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ABSTRACT

BACKGROUND: Bacterial translocation (BT) is suggested to play a major role in the 
development of infections in surgical patients. However, the clinical association between 
intestinal barrier dysfunction, BT, and septic morbidity has remained unconfirmed. 

AIM: To study BT in patients undergoing major abdominal surgery and the effects of 
probiotics, selective decontamination of the digestive tract (SDD) and standard treatment 
on intestinal barrier function. 

METHODS: In a randomized controlled setting, 30 consecutive patients planned for elective 
pylorus preserving pancreatico-duodenectomy were allocated to receive peri-operative 
probiotics, SDD, or standard treatment. To assess intestinal barrier function, Intestinal Fatty 
Acid Binding Protein (I-FABP) (mucosal damage) and polyethylene glycol (PEG) recovery 
(intestinal permeability) in urine were measured peri-operatively. BT was assessed by real-
time polymerase chain reaction (q-PCR) and Multiplex ligation-dependent probe 
amplification (MLPA) in MLNs harvested early (baseline control) and at the end of surgery 
(after 3 hours in PPPD patients) intra-operatively (‘end-of-surgery’ MLNs). 

RESULTS: PCR detected bacterial DNA in 18/27 of ‘end-of-surgery’ MLNs and in 13/23 of 
control MLNs (P=0.378). Probiotics and SDD had no significant effect on the number of 
positive MLNs or the change in bacterial DNA during operation. MLPA analysis showed 
significantly increased expression of only 4 of 30 inflammatory mediator-related genes in 
‘end-of-surgery’ compared to early sampled MLN (P<0.05). PEG-recovery was unaffected by 
operation, probiotics and SDD as compared to standard treatment. I-FABP levels were 
increased shortly postoperatively only in patients treated with SDD (P=0.02). 

CONCLUSIONS: Probiotics and SDD did not influence BT, intestinal permeability, or 
inflammatory mediator expression. BT after abdominal surgery may be part of normal 
antigen-sampling processes of the gut. [ISRCTN71637623]

INTRODUCTION

Sepsis, systemic inflammatory response syndrome (SIRS) and multiorgan failure after major 
abdominal surgery remain major causes of morbidity and mortality in the surgical ICU. The 
“gut origin of sepsis” hypothesis proposes that the passage of enteric bacteria across the 
intestinal mucosal barrier to local mesenteric lymph nodes (MLN) and ultimately to other 
organs may cause SIRS or sepsis at extra-intestinal sites1. This process of bacterial 
translocation (BT) is hypothesized to be the consequence of a disturbance at the three levels 
of host-bacterial interactions: 1) intestinal lumen: decreased intestinal motility and small 
bowel bacterial overgrowth, 2) mucosal barrier: increased gut permeability secondary to 
failure of the mucosal barrier, and 3) dysregulation of intestinal and systemic immune 
system2. 

The clinical and pathophysiological significance of BT remains controversial3-6. Animal 
experiments support the concept that BT is a major contributor to sepsis originating from 
the gut. A large number of clinical studies have shown an association of BT with an increased 
incidence of septic morbidity caused by gut-derived bacteria in surgical and critically ill 
patients2,7. However, few studies have confirmed a causal relationship between BT and 
infection4-6. Hence the evidence for the gut origin of sepsis in humans remains inconclusive. 
Moreover, others have suggested that bacterial passage across the intestinal barrier occurs 
under physiological conditions and is unrelated to sepsis8,9. 

Clinical studies are required to determine the prevalence of BT as well as the exact 
mechanism leading to inflammatory responses and ultimately to clinical signs and symptoms. 
The discrepancy between the reported incidence of BT in clinical and experimental studies 
is substantial, varying from approximately 10-15% in surgical patients to numbers greater 
than 90% in animal studies10. This might be explained by differences in culture methods, 
bacterial species involved and models used4,8,10.  

Probiotics and selective decontamination of the digestive tract (SDD) with oral and short-
term systemic antibiotics are two different regimes that may modulate BT in clinical 
practice7,11-16. SDD has been found to reduce mortality in two different trials with ICU 
patients11,13 compared to standard treatment. However, clinical studies evaluating direct 
effects of probiotics and SDD on BT are lacking. The routine use of SDD and probiotics has 
remained controversial and has not been recommended in international guidelines. Both 
treatment modalities allegedly exert effects on aforementioned levels of host-bacterial 
interactions that play a pathofysiological role in BT. By reducing BT, SDD and probiotics 
might reduce the risk of a postoperatively increased inflammatory response and sepsis. The 
principle of SDD is to selectively diminish pathogenic enteric Gram-negative microbes in 
preference to commensal anaerobic bacteria. SDD has been demonstrated to reduce 
intestinal bacterial load and respiratory tract infections in the critically ill12-14,16. Probiotics are 
non-pathogenic bacteria that can improve intestinal barrier function, reduce gram-negative 
bacterial populations through competition with potential pathogens, and accomplish local 
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and systemic immunomodulation2. Experimental studies have demonstrated a reduction in 
BT following the administration of probiotics17,18. Several clinical studies using prophylactic 
probiotics in patients undergoing elective abdominal operations have reported a reduction 
of infectious postoperative infectious complications, whereas others have not2,7,15,19,20. 
Recently, a randomized, placebo-controlled multicenter trial on probiotic prophylaxis in 
predicted severe acute pancreatitis was the first study to demonstrate an unexpected 
adverse effect of probiotics. Patients treated with probiotics demonstrated a significant 
increase in mortality without an effect on infectious complications21. Hence, a widespread 
discussion was initiated on the role of probiotic prophylaxis and the exact mechanism 
leading to adverse events in patients with organ failure. A recent systematic review 
demonstrated that many probiotics have been used safely in patients receiving nutritional 
support, although some probiotic products (strains or combinations) have been shown to 
increase the risk of complications in specific patient groups22. 

The objective of this randomized controlled trial was to study the theoretical cascade of 
events: mucosal damage, intestinal permeability, BT and subsequent local inflammatory 
responses in patients scheduled for major abdominal surgery, being a pylorus preserving 
pancreatico-duodenectomy (PPPD) for a suspected pancreatic malignancy. The effect of 
prophylactic administration of probiotics and selective decontamination of the digestive 
tract (SDD) on perioperative gut barrier function was studied in comparison with standard 
treatment (no perioperative prophylaxis) to confirm or reject the proposed theoretical 
cascade of events. Increased insight in the chain of events leading to postoperative 
inflammatory responses can target the selection of future interventions.

PATIENTS AND METHODS

Study design
This study is a randomized controlled trial of 30 consecutive adult patients scheduled for a 
PPPD with curative intent for a periampullary or ampullary pancreatic malignancy. Patients 
were included between May 2005 and April 2006 in two Dutch University Medical Centers: 
the Academic Medical Center, Amsterdam and the University Medical Center, Utrecht. The 
study was approved by the local ethics committees, and all patients gave written informed 
consent before study entry. Exclusion criteria were: antibiotic administration other than for 
study purposes within a week preoperatively and the use of probiotic products within 4 
weeks before or during the study period. Moreover, patients with bilirubin levels higher 
than 50 mg/L were excluded, as severe cholestasis may be an important factor influencing 
BT23. Complete medical history and clinical examination, laboratory parameters, and 
disease-specific examinations were evaluated.

Patients were randomly assigned (via a computer generated random list and non-opaque 
blinded, sealed, sequentially numbered envelopes) to one of 3 treatment groups: standard 
treatment plus a multispecies probiotic preparation (Winclove Bio Industries, Amsterdam, 
the Netherlands) (n=10), standard treatment plus a SDD regime (n=10), or standard 
treatment alone (n=10). Probiotics were started orally 7 days preoperatively and administered 
until 7 days after surgery. A multispecies product was used (Ecologic 641)24 consisting of 6 
probiotic strains. The dose was 3 grams twice a day, an equivalent of 1 x 1010 bacteria. SDD 
administration started 4 days prior to surgery with topical and oral components. SDD 
consisted of topical application in the oropharynx (2% polymixin E, 3% tobramycin and 2% 
amphtericin B) plus an oral component (polymixin E 100 mg, tobramycin 121,5 mg, 
amphotericin B 500 mg). One day before surgery the intravenous (systemic) component 
was added (Cefotaxim 1000 mg). All (oral and intravenous) SDD components were 
administrated 4 times daily and all were continued throughout 2 postoperative days. In all 
patients, a nasojejunal tube, with the tip distal from the pylorojejunostomy, was placed 
intraoperatively to secure topical administration. The standard (control) group received 
neither perioperative probiotics nor SDD. 

According to the standard hospital protocol, oral intake was suspended at midnight before 
surgery. All patients received Cefuroxim and Metronidazole as perioperative antibiotic 
prophylaxis 30 minutes prior to surgery and postoperative enteral nutrition through the 
nasojejunal tube. Administration of morphine was minimized by use of peri-operative 
epidural analgesics. 

Sample collection
Twenty-four hour urine was collected at 8 days preoperative (t=-8), 1 day preoperative (t=-
1), 1 day postoperative (t=1) and 7 days postoperative (t=7) and stored at -20 0C. Blood 
samples were collected at baseline (t=0; time of abdominal incision), 8 hours after surgical 
incision (t=8h), and 1, 2, and 7 days after operation (t=1, 2 and 7 respectively), centrifuged 
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at 1200 x g, 10 minutes, 4 ºC, and plasma was stored at -80 0C. Immediately after opening 
of the abdomen, a MLN from the proximal jejunal mesenteric area was excised (baseline 
control). At the end of the operation, after at least 3 hours in PPPD patients, two additional 
MLNs were harvested: one from the mesentery of the proximal jejunum and one from the 
mesentery of the distal ileum. Throughout the study these MLNs are referred to as ‘end-of-
surgery’ MLNs. A biopsy was also taken from the proximal jejunum after transection of the 
jejunum for reconstruction of intestinal continuity after PPPD. New surgical blades were used 
for each tissue harvest. Immediately after retrieval at the operating room the collected tissues 
were divided into several fragments, snap-frozen in liquid nitrogen, and stored at -80 0C. 

Intestinal permeability: PEG recovery in urine 
Assessment of the recovery of polyethylene glycol (PEG) was performed as described 
previously25. Patients ingested a solution of 5 g PEG with a molecular mass of 400, 1.5 g 
PEG 1500, 5 g PEG 4000, and 10 g PEG 10,000 in 100 mL water. Urinary excretion of PEGs 
was analysed by reversed-phase high performance liquid chromatography. Detection limits 
were 0.05 mg/mL for PEG 400 and 0.005 mg/mL for PEGs 1500, 4000, and 10,000. 
Recovery of PEGs was expressed as the percentage of the administered dose recovered in 
24 h urine. PEG 400 is assumed to freely pass the intact intestinal mucosal barrier, whereas 
larger PEG molecules only pass when intestinal permeability is compromised. Therefore, 
PEG 400 acted as a ‘positive control’ and tests were excluded when its recovery was less 
than 10%. PEG 1500 recovery values 8 days before surgery (t=-8), prior to any supplements, 
were used as baseline values. Hence, 1 day prior to operation (t=-1), 1 day postoperatively 
(t=1) and 7 days postoperatively (t=7) were calculated as the increase or decrease compared 
to baseline PEG 1500 values (%).

Mucosal damage: I-FABP in urine
Intestinal I-FABP concentrations were determined in 100 µL urine samples from the 24 hour 
volumes collected for the PEG permeability test. The assay was performed by enzyme-linked 
immunosorbent assay (ELISA) using a commercially available kit (Hycult Biotechnology b.v. 
Uden, The Netherlands)26. Assays were performed in accordance with the manufacturer’s 
instructions. To compensate for differences in urinary volume, the total amount of I-FABP 
excreted was calculated by multiplying I-FABP concentration by total 24 hour urine volume. 
The standard range of the assay is 20 - 5000 pg/ml with a detection limit of 51 pg/ml. 
I-FABP values 8 days before surgery (t=-8), prior to any supplements, were used as baseline 
values. Subsequently, values were presented as the relative increase or decrease in I-FABP as 
compared to baseline values and expressed as ng per 24 hours.

Bacterial translocation: q-PCR 
Bacterial DNA for PCR was prepared by placing frozen MLN tissue in commercial lysis buffer 
(ATL buffer; Qiagen, Venlo, The Netherlands) for DNA isolation. Subsequently, DNA was 
extracted using a commercial kit (Qiagen DNEasy Tissue purification kit, Venlo, The 
Netherlands) according to the manufacturer’s instructions. The resulting DNA solution was 
collected and stored at -20°C. Quantitative PCR was performed using a Smart Cycler 

(Cepheid, USA) using SYBR Green 1 (Molecular Probes, Leiden, The Netherlands) as a 
fluorescent marker. The q-PCR reaction mixture for the optimized SYBR Green I-based assay 
consisted of 0.1 µl 1:200 dilution of SYBR Green I, 12.5 µl Smart Cyclerkit (Eurogentec, 
Maastricht, The Netherlands), 6.9 µl nuclease free water (Promega, USA), 0,25 µl (50µM) 
forward primer and 0,25 µl (50µM) reverse primer. For the determination of the bacterial 
load the universal primers P16S907F (5’-AACGCGAAGAACCTTAC-3’) and P16S1100R 
(5’-CGGTGTGTACAAGACCC-3’) were used to amplify the V6 region of the bacterial 16S 
rRNA gene 27. The reaction mixtures contained 5 µl of isolated DNA or water as a no-
template control. The thermal cycling conditions used were an initial DNA denaturation 
step at 95°C for 300 s followed by 35 cycles of denaturation at 95°C for 15s, primer 
annealing at 55ºC for 20 s and extension at 72°C for 30 s. Finally, melting curve analyses 
were performed after amplification to distinguish the targeted PCR product from the non-
targeted PCR product by slowly heating the PCR mixtures from 60 to 95°C (0.3°C per cycle) 
with simultaneous measurement of the SYBR Green I signal intensity. Reactions with a melting 
peak lower than 80ºC were analyzed as negative. The amount of DNA was normalized against 
isolated DNA from a serial dilution of know concentrations of Escherichia coli bacteria. All 
values higher than 100 CfU/ml were considered to be positive.

Inflammatory response in lymph nodes: MLPA 
The MLPA assay was used to demonstrate changes in RNA expression of inflammation-
related genes in MLNs. RNA expression was expressed relative to the household gene B2M 
(Beta-2-Microglobulin). We targeted a set of human genes involved in inflammation and 
assessed specific changes in gene expression between baseline ‘end-of-surgery’ lymph 
node tissue. RNA expression of cytokines, enzyme and enzyme inhibitors, transcription 
factors and oncogenes, and other cellular factors in MLNs were analysed. RNA was isolated 
from MLNs using a commercial kit (Nucleospin® RNA II, Macherey-Nagel GmbH & Co., KG 
Düren, Germany) according to manufacturer’s instructions. Frozen MLNs were homogenized 
in liquid nitrogen using a mortar and pestle. After completion of the protocol total RNA was 
dissolved in 60 µL RNase-free water and stored at -80°C until further analysis. MLPA human 
inflammation kits (kit R009, MRC-Holland, Amsterdam, The Netherlands) were used. MLPA 
was performed according to the manufacturer’s instructions with RNA in a concentration of 
10–80 ng RNA/µL. The mRNA of multiple inflammatory molecules was analyzed by MLPA as 
described previously28.

Statistical analysis
Sample size calculation was based on an expected 20% difference in bacterial counts 
between group means (i.e. SDD/probiotics/standard) with a standard deviation of 15%. To 
detect this difference with a 2-sided 0.05 significance level and a statistical power of 80%, 
a sample size of 10 patients was required per treatment group. All data were presented as 
median with interquartile range (IQR: P25-P75) unless stated differently. Categoric data (i.e. 
q-PCR) were analyzed using the two-tailed Fisher exact test. When comparing multiple 
groups, data were tested with Kruskal Wallis tests for non-parametric data. To compare the 
change in peroperative RNA expression (i.e. MLPA), we used a non-parametric repeated 
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measures ANOVA with rank transformed values with a correction for treatment effect (i.e. 
SDD/probiotics/standard). The distribution of values over time between groups was analyzed 
using repeated measures with a non-parametric or parametric ANOVA, depending on 
presence or absence of normal distribution of data. Normal distribution was assessed in a 
parametric repeated measures model with time as a fixed factor using residuals with a 
histogram and a Shapiro-Wilk test >0.90. Significance was set at P<0.05 (two-tailed) 
throughout, with appropriate Bonferroni corrections for multiple comparisons. Statistical 
analyses were performed using SPSS for Windows version 16.0.0.1 (SPSS Inc, Chicago, 
Illinois).

RESULTS

Demographic and clinical data
Demographic and clinical characteristics of the study population are summarized in Table 1. 
Study groups were comparable for all baseline characteristics. Postoperative infectious 
complications are listed in Table 1. The time interval between harvesting the two MLNs was 
>3 hours for all PPPD patients (of which 1 per group underwent a standard 
pancreaticoduodenectomy (PD)). The median operation time in PPPD patients was 320 
minutes (IQR 283 - 413) and 195 minutes in bypass patients (IQR 90-270). 

Table 1. Demographic and clinical data
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Intestinal permeability: PEG 1500 recovery in urine
Figure 1 shows recovery of the PEG molecule with molecular weight of 1500 in urine 
samples over time. PEGs 4000 and 10,000 were not detectable. PEG recovery values did not 
significantly change over time. The distribution of PEG 1500 recovery in urine over time was 
comparable for the three treatment groups (P=0.746). Patients with relatively high bacterial 
counts did not demonstrate higher PEG recovery values (data not shown). 

Mucosal damage: I-FABP in urine
I-FABP levels in urine relative to baseline values (t=-8) are presented in Figure 2. One day 
preoperatively (t=-1), all three groups showed near undetectable I-FABP levels, as described 
in healthy individuals26. One day postoperatively (t=1), I-FABP levels were significantly 
elevated only in the SDD group (P=0.020). The course of excretion of I-FABP in urine over 
time of the SDD group was statistically different when compared to the two other groups 
(P=0.038). Nevertheless, patients with relatively high bacterial counts in MLNs did not 
demonstrate higher I-FABP values compared to those with lower bacterial counts (data not 
shown). The standard range of the assay is 20- 5000 pg/ml with a detection limit of 20 pg/
ml. Due to the absence of cross-reactivity of the employed poly- or monoclonal antibodies 
with other FABP types, the specificity of FABP immunochemical assays is generally high26.

Bacterial translocation and inflammatory response in lymph nodes: q-PCR and MLPA
q-PCR
Real-time q-PCR was used to amplify a gene region (16S ribosomal RNA) that is found in all 
bacteria. Table 2 depicts bacterial DNA detected in ‘end-of-surgery’ (>3 hours after start 
surgery) MLNs compared to control MLNs per treatment group. When combining all 
treatment groups, bacterial DNA was detected in 18 of 27 ‘end-of-surgery’ MLNs as 
compared to 13 of 23 control MLNs (Table 2a) (P=0.378). Quantative analysis of q-PCR (in 
CfU/ml) showed no significant difference between groups nor between control and ‘end-
of-surgery’ MLNs (Table 2b). None of the treatment groups showed a significant change 
over time in bacterial DNA as measured by q-PCR (Table 2c). In biopsies of the jejunum, 
bacterial DNA was detected in 3 of 8 of biopsies in the group receiving standard treatment, 
5 of 8 in the probiotics group and 4 of 7 in the group receiving SDD. 

Figure 1. Distribution of PEG 1500 recovery (% of the administered dose) for patients undergoing major 
abdominal surgery receiving no additional peri-operative supplements (control treatment, white bars), SDD 
(hatched bars) or probiotics (black bars) at 8 days prior to operation (t=-8; baseline / no supplements received), 
1 day prior to surgery (t=-1), 1 day postoperatively (t=1) and 7 days postoperatively (t=7)). Changes compared 
to baseline value (t=-8) are depicted. Comparison between groups by repeated measures ANOVA (P=0.746).

Figure 2. Distribution of I-FABP levels in urine for patients undergoing major abdominal surgery receiving no 
additional peri-operative supplements (control treatment, white bars), SDD (hatched bars) or probiotics (black 
bars) at 8 days prior to operation (t=-8; baseline / no supplements received), 1 day prior to surgery (t=-1), 1 day 
postoperatively (t=1) and 7 days postoperatively (t=7). Changes compared to baseline value (t=-8) in nanograms 
excreted in 24 hours are depicted. Patients receiving the SDD regime demonstrated a significant elevation one 
day postoperatively (t=1) (P=0.02). The course of excretion of I-FABP in urine over time of the SDD group was 
statistically different when compared to the two other groups (repeated measures ANOVA P=0.038). 

Table 2a. Comparison of q-PCR results in MLNs harvested early (control) versus late
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MLPA
RNA expression of genes of inflammatory mediators are listed in Table 3. After Bonferroni 
correction for multiple testing only RNA expression of PTPN1, THBS1, NFkB1 and MYC was 
elevated in ‘end-of-surgery’ MLNs. Notably, none of the genes showed a significant decrease 
in peroperative RNA expression. No major differences were seen in RNA expression of the 
various genes between treatment groups. No significant differences were observed in gut 
barrier function parameters (I-FABP, PEG recovery) or change in detected bacteria in MLNs 
(q-PCR) between patients who underwent Whipple procedures in comparison to patients 
who underwent a bypass.

Table 2b. Quantative analysis of q-PCR results in MLNs (CfU/ml)  

Table 2c. Change in bacterial DNA detected by q-PCR in MLNs

Table 3. RNA expression of inflammatory mediator-related genes as assessed by MLPA
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DISCUSSION

This study assessed the occurrence of BT during a major abdominal operation by comparing 
bacterial DNA in MLNs several hours after start of surgery to baseline sampled MLNs. 
Bacterial DNA was detected similarly in some baseline and some ‘end-of-surgery’ MLNs. 
Patients with relatively high bacterial counts did not demonstrate increased mucosal 
damage or intestinal permeability levels. SDD and probiotic prophylaxis had no effect on 
‘end-of-surgery’ MLN bacterial counts. These findings suggests that BT might be present as 
part of normal antigen-sampling processes of the gut-associated lymphoid tissue and does 
not clearly increase as a result of surgery.  

This is the first clinical trial on this subject to use the novel method of MLPA to monitor 
changes in RNA expression of inflammation-related genes in MLNs complementary to PCR 
bacterial DNA assessment. After post hoc correction for multiple testing, only inflammatory 
genes PTPN1, NFkB1, MYC and THBS1 showed a significant elevation in expression in 
MLNs. RNA expression of well-known early pro-inflammatory mediators such as TNF, IL1ß 
and IL6 was not increased. Also, RNA expression of anti-inflammatory cytokine IL-10 
remained unchanged in MLNs. None of the genes showed a significant decrease in 
peroperative RNA expression. These results indicate that no major inflammatory responses 
were initiated by new contact with gut-derived bacteria or bacterial products. Alternatively, 
the sampling of MLN at the end of surgery may have been too early to observe effects of 
BT on expression of inflammation-related genes. 

Whether BT in the human setting is a normal physiological phenomenon or must be attributed 
exclusively to pathological conditions remains a question for debate4,10 The “gut origin of 
sepsis” hypothesis suggests that illness leads to mucosal barrier failure1. Subsequent 
translocation of non-pathogenic commensal bacteria and their survival at distant extra-luminal 
sites may then lead to sepsis5. However, studies have suggested translocation of intact bacteria 
not to occur consistently in patients29. Moreover, growing evidence suggests that BT is in fact 
a physiological phenomenon and appears to be part of the normal antigen-sampling process 
of gut-associated lymphoid tissue9. Many authorities however, consider the role of the gut in 
critical illness to be a dynamic process instead of an all-or-non phenomenon. In the unstressed 
gut, presentation of intestinal microbes via BT occurs regularly to allow the alimentary tract to 
be exposed to and sample antigens within the lumen. This results in a controlled local immune 
response of the gut which functions to protect the patient from developing infection. The gut 
has been proposed in numerous recent studies to be the motor of the systemic inflammatory 
response syndrome through a host of different mechanisms independent of translocation3,30. 
Septic complications arise only when BT overwhelms the host’s immune defences or the 
immune response is otherwise defective. Hence, in the critically ill, the inability to mount an 
effective immune response and the massive release of stress hormones and inflammatory 
mediators, coupled with failed integrity of the mucosal barrier, may render the patient 
susceptible to microbial invasion that can promote the development of sepsis. BT may thereby 
serve as a promoter of septic morbidity instead of functioning as an initiator3,6,10,29.

Unfortunately, absolute control values in healthy individuals to confirm the hypothesis of BT 
are lacking, as MLN sampling without surgery is not possible and surgery for research 
purposes only not desirable or ethical. Thus far, one had to rely on experimental BT data. 

The study group comprised patients planned for elective pylorus preserving pancreatico-
duodenectomy and was chosen to represent patients undergoing major abdominal surgery. 
As a consequence of a post-operative decrease in intestinal motility, a high incidence of 
bacterial overgrowth and subsequent bacterial translocation is expected in this patient 
category31. As opposed to other patient categories at high risk for bacterial translocation, 
such as burn or trauma patients, this patient category chosen in the present trial has two 
major advantages: this setting enables per-operative tissue sampling and, in contrast to 
burn and trauma, this is an elective setting with the possibility of prophylactic treatment 
making this even more clinically relevant.

Loss of intestinal barrier function is assumed to be the first step leading to BT. This study 
assesses two different phases in gut barrier integrity following major abdominal surgery 
using urinary excretion of I-FABP and of enterally administered polyethylene glycols (PEGs) 
with varying molecular weights. I-FABP is a small (15kd) protein that constitutes 2% of all 
protein in enterocytes at the tip of intestinal villi and is considered a valuable marker of early 
small bowel mucosal damage and intestinal ischaemia26. The recovery of PEGs in urine is 
representative of the second phase of loss of gut barrier function: increased intestinal 
permeability. An association of increased intestinal permeability with organ failure, 
infectious complications and mortality has been reported in patients with acute pancreatitis25. 

Bacteria have been cultured in extra-intestinal tissues after bowel manipulation during 
abdominal surgery. The process by which bacteria appear in distant tissues after surgical 
manipulation is suggested to occur via alteration of the gut barrier function and subsequent 
promotion of bacterial translocation32. In the present study, elective major abdominal 
surgery did not elicit a significant effect on mucosal barrier function or intestinal permeability 
after standard treatment, as assessed by I-FABP and PEG urinary recovery respectively, 
indicating that intestinal barrier function was unaffected by the operation. Loss of intestinal 
barrier function is regarded as the underlying mechanism leading to BT. Hence, it is unlikely 
that bacteria in our study population translocated as a result of surgery and bowel 
manipulation. However, conclusions must be drawn with caution as I-FABP and PEG recovery 
values demonstrated considerable variation, limiting analysis for association with only 10 
patients per group.

Only in the SDD group significantly increased I-FABP levels were found postoperatively, 
although without an effect on BT. Whilst there is strong evidence to suggest that SDD is 
effective in reducing the intestinal bacterial load as well as respiratory tract infections in the 
critically ill12-14,16, no effect on intestinal barrier function could be found. In the present 
study, the administration of probiotic prophylaxis did not exert a significant effect on 
intestinal barrier function as compared to standard treatment. Probiotics have been 
suggested to preserve or reinforce the gastrointestinal mucosal barrier through several 
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mechanisms at the level of the intestinal epithelium: prevention of bacterial adherence to 
the epithelial lining by competitive exclusion, inhibition of pathogenic-induced alterations 
of epithelial permeability, and regulation of enterocyte gene expression involved in 
maintenance of the mucosal barrier. Whereas this hypothesis is supported by a number of 
animal studies in which probiotics are suggested to stabilize the intestinal barrier function 
and minimize BT17,18 clinical evidence of a positive effect of probiotic prophylaxis on intestinal 
barrier function in severely ill patients is lacking. On the contrary, in a number of randomised 
studies intestinal barrier function remained unaffected after administration of probiotics in 
elective surgical and critically ill patients. Also in a recent trial using probiotics in patients 
with acute pancreatitis, increased I-FABP levels were seen compared to placebo controls25. 
No direct relationship between mucosal damage (I-FABP) and intestinal permeability (PEG 
recovery) was observed and no direct relationship between mucosal damage (I-FABP) and 
intestinal permeability (PEG recovery) was observed. This independent relationship between 
parameters is confirmed by animal studies demonstrating maintenance of intestinal barrier 
function despite gaps in the intestinal layer in mice, as well as in human studies of acute 
pancreatitis and experimental endotoxemia25,33,34. 

The culture-based techniques traditionally used to confirm BT are labour intensive, time 
consuming and subject to erroneous interpretation. Culture methods have been reported 
to be capable of detecting only 1 out of 1000 translocated bacteria in MLNs and only 
approximately 40% of the total bacterial community even when excellent bacteriological 
culture methods are used8. Sufficient amounts of microbes and adequate microbial activity 
are essential in culturing techniques and most translocated bacteria may not be viable, and 
thus unable to grow in culture6. Furthermore, bacterial contamination during processing is 
common, and surgical antibiotic prophylaxis is an unavoidable inconvenience10. True control 
levels of bacterial counts in healthy individuals are unavailable for comparison because of 
aforementioned reasons. To overcome these methodological limitations, we used MLNs 
collected as early as possible after abdominal incision, as a best available baseline control. 
Furthermore, we employed q-PCR and MLPA - instead of cultures - as two highly sensitive 
and specific methods for identification of bacterial prevalence and the subsequent 
inflammatory response in MLNs. 

The chosen method of q-PCR did not encompass bacterial viability assessment, so that 
limited conclusions may be drawn concerning the infection-causing properties of detected 
bacteria in this study as an unknown proportion of translocated bacteria may not have been 
viable. Hence, the question whether surgery is associated with a failure to eliminate 
translocating bacteria could not be fully addressed using q-PCR. We attempted to overcome 
this limitation by assessment of the local inflammatory responses in MLNs initiated by 
contact with bacterial products or gut-derived bacteria using MLPA. Furthermore, dividing 
bacteria into a viable and non-viable state may not be an adequate representation of the 
bacterial life cycle. Many bacteria have been known to exist in a ’viable but nonculturable 
state’, with the characteristic potential to regain the ability to cause infection35. 
A major strength of the current study is the randomised controlled setting in which it was 
performed. Furthermore, the present study is the first randomised controlled trial to directly 

compare the effect of probiotic prophylaxis and SDD on BT and parameters of intestinal 
barrier dysfunction. One other trial has previously compared the effect of both treatment 
regimes on infections in patients undergoing a liver transplantation. A significant reduction 
of bacterial infections was demonstrated with probiotics compared to selective bowel 
decontamination36. The present study was not aimed toward a clinical evaluation and not 
powered to evaluate clinical outcomes.

No clear inflammatory mediator expression was induced in MLNs during surgery, nor was a 
clear increase in bacterial DNA observed in these lymph nodes. Bacteria were also found in 
some of the baseline MLNs. Present results suggests that BT pertains to the physiological 
antigen-sampling processes of the gut-associated lymphoid tissue. Prophylactic treatment 
with probiotics and SDD did not affect intestinal permeability and BT after major abdominal 
surgery. Prevention of increased intestinal permeability and BT do not seem dominant 
mechanisms by which published clinical benefits of these treatment modalities can be 
explained. 
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