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ABSTRACT

Background
Perioperative selective decontamination of the digestive tract (SDD) using enteral 
antimicrobials is hypothesized to decrease postoperative infectious complications and 
anastomotic leakage. The decontamination is adequate if the peroperative rectal swabs 
are negative for aerobic Gram-negative bacilli (AGNB) and yeasts. Under these 
circumstances, SDD should lead to a reduction in AGNB and yeast infections.

Aim
To describe the type of bacteria causing postoperative infections after elective gastro-
intestinal (GI) surgery in patients and to analyze the relationship between the bacteria 
causing postoperative infections  and those obtained from peroperative rectal swabs. 

Methods
289 patients who underwent elective GI surgery, were randomized to receive perioperative 
SDD (n = 143) or placebo (n = 146). Perioperative rectal swabs in both groups were taken 
in the operating room to identify the level of AGNB and yeast carriage. If an infection after 
surgery was suspected, diagnostic cultures were taken and patients were treated according 
to hospital protocols.

Results
Perioperative rectal cultures were available in 198 patients, 99 (69%) in the SDD and 99 
(67%) in the placebo group. 64/99 (65%) of the SDD patients with rectal culture were 
successfully decontaminated, while there was no growth of AGNB and yeasts in 9/99 (9%) 
of the placebo patients with culture (p<0.001). 51/64 (79,7%) of successfully decontaminated 
SDD patients remained free from infections, while 4/35 (88,6%) of the not successfully 
decontaminated SDD patients did so (NS). None of the successfully decontaminated SDD 
patients had a Gram-negative wound-, urinary tract infections, Gram-negative bloodstream 
infection or anastomotic leakage.

Conclusion
Perioperative SDD in elective GI surgery reduces peroperative carriage of AGNB and yeasts 
and subsequent postoperative infectious complications and anastomotic leakage. Although 
full decontamination was most effective, this was not yet acquired during surgery in a third 
of the patients with rectal cultures. Optimization of the preoperative SDD regimen is 
therefore required. 
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INTRODUCTION

In contaminated surgery, like gastrointestinal (GI) surgery, the use of a single dose of 
perioperative antibiotic prophylaxis is generally accepted as it decreases postoperative 
infectious complications. When administered at least 30 minutes before incision, adequate 
tissue levels of antibiotics can be achieved.1,2 In surgery the body is under stress and the 
patient’s own flora can cause endogenous infections. Microbial pathogenicity has been 
defined as the structural and biochemical mechanisms whereby microorganisms cause 
disease. However, contamination with bacteria with low Intrinsic Pathogenicity Index (IPI) 
will seldom be followed by an infection.3,4 Type of bacteria, concentration of bacteria, 
damage of intestinal mucosa (ischemia or ileus), malnutrition, and parenteral feeding 
promote translocation from the intestinal tract to organ sites. Potentially pathogenic 
microorganisms (PPMs) can translocate to organ sites and cause postoperative infections.5  
While overgrowth, defined as ≥105, of PPMs increases the risk of infection, absence of  
overgrowth has been shown to  prevent infectious complications. The principle of selective 
decontamination of the digestive tract (SDD) is to eradicate overgrowth of Gram-negative 
bacteria and yeasts from the gastrointestinal tract, while leaving the anaerobic bacteria 
more or less undisturbed.6 The most important source of endogenous infections is thereby 
eliminated. The components of SDD are tobramycin, polymyxin and amphotericin B.7 
Polymyxin and tobramycin are active against AGNB bacteria including Pseudomonas 
aeruginosa, and amphotericin B against yeasts like Candida albicans. The most common 
infectious complications after GI surgery are urinary tract, wound and lower airway 
infections.8 These infections usually occur within 5 days of admission, and are mostly 
caused by AGNB. In addition, during surgery, permeation of endotoxins from the gut into 
the systemic circulation can occur and subsequently cause sepsis, especially if the gut 
barrier is impaired.5 Adequate decontamination reduces endotoxin load and may decrease 
translocation. Recently, we performed a randomized controlled trial (RCT) on the effect of 
SDD in GI surgery on postoperative infectious complications. In this trial, patients 
undergoing elective surgery of the digestive tract were randomized to perioperative SDD 
or placebo, and a significant decrease in postoperative infectious complications was 
observed in the SDD group.9 The present study, aims to present the results of cultures 
taken during the course of the clinical trial, in both SDD and placebo group, before, during 
and after surgery. The two endpoints are to describe the type of bacteria found in 
postoperative infections and to analyze the relationship between these bacteria and the 
bacteria found in perioperative rectal cultures. 

