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ABSTRACT. Background: Since the hepatosplanchnic region
plays a central role in development of multiple-organ failure
and infections in critically ill trauma patients, this study
focuses on the influence of glutamine, peptide, and synbiotics
on intestinal permeability and clinical outcome. Methods: One
hundred thirteen multiple injured patients were prospectively randomized into 4 groups: group A, glutamine; B, fermentable fiber; C, peptide diet; and D, standard enteral formula with fibers combined with Synbiotic 2000 (Synbiotic
2000 Forte; Medifarm, Sweden), a formula containing live
lactobacilli and specific bioactive fibers. Intestinal permeability was evaluated by measuring lactulose-mannitol excretion
ratio on days 2, 4, and 7. Results: No differences in days of
mechanical ventilation, intensive care unit stay, or multipleorgan failure scores were found between the patient groups.

A total of 51 infections, including 38 pneumonia, were
observed, with only 5 infections and 4 pneumonias in group D,
which was significantly less than combined infections (p ⫽ .003)
and pneumonias (p ⫽ .03) in groups A, B, and C. Intestinal
permeability decreased only in group D, from 0.148 (0.056 –
0.240) on day 4 to 0.061 (0.040 – 0.099) on day 7; (p ⬍ .05). In
group A, the lactulose-mannitol excretion ratio increased significantly (p ⬍ .02) from 0.050 (0.013– 0.116) on day 2 to 0.159
(0.088 – 0.311) on day 7. The total gastric retention volume in 7
days was 1150 (785–2395) mL in group D, which was significantly more than the 410 (382–1062) mL in group A (p ⬍ .02),
and 620 (337–1190) mL in group C (p ⬍ .03). Conclusions:
Patients supplemented with synbiotics did better than the others, with lower intestinal permeability and fewer infections.
( Journal of Parenteral and Enteral Nutrition 31:119 –126, 2007)

Most of the immune system is localized in the gut
and in the vicinity of the gut, which offers a great
potential to affect its function and enhance resistance
to disease. Central to disease resistance is the acute
phase response and inflammatory cascade, which is reported to be exaggerated and prolonged in those who
later have complications such as multiple-organ
failure (MOF) and various infections, especially chest
infections.1,2 The gut becomes a “cytokine-generating
organ,” which precedes the development of secondary
morbidity.3,4 In order to control and modulate the
acute-phase response, several immune-enhancing
diets have been developed and tried, but results thus
far have been quite disappointing.5–7 It has recently
been concluded that commercial (so-called) immunonutrition cocktails “do more harm than good.”7,8 More
than ever, there is a great need for specific substances
with the ability to modulate the immune response and
improve resistance to secondary morbidity. Among
those substances suggested as possessing such abilities
are various antioxidants, glutamine, fermentable plant
fibers, and lactic acid bacteria.

Low levels of glutamine, which have been observed
in the critically ill, are associated with immune dysfunction and increased mortality.9 In experimental
animals, oral intake of glutamine has been shown to
prevent depletion of the antioxidant glutathione in the
lymphocytes in Peyer’s patches. Oral glutamine has
also been shown to reduce cytokine release, organ damage, and mortality in rats with induced endotoxemia.10,11 Therapeutic effects were observed only with
doses ⬎0.2 g/kg/d. Although supply of these high doses
of glutamine is more easily achieved parenterally, it
has been suggested that the enteral supply of glutamine maintains gut barrier function more effectively
than via the parenteral route.12 Immunoenhancing
effects have also been reported from the use of prebiotics (plant fibers) and probiotics, eg, lactic acid bacteria (LAB). Glucans are reported to reduce the morbidity and mortality rate in hospital infections in trauma
patients.13 A significant reduction in morbidity has
also been reported with the supply of synbiotics (combination of prebiotic fibers and probiotic LAB) perioperatively, as well as in acute pancreatitis.14 –17
The acute phase response is immediate; hence
attempts to modulate it must be early. Enteral nutrition has proven more effective in modulating the subsequent inflammation if introduced early.18 The normal lactic acid microbial flora disappears within hours
in critically ill patients, most likely as a result of the
stress of the disease and the medical treatment insti-
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tuted.19 We therefore attempted to institute enteral
nutrition and supply the supplementary treatments as
early as possible. No patient was admitted to the study
with a history longer than 24 hours.
To date, no study has looked at the effects of synbiotics in acute trauma patients. The influence of glutamine and peptides is also far from fully explored in
this category of patients. This study was undertaken to
investigate the possibilities of these various treatments. The primary endpoint was to determine
whether and to what extent these specific compounds
affect intestinal permeability (IP), whereas the secondary endpoints were to assess the influence of the treatments on the infection rate, mortality, intensive care
unit (ICU) stay, days of mechanical ventilation and the
occurrence of MOF.
MATERIAL AND METHODS

The study was conducted in a 20-bed university surgical ICU. Multiple injured patients with an Injury
Severity Score (ISS) of ⬎18 and at least a 4-day ICU
stay were eligible for the study.20 Intragastric tube
feeding was begun upon admission to the ICU—at the
latest 24 hours after injury—at a rate of 30 mL/hour for
4 hours, after which the feeding was interrupted for 2
hours to assess gastric intolerance. The gastric content
was aspirated, and if the volume was ⬍200 mL, the
feeding was reinstituted, with the rate being increased
by 50% to 100%. The maximum volume was maintained at 160 mL/hour. Enteral nutrition was stopped
during 6 night hours. At the sign of increased gastric
residual, 10 mg metoclopramide was administered 3
times daily and a constant feeding volume maintained
for a period of 4 hours. If increased gastric residual was
observed twice on repeat gastric aspirations, or vomiting occurred, feeding was discontinued for 6 hours. The
aim of the feeding was to achieve the target value of
between 0.2 and 0.3 gN/kg body weight/d and an average of 25 nonprotein kcal/kg body weight/d at 72 hours
after admission. No preventive antibiotic or H2-blocker
treatment was given. Parenteral solutions were used to
complement the nutrition needs. Using closed envelopes, the patients were randomly allocated into 4
groups at the beginning of the study:
● Group A: Alitraq (Abbott-Ross, Abbott Park, IL)
5.25 g protein, 16.5 g carbohydrate, 1.55 g fat and
1.55 g glutamine, 446 mg arginine, 154 mg ␣-linolenic acid per 100 mL. Osmolarity 480 mOsml/L.
● Group B: Nova Source (Novartis Medical Nutrition,
Basel, Switzerland) 4.1 g protein, 14.4 g carbohydrate, 3.5 g fat, 2.2 g fermentable fibers as fermentable guar gum per 100 mL. Osmolarity 228 mOsm/L.
● Group C: Nutricomp peptide (B. Braun, Melsungen,
Germany) 4.5 g hydrolyzed protein, 16.8 g carbohydrate, 1.7 g fat per 100 mL. Osmolarity 400 mOsm/L.
● Group D: Nutricomp standard (B. Braun) 3.7 g protein, 13.7 g carbohydrate, 3.3 g fat per 100 mL.
Osmolarity 240 mOsm/L. Patients in this group also
received a supplement of a synbiotic consisting of
1010 Pediococcus pentosaceus 5–33:3, 1010 Lactococcus raffinolactis 32–77:1, 1010 Lactobacillus paracasei subsp paracasei 19, 1010 Lactobacillus plantarum

2362 and 2.5 g of each of the following 4 fibers: ␤
glucan, inulin, pectin, and resistant starch per sachet
(Synbiotic 2000; Medipharm Kågeröd, Sweden and
Des Moines, IA).21,22 The contents of the sachets
were dissolved in 100 mL of lukewarm sterile water,
mixed carefully, and then added separately, before
feeding was started.
The Acute Physiologic Chronic Health Evaluation
(APACHE) II score was calculated individually for
each patient at the time of admission to ICU.23 MOF
scores were determined daily from admission to day 7,
or until the day of discharge from ICU. Organ functions
were assessed by estimation of serum aspartate, alanine-aminotransferase, total bilirubin, creatinine, leukocyte and platelet counts, and respiratory gases in
arterial blood. MOF was rated on a 3-point MOF scale
either as not present, 0; moderate, 1; or severe, 2.24 On
days 2, 4, and 7 after admission to the ICU, IP was
evaluated by measuring lactulose-mannitol (L/M)
excretion. For the purpose of the study, after 6 hours of
fasting, the patients were instantly infused via a nasogastric tube with 5 g of M and 10 g of L mixed in 100
mL of water. Four mL of 20% chlorhexidine was added
to the urine bag. Urine was collected over a period of 6
hours, and 5 mL was stored at ⫺20°C until analysis.
Urinary L and M were determined simultaneously by
thin-layer chromatography.25 Investigators were
blinded to the study groups. Urinary excretion was
calculated from the urinary concentrations (c) of
L and M, using the following formulas:
%L ⫽ c ⫻ L ⫻ urine volume per 6 h/
amount of L given enterally
%M ⫽ c ⫻ M ⫻ urine volume per 6 h/
amount of M given enterally
L/M ratio ⫽ %L/%M.
Microbiological specimens were collected and nosocomial infections were recorded as recommended by
the Centers for Disease Control and Prevention and
consensus conferences on ventilator-associated pneumonia.26,27
Procalcitonin (PCT) levels were measured daily
using a specific 2-monoclonal antibody immunoluminometric assay (ILMA; Brahms Diagnostica GmbH, Berlin, Germany).28
The study protocol was approved by the Medical
Ethics Committee of the Republic of Slovenia. Before
the study, informed consent was obtained from all
patients or their relatives.
Statistical Analysis
Descriptive statistics were calculated for the entire
sample and for the individual study groups. Group
differences were tested with the Mann-Whitney U test,
2 and Fisher’s exact test for numeric and categorical
variables, respectively. Pearson’s correlation test was
performed to determine the associations among variables. In all analyses, a p value ⬍ .05 was deemed
statistically significant.
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TABLE I
Patient data

113 Patients, 25 women

Average

Age, y
ISS
APACHE II
Days receiving mechanical
ventilation
Days of ICU treatment
Initiation of EN after trauma, h
Volume of EN during first 24 h, mL
Total volume of EN during first
4 days, mL
Gastric retention volume during
first week, mL
Average MOF scores
L/M index day 2
L/M index day 4
L/M index day 7

SD

41.0
30
13
13.0

18.9
11
7
11.3

17.1
15.9
344
2931

14.2
8.3
325
1480

1095

1003

3.1
0.1120
0.2186
0.2041

1.3
0.1633
0.3707
0.5068

APACHE, Acute Physiologic Chronic Health Evaluation; EN, enteral
nutrition; ICU, intensive care unit; ISS, Injury Severity Score; L/M,
lactulose-mannitol; MOF, multiple organ failure.

RESULTS

One hundred thirty-two patients were initially considered for the study. Eight patients died before the
fourth day, 9 were discharged from the ICU during the
first 48 hours after admission, whereas informed consent was not obtained for 2 patients. Therefore, 113
patients (88 men and 25 women) were included in the
final analysis. The patients’ characteristics are shown
in Table I.
Seven patients died during their stay in ICU, 1
patient from group A and 2 from each of groups B, C,
and D. The differences in mortality between the groups
were not statistically significant. The patients who
died were significantly older than the survivors: 71
(65–72.5), vs 36 (23–51) years (p ⬍ .0004); had higher
admission APACHE II scores: 18 (17.5–19.6) vs 13
(8 –18; p ⬍ .015); developed higher MOF scores: 4.1
(3.8 – 4.6) vs 3.1 (2.0 – 4.0; p ⬍ .02); received less feeding
in comparison to survivors during the first 4 days: 1670
mL (550 –2815) vs 2900 mL (2277–3720; p ⬍ .04); and
showed higher volumes of gastric retention: 815 mL
(400 –1575) vs 360 mL (165–378; p ⬍ .0004).
The patients developed 51 infections during their
ICU stay: 16 in group A, 17 in group B, 13 in group C,

TABLE II
Infections

Pneumonia
Urinary tract
Vascular
Wound
Positive hemocultures
Others
All infections

Group A

Group B

Group C

Group D

Total

11
1
1
1
1
1
16

12
0
1
2
2
0
17

11
0
0
2
0
0
13

4
0
0
1
0
0
5

38
1
2
6
3
1
51

Significant difference in the cumulative infection rate among groups
A, B, C, and D (exact 2 p ⫽ .021) and between infections in groups
A-C vs D group (Fisher’s exact test p ⫽ .003). Nonsignificant difference in the pneumonia rate among groups A, B, C, D (exact 2 p ⫽
.1377) but significant in groups A-C vs D group (Fisher’s exact test
p ⫽ .03249).
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and 5 in group D. Thirty-eight patients were diagnosed
with pneumonia: 11 in group A, 12 in group B, 11 in
group C, and 4 in group D. One patient in group A had
a urinary tract infection; 1 patient in group A and 1 in
group B had intravascular catheter infections; 6
patients had wound infections (1 in group A, 2 in group
B, 2 in group C, and 1 in group D); 3 had positive blood
cultures (1 in group A and 2 in group B). The numbers
of specific infections (urinary, vascular, wounds, positive hemocultures, and others) were, with the exception of pneumonia, low and there were no statistically
significant differences between the groups or the rate
of pneumonia (exact 2 p ⫽ .138). However, difference
in pneumonia became significant (Fisher’s exact test
p ⫽ .032; Table II) when group D (16% overall rate of
pneumonia) was compared with the combined groups
A-C (40%). The reduction in the cumulative infection
rate was statistically significant among groups A, B, C,
and D (exact 2 p ⫽ .021) and between combined infections in groups A, B, and C vs group D (Fisher’s exact
test p ⫽ .003).
The differences between patients fed with glutamine
supplements (group A) and those fed with supplements
of fermentable fibers (group B) are shown in Table III.
Group A commenced EN 15.5 (13–20.3) hours after
injury, which was significantly (p ⬍ .04) later than
group B, 12.5 (9.6 –15) hours after injury. Yet group B
patients had a significantly (p ⬍ .05) higher average
gastric retention volume 740 (530 –1510) mL compared
with group A patients, who had 410 (382–1062) mL.
The patients in group A also exhibited significantly
lower ISS than those in group C (p ⬍ .005) and had a
lower average PCT value (p ⬍ .005; Table IV).
Group D patients had higher ISS and APACHE II
than group A (p ⬍ .02 and .03, respectively) and a
significantly higher gastric retention volume of 1150
(785–2395) mL compared with 410 (382–1062) mL in
group A (p ⬍ .02). However, group D exhibited a lower
PCT value. The L/M index on day 7 in group D was
0.061 (0.040 – 0.099), which was significantly less than
in group A’s index, 0.159 (0.088 – 0.311; p ⬍ .05; Table
V).
A comparison of patients who received Synbiotic
2000 (group D) and those who received 1 fermentable
fiber supplement without lactobacilli (group B)
revealed no differences, with the exception that
patients in group B received more feeding during the
first 24 hours compared with group D (p ⬍ .03; Table
VI).
Patients in group C exhibited a significantly higher
average PCT (1.25 [range, 1.00 –2.32], p ⬍ .0003) than
those in group D, 0.20 (0.10 – 0.72), even if they
received more feeding during the first 24 hours (p ⬍
.04) and had less gastric retention (p ⬍ .03) than those
in group D (p ⬍ .04; Table VII).
No differences were found between the patients in
groups B and C, except that the latter had a significantly higher average PCT (p ⬍ .024; Table VIII).
There was an increase in IP until day 7 in all groups
except in group D, in which a significant drop in the
L/M index was found on day 7, being 0.1476 (0.0565–
0.2400) on day 4 and 0.0606 (0.0404 – 0.0995) on day 7
(p ⬍ .05). In contrast, there was a significant rise in
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TABLE III
Comparison between multiple injured patients fed with glutamine supplements (A) and those fed with soluble fiber supplements (B)

Age, y
ISS
APACHE II
Days receiving mechanical ventilation
Days of ICU treatment
Initiation of EN after trauma (h)
Volume of EN first 24 h (mL)
Collective volume of EN first 4 days (mL)
Average gastric retention volume first week (mL)
Average CRP
Average PCT
Average MOF
L/M index day 2
L/M index day 4
L/M index day 7

A (32 patients), median (Q1–Q3)

B (29 patients), median (Q1–Q3)

p values for U test

31 (23–50)
26 (22–33)
11 (4.5–18)
10 (6–16)
14 (8.3–23)
15.5 (13–20.3)
250 (157–562)
2720 (2356–3700)
410 (382–1062)
120 (95–142)
0.51 (0.41–1.58)
2.5 (2.0–3.6)
0.050 (0.013–0.116)
0.102 (0.029–0.201)
0.159 (0.088–0.311)

36 (22–51)
30 (24–35)
14 (11–18)
12 (8–15)
16 (10–21)
12.5 (9.6–15)
430 (100–600)
3250 (2400–3700)
740 (530–1510)
135 (108–164)
0.50 (0.10–1.80)
3.5 (2.6–4.0)
0.041 (0.022–0.154)
0.075 (0.031–0.170)
0.083 (0.052–0.124)

.84
.16
.06
.91
.92
.04
.44
.20
.05
.22
.62
.20
.57
.83
.83

Significant differences in bold.
APACHE, Acute Physiologic Chronic Health Evaluation; CRP, C-reactive protein; EN, enteral nutrition; ICU, intensive care unit; ISS, Injury
Severity Score; L/M, lactulose-mannitol; MOF, multiple-organ failure; PCT, procalcitonin.

group A, from 0.041 (0.022– 0.154) on day 2 to 0.159
(0.088 – 0.311) on day 7 (p ⬍ .02; Figure 1).
There was no correlation between the average
amount of glutamine supplied up to day 4 (13 ⫾ 6 g per
day) and the L/M index on day 4 (r ⫽ ⫺0.02; 95% CI,
0.37– 0.34; exact p ⫽ .91), nor between the amount of
glutamine given up to day 7 (12 ⫾ 6 g per day) and the
L/M index on day 7 (r ⫽ 0.41; 95% CI, 0.29 – 0.83; exact
p ⫽ .24). No correlation was observed between the
amount of glutamine given and the average MOF score
(r ⫽ ⫺0. 11; 95% CI, 0.22– 0. 42; exact p ⫽ .52).
DISCUSSION

Severe trauma is associated with a high incidence of
septic complications and the multiple organ dysfunction syndrome, which markedly influence patient outcome. Nutrition plays an important role in the function
of the immune system in these critically ill patients. In
recent years, enteral nutrition has become the preferred method of feeding critically ill patients, and
several substrates with presumably immunomodula-

tory effects have been added to enteral diets. Nevertheless, analyses of separate groups of critically ill
patients have shown that the beneficial effects are not
the same for each patient population and substance
added.29,30
In this study, no differences were observed in mortality, ICU stay, and days of mechanical ventilation
between the groups treated with the various immunomodulatory supplements. Yet patients supplemented
with Synbiotic 2000 developed fewer infections and
had consequently lower PCT levels than those receiving fiber or peptide diets, even if they had larger gastric
retention volumes. The gastric retention volume, as
measured by repeat gastric aspirations, was asymptomatic and did not seem to increase the risk of regurgitation or chest infections, as other authors have
recently reported in the literature.31 Instead, the presence of synbiotics in the stomach and intestinal tract
might have contributed to the elimination of potentially pathogenic flora from the stomach and hereby
contributed to the reduction in the incidence of pneu-

TABLE IV
Differences between multiple injured patients fed with glutamine supplements (A) and those fed a peptide diet (C)

Age, y
ISS
APACHE II
Days receiving mechanical ventilation
Days of ICU treatment
Initiation of EN after trauma (h)
Volume of EN first 24 h (mL)
Collective volume of EN first 4 days (mL)
Average gastric retention volume first week (mL)
Average CRP
Average PCT
Average MOF
L/M index day 2
L/M index day 4
L/M index day 7

A (32 patients), median (Q1–Q3)

C (26 patients), median (Q1–Q3)

p values for U test

31 (23–50)
26 (22–33)
11 (4.5–18)
10 (6–16)
14 (8.3–23)
15.5 (13–20.3)
250 (157–562)
2720 (2356–3700)
410 (382–1062)
120 (95–142)
0.51 (0.41–1.58)
2.5 (2.0–3.6)
0.050 (0.013–0.116)
0.102 (0.029–0.201)
0.159 (0.088–0.311)

41 (26–54)
35 (25–42)
13.5 (10–18)
8 (4–15)
11.5 (6–20)
12.8 (10–18)
387 (87–740)
2675 (1515–3908)
620 (337–1190)
134 (63–182)
1.25 (1.00–2.32)
3.4 (2.8–4)
0.076 (0.032–0.103)
0.085 (0.043–0.160)
0.103 (0.066–0.183)

.55
.005
.11
.20
.28
.12
.21
.93
.90
.45
.005
.16
.22
.64
.76

Significant differences in bold.
APACHE, Acute Physiologic Chronic Health Evaluation; CRP, C-reactive protein; EN, enteral nutrition; ICU, intensive care unit; ISS, Injury
Severity Score; L/M, lactulose-mannitol; MOF, multiple-organ failure; PCT, procalcitonin.
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TABLE V
Differences between multiple injured patients fed with glutamine supplements (A) and those fed soluble fiber supplements and lactobacilli (D)

Age, y
ISS
APACHE II
Days receiving mechanical ventilation
Days of ICU treatment
Initiation of EN after trauma (h)
Volume of EN first 24 h (mL)
Collective volume of EN first 4 days (mL)
Average gastric retention volume first week (mL)
Average CRP
Average PCT
Average MOF
L/M index day 2
L/M index day 4
L/M index day 7

A (32 patients), median (Q1–Q3)

D (26 patients), median (Q1–Q3)

p values for U test

31 (23–50)
26 (22–33)
11 (4.5–18)
10 (6–16)
14 (8.3–23)
15.5 (13–20.3)
250 (157–562)
2720 (2356–3700)
410 (382–1062)
120 (95–142)
0.51 (0.41–1.58)
2.5 (2.0–3.6)
0.050 (0.013–0.116)
0.102 (0.029–0.201)
0.159 (0.088–0.311)

48 (29.5–60)
34 (26–39)
13.5 (11.5–19)
11 (7–18.3)
12 (8.5–21.3)
13.3 (10–17.3)
125 (40–407)
2655 (2135–3560)
1150 (785–2395)
124 (107–166)
0.20 (0.10–0.72)
3.6 (2.9–4.2)
0.085 (0.022–0.133)
0.148 (0.056–0.240)
0.061 (0.040–0.099)

.10
.02
.03
.93
.61
.08
.15
.78
.02
.48
.04
.32
.34
.54
.05

Significant differences in bold.
APACHE, Acute Physiologic Chronic Health Evaluation; CRP, C-reactive protein; EN, enteral nutrition; ICU, intensive care unit; ISS, Injury
Severity Score; L/M, lactulose-mannitol; MOF, multiple-organ failure; PCT, procalcitonin.

monia. It should also be observed that enteral nutrition
in this study was achieved by gastric feeding, so the
larger amounts of fibers administered into the stomach
in group D might add to the increased volumes of
gastric contents, as it is well known from the literature
that dietary fibers increase gastroesophageal reflux
but not gastric empting.32 In this study, synbiotic supplementation with 4 fibers (group D) influenced gastric
emptying, in contrast to the smaller dose of only 1
fermentable fiber (group B).
The increase in IP in critically ill patients, which has
been observed in different groups of patients with
shock, burns, and multiple injuries, is known to
decrease with the introduction of enteral nutrition.18,33
In our group of 113 multiple injured patients, IP
showed uniform growth until day 4 in 3 of the 4 patient
groups, despite enteral nutrition, with only the patient
group supplemented with Synbiotic 2000 exhibiting a
significant drop on day 7. It should be emphasized that
the glutamine-supplemented group showed a significant rise in IP, even though glutamine has been
described as a substance that maintains gut structure

in experimental settings in animals fed either enterally or parenterally.34,35 Glutamine should therefore be
expected to decrease IP. In fact, most human studies
suggest that the parenteral supply of glutamine is
associated with a significant decrease in IP, whereas
studies using the enteral route show variable
results.36 –38 Novak and colleagues12 suggested that
intolerance problems are the main obstacle to higher
glutamine supplementation during enteral nutrition
and thus recommended its parenteral use. Hulsewé
and coauthors,39 however, were unable to document
any improvements in gut morphology and barrier function after the parenteral application of a glutamineenriched solution. Our glutamine-supplemented
patients received a relatively low dose of 13 ⫾ 6 g
glutamine per day, which could possibly explain the
ineffectiveness of the treatment. However, no correlation was observed between the amount of glutamine
given and the severity of IP, or between the amounts of
glutamine given and the average MOF scores. In addition, the commercial diet, which was used in combination with glutamine supplementation, also contained

TABLE VI
Differences between multiple injured patients fed with soluble fiber supplements (B) and those fed with soluble fiber supplements and lactobacilli (D)

Age, y
ISS
APACHE II
Days receiving mechanical ventilation
Days of ICU treatment
Initiation of EN after trauma (h)
Volume of EN first 24 h (mL)
Collective volume of EN first 4 days (mL)
Average gastric retention volume first week (mL)
Average CRP
Average PCT
Average MOF
L/M index day 2
L/M index day 4
L/M index day 7

B (29 patients), median (Q1–Q3)

D (26 patients), median (Q1–Q3)

p values for U test

36 (22–51)
30 (24–35)
14 (11–18)
12 (8–15)
16 (10–21)
12.5 (9.6–15)
430 (100–600)
3250 (2400–3700)
740 (530–1510)
135 (108–164)
0.50 (0.10–1.80)
3.5 (2.6–4.0)
0.041 (0.022–0.154)
0.075 (0.031–0.170)
0.083 (0.052–0.124)

48 (29.5–60)
34 (26–39)
13.5 (11.5–19)
11 (7–18.3)
12 (8.5–21.3)
13.3 (10–17.3)
125 (40–407)
2655 (2135–3560)
1150 (785–2395)
124 (107–166)
0.20 (0.10–0.72)
3.6 (2.9–4.2)
0.085 (0.022–0.133)
0.148 (0.056–0.240)
0.061 (0.040–0.099)

.21
.23
.88
.83
.44
.65
.03
.47
.19
.58
.39
.99
.83
.42
.41

Significant differences in bold.
APACHE, Acute Physiologic Chronic Health Evaluation; CRP, C-reactive protein; EN, enteral nutrition; ICU, intensive care unit; ISS, Injury
Severity Score; L/M, lactulose-mannitol; MOF, multiple-organ failure; PCT, procalcitonin.
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TABLE VII
Differences between multiple injured patients fed with peptide diets (C) and those fed with soluble fiber supplements and lactobacilli (D)

Age, y
ISS
APACHE II
Days receiving mechanical ventilation
Days of ICU treatment
Initiation of EN after trauma (h)
Volume of EN first 24 h (mL)
Collective volume of EN first 4 days (mL)
Average gastric retention volume first week (mL)
Average CRP
Average PCT
Average MOF
L/M index day 2
L/M index day 4
L/M index day 7

C (26 patients), median (Q1–Q3)

D (26 patients), median (Q1–Q3)

p values for U test

41 (26–54)
35 (25–42)
13.5 (10–18)
8 (4–15)
11.5 (6–20)
12.8 (10–18)
387 (87–740)
2675 (1515–3908)
620 (337–1190)
134 (63–182)
1.25 (1.00–2.32)
3.4 (2.8–4)
0.076 (0.032–0.103)
0.085 (0.043–0.160)
0.103 (0066–0.183)

48 (29.5–60)
34 (26–39)
13.5 (11.5–19)
11 (7–18.3)
12 (8.5–21.3)
13.3 (10–17.3)
125 (40–407)
2655 (2135–3560)
1150 (785–2395)
124 (107–166)
0.20 (0.10–0.72)
3.6 (2.9–4.2)
0.085 (0.022–0.133)
0.148 (0.056–0.240)
0.061 (0.040–0.099)

.24
.61
.88
.20
.56
.83
.04
.65
.03
.86
.0003
.84
.90
.21
.17

Significant differences in bold.
APACHE, Acute Physiologic Chronic Health Evaluation; CRP, C-reactive protein; EN, enteral nutrition; ICU, intensive care unit; ISS, Injury
Severity Score; L/M, lactulose-mannitol; MOF, multiple-organ failure; PCT, procalcitonin.

arginine in a dose of 446 mg per 100 mL. The latter has
been reported to be unsuitable for critically ill
patients.7 A recent study on 185 trauma patients was
unable to prove any advantage of enteral supplementation of glutamine alone or in combination with arginine.40
A significant drop in IP was seen in the group supplemented with the synbiotic formula. We therefore
conclude that early enteral administration of Synbiotic
2000 to patients after injury induces a significant drop
in IP by the end of the first week. In our previous study
of multiple injured patients who received early enteral
feedings with Jevity (Abbott-Ross), which contains
14.4 g of fibers per L, we observed a decrease of IP on
day 4. Unfortunately, no comparison can be made
between Synbiotic 2000 and Jevity, as no measurements were made on day 7 in the previous study.18
The effects observed with the synbiotic treatment
used in this study are most likely specific, as they have
not been documented before with any synbiotic or fiber
treatment.17,41,42 However, a minimal influence of a
commercial probiotic composition plus a small dose of

