-

specific studies respectively. The length of hospital stay

after surgery was reduced in 15 of the 17 studies ana-

lyzed, contributing to an overall reduction in LOS in

hospital of more than 2 days. Such findings parallel a

recent report that describes the health-economic advan-

tage of using specialized nutrition for 5 days prior to

surgery in GI patients.40

The beneficial effects of IMPACT on clinical outcomes

in elective surgery patients were associated with the ini-

tiation of supplementation. Significant reductions in

infectious complications and LOS in hospital were ob-

served in all groups independent of whether IMPACT

specialized nutrition support was given pre-, peri-, or

postoperatively. Our analysis of postoperative outcomes

in surgical patients suggests that the ingredient formula-

tion of IMPACT appears to provide therapeutic advanta-

ges beyond the standard nutritional support. Best

outcomes were observed when IMPACT was supple-

mented during the preoperative period, generally 0.5–

1.0 l/day for 5–7 days before surgery. Supplementation

significantly lowered complication rates for wound infec-

tions, pneumonia, UTIs, and abdominal abscesses in

elective surgical patients, as well anastomotic leaks in GI

surgical patients. Since a similar number of studies were

evaluated for all three modes of IMPACT supplementa-

tion, our results accurately reflect the reduced efficacy of

postoperative specialized nutritional support alone, how-

ever, better than standard methods of support.

Of the 17 studies analyzed, 14 involved patients under-

going upper or lower GI surgery, offering a unique oppor-

tunity to characterize a clinically homogeneous patient

population. Here, we saw the most substantial benefit of

IMPACT supplementation, an approximately 60% reduc-

tion in the frequency of abdominal abscesses following GI

surgery (Table 6). The incidence of anastomotic leaks, a

major complication of GI surgery with considerable rates of

morbidity and mortality (up to 30% mortality), and cost41,42,

was significantly reduced (�50%) with perioperative IM-

1602 Waitzberg et al.: Nutrition for Elective Surgery



PACT supplementation (Table 7). Our analyses show that

preoperative IMPACT specialized nutritional support is of

substantial benefit, while early postoperative supplemen-

tation does not increase the risk of anastomotic leak as

confirmed by subgroup analysis (Table 7). Improved oxy-

genation and perfusion of gut vasculature with IMPACT

supplementation11,28 may be responsible for this clinical

benefit. In fact, a significant correlation between decreased

colon microperfusion and increased rate of dehiscence in

rectal surgery has been reported.43 Our findings indicate

that IMPACT provides therapeutic benefits beyond stan-

dard nutrition. Furthermore, our findings indicate that IM-

PACT promotes the healing of intestinal anastomoses

performed during GI surgery, as we saw a consistent

reduction in the incidence of anastomotic leaks with pre-

operative supplementation. Collectively, IMPACT supple-

mentation appears warranted in surgical patients as part of

the proactive approach to infection control. For the maxi-

mum benefit, patients should receive 0.5–1 l of IMPACT

for 5–7 days before surgery. In cases in which full preop-

erative treatment is not possible, early postoperative sup-

port with IMPACT can improve postoperative outcomes

beyond standard nutrition.
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