MATERIAL AND METHODS

In 2011 we published a RCT in which  289 patients who underwent elective GI surgery, 
were randomly assigned to receive perioperative SDD or placebo.9  The SDD consisted of 
polymyxin B sulphate 100mg, tobramycin 80mg and amphotericin B 500mg, which was 
taken by mouth 4-times daily for 2 days pre-operatively and postoperatively until oral intake 
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was resumed. Optimal trial medication (SDD or placebo) was defined when it was started 
2 days prior to surgery, i.e. 6 to 8 gifts, until at least the third day of surgery, i.e. 9 to 12 gifts 
postoperative. Placebo consisted of rice starch with water, sorbitol, and the colors E110 
and E 122 mixed with a lemon-banana essence. The primary endpoint was postoperative 
infectious complications within hospital stay or 30 days after surgery. Infectious complications 
were wound, urinary tract, lower airway infections, intra-abdominal abscesses and 
anastomotic leakage. The secondary endpoints were mortality and hospital stay. 

Concomitant treatment
Thirty minutes before incision, all patients received parenteral antibiotics (cefuroxim 
1500mg and metronidazole 500mg) for 24 hours with 8 hours interval according to standard 
hospital protocol. All patients received a urinary catheter perioperatively.  

Cultures
In the outpatient clinic, preoperative diagnostic samples of urine and sputum were taken 
at a maximum of two weeks prior to surgery to identify a possible infection before surgery, 
which was treated if symptomatic and the culture showed more than 105 colony forming 
units (CFU). If a patient developed fever prior to surgery, blood cultures were taken. If an 
infection was diagnosed before surgery, and also diagnosed after surgery, this was not 
counted as a postoperative infection. In the operating room a surveillance rectal culture 
was taken in both groups, to assess if decontamination of PPM was achieved. Adequate 
decontamination was defined as absence of growth of AGNB and yeasts in the rectal 
culture. Postoperative cultures of wound, blood or urine were taken on clinical indication 
and (infectious) complications were treated according to standard protocols.

Definitions of postoperative infections
Wound infection was diagnosed when clinical signs such as redness, purulent discharge 
and tenderness of a wound were present, the culture showed ≥105 micro-organisms and 
the blood tests showed a leukocytosis.  Urinary tract infection was defined as ≥105 PPM 
with clinical symptoms. Pneumonia was defined by a positive culture of sputum with 
leukocytosis and signs of pneumonia on the chest X-ray, like an infiltrate.10 The diagnosis 
anastomotic leakage was made upon clinical signs like abdominal tenderness and/or ileus 
with leukocytosis and elevated C reactive protein (CRP), and confirmed by radiology 
(computer tomography (CT) -scan with contrast) or relaparotomy. A correlation between 
cultures was defined as the isolation of an identical bacterial species (same type) from the 
rectal culture and type of bacteria found in blood, pus or urine in patients with postoperative 
infectious complications.

Data analysis 
Statistical analyses were done by SPSS version 20 for Windows (SPSS Inc, Chicago, Ill). 
Continuous data was analyzed by independent samples T-test or Mann-Whitney U where 
appropriate. Categorical data were analyzed by Chi-square test or Fisher exact test. All 
P-values were 2-sided and P < 0.05 was considered significant.
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RESULTS

A summary of the patient and operation characteristics is presented in Table 1. There were 
no differences in preoperative comorbidity, operating time or number of laparoscopic 
procedures between the two groups. Patients were scheduled for upper or lower GI 
surgery, including oesophagectomies, gastrectomies, hepatopancreaticobiliairy (HPB) 
surgery and colorectal surgery. In most cases the surgery was for malignant disease (70%). 