fiber in critically ill patients has recently been reported.43,44 It was found to favorably alter the microbial
composition of the upper gastrointestinal tract but not
to have any effect on IP, nor to be associated with any
measurable clinical benefit.43 In that study, EN was
commenced considerably later than in our present one,
and a mixture of yogurt bacteria and lactobacilli was
used, which probably have a low survival in gastric
juice and therefore less immunologic effect. Our treatment was started as soon as possible after admission in
apparently stabilized patients, and never ⬎24 hours
after trauma, and was continued as long as the
patients remained in the ICU. The LAB preparations
in that study were supplied in a concentration of 109 in
contrast to 1010 in the present study. Furthermore, a
freeze-dried powder dissolved before use was used in
our study as opposed to capsules—which might be disputable—in the other study.42
Another study did not find any beneficial effects of
5 ⫻ 107 strains of Lactobacillus plantarum 299v when
supplied postoperatively to surgical patients; the most

TABLE VIII
Differences between multiple injured patients fed with peptide diets (C) and those fed with soluble fiber supplements (B)

Age, y
ISS
APACHE II
Days receiving mechanical ventilation
Days of ICU treatment
Initiation of EN after trauma (h)
Volume of EN first 24 h (mL)
Collective volume of EN first 4 days (mL)
Average gastric retention volume first week (mL)
Average CRP
Average PCT
Average MOF
L/M index day 2
L/M index day 4
L/M index day 7

C (26 patients), median (Q1–Q3)

B (29 patients), median (Q1–Q3)

p values for U test

41 (26–54)
35 (25–42)
13.5 (10–18)
8 (4–15)
11.5 (6–20)
12.8 (10–18)
387 (87–740)
2675 (1515–3908)
620 (337–1190)
134 (63–182)
1.25 (1.00–2.32)
3.4 (2.8–4)
0.076 (0.032–0.103)
0.085 (0.043–0.160)
0.103 (0.066–0.183)

36 (22–51)
30 (24–35)
14 (11–18)
12 (8–15)
16 (10–21)
12.5 (9.6–15)
430 (100–600)
3250 (2400–3700)
740 (530–1510)
135 (108–164)
0.50 (0.10–1.80)
3.5 (2.6–4.0)
0.041 (0.022–0.154)
0.075 (0.031–0.170)
0.083 (0.052–0.124)

.77
.08
.72
.24
.27
.60
.71
.46
.13
.78
.024
.86
.52
.99
.90

Significant differences in bold.
APACHE, Acute Physiologic Chronic Health Evaluation; CRP, C-reactive protein; EN, enteral nutrition; ICU, intensive care unit; ISS, Injury
Severity Score; L/M, lactulose-mannitol; MOF, multiple-organ failure; PCT, procalcitonin.
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FIGURE 1. Dynamics of the lactulose-mannitol index in multiple injured patients fed with supplements of glutamine (A), soluble fibers (B),
peptide diet (C), and the group fed with supplements of soluble fibers and lactobacilli (D). *Significant rise in group A from 0.050
(0.013– 0.116) on day 2 to 0.159 (0.088 – 0.311) on day 7 (p ⬍ .02) and from 0.050 (0.013– 0.116) on day 2 to 0.102 (0.029 – 0.201) on day 4 (p ⬍
.057). **Significant drop in group D, from 0.1476 (0.0565– 0.2400 on day 4 to 0.0606 (0.0404 – 0.0995) on day 7 (p ⬍ .05).

obvious reason for failure is probably that the dose
used was too small.44
As for the peptide diet, our main reason for choosing
the group fed with this diet, which showed no difference in comparison to others, was that it did not contain glutamine or fibers, and hence its main purpose
was to serve as a control. This diet has also been
proposed to be more efficacious and better tolerated
than whole-protein formulas in critically ill patients.
However we were unable to find any advantage of this
feeding, which is in line with other observations.45
It is difficult to deliver a sufficient amount of immunomodulatory substance to critically ill patients, as
they often have intolerance problems, as discussed
in the review of enteral immunonutrition.12 Supplemented glutamine and fermentable fibers were
diluted in a commercial diet. However, the Synbiotic
was administered before feeding started in the morning; hence, some of its influence could be attributed to
this administration protocol, which favors the full addition of immunonutrient. Our original intention was
to deliver all the supplements in the same manner,
but Synbiotic, which contains pectin, caused tube
clogging when added to the formula, so the manufacturer’s instructions were followed, with Synbiotic being
administered before feeding.
Therefore, in order to avoid the influence of intolerance problems on the delivery of immunonutrients, it
might be advisable to administer all immunomodulatory supplements separate from feedings.
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