Preoperative diagnostic samples
In total, 27/143 (18.9%) of patients in the SDD group and 13/146 (8.9%) patients in placebo 
group had organ site colonization with potential PPMs of the internal organs before 
admission to the surgical ward (p=0.014).
Urine
A preoperative urinary culture was taken in 244 (84%) patients, 122 in both groups. In 22 
(9%) of them, colonization of bacteria was found; 14 in the SDD group, 8 in the placebo 
group (p=0.167). (Table 2).The most common type of bacterium was Escherichia coli. None 
of these patients were treated while they were asymptomatic. 
Sputum
A preoperative sputum culture was taken in 207 patients (71%). Cultures  showed no 
growth in 90% of the patients and growth of <105 colonies of bacteria in 20 patients (6.9%), 
15 in the SDD group and 5 in the placebo group (p=0.018). The most common bacteria 
were Streptococcus pneumoniae and Haemophilus influenzae (Table 2). None of these 
patients had clinical, laboratory or radiological signs of infection or pneumonia.
Blood
One patient in the SDD group developed a cholangitis in obstructive disease of the pancreas 
before surgery with a blood culture positive for  Escherichia coli and Streptococcus mitis. 
This patient was scheduled for pancreatoduodenectomy but had non resectable disease 
and a bypass procedure was performed.

Table 1 |  Baseline characteristics of the randomized patients.

SDD 
(N = 143)

PLACEBO 
(N = 146)

P-value

Male 81 (57) 76 (52) 0.434

Age 64 ± 13 64 ± 12 0.750

Colorectal surgery 95 (66) 103 (71) 0.452

Administration of trial medication

“Optimal trial medication” a 82 (57) 87 (60)

Number of doses 19 (13-24) 20 (16-25)

Values are presented as mean ± standard deviation (age), as median (25%-75%) (operating time) or number (%) as 
appropriate. a If the trial medication was given 2 days prior to surgery (i.e. 6 to 8 gifts) and at least until the third day after 
surgery (i.e. 9 to 12 gifts), it was defined as “optimal”.
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Peroperative surveillance cultures of the rectum
A peroperative rectal culture was available in 198 patients, in 99 (69%) of the SDD group 
and 99 (67%) of the placebo group. Of the 99 patients with a rectal culture in the SDD 
group, 65% were adequately decontaminated (no growth of AGNB or yeasts), while growth 
of AGNB and yeasts was absent in 9/99 (9%) of the placebo patients with culture (p<0.001). 
There was no difference in baseline characteristics between patients with rectal cultures 
in both groups, except for the SDD group; SDD patients without rectal culture were more 
frequently scheduled for upper GI surgery 20/44 (45.5%) versus 28/99 (28.3%) (p = 0.045).

Postoperative infections and diagnostic samples 
The number of patients with postoperative infections was 28 (20%) in the SDD group and 
45 (31%) in the placebo group (p=0.03, RR =0.64, 95% CI 0.42-0.96). In addition, the 
incidence of anastomotic leakage was significantly lower the SDD group than in the placebo 
group, 9 (6.3%) versus 22 (15.1%) patients (p=0.04, RR =0.49, 95% CI 0.24-0.996). The 
microbiology data of postoperative infectious complications are shown in Table 3.

Table 2 |  Asymptomatic patients with colonisation of PPMs in pre-operative cultures of urine and sputum ( 10.5 E).

SDD Placebo P-value

URINE 14/122 8/122

Gram negative bacteria    

Escherichia.Coli 6 7 0.806

Proteus mirabilis 2 0 0.152

Klebsiella 6 1 0.051

Citrobacter freundii 1 0 0.311

Morganella 0 1 0.321

Gram positive bacteria

Enterococcus faecalis 4 0 0.042

Streptococcus milleri 0 1 0.321

SPUTUM 15/104 5/103

Gram negative bacteria*

Haemophilus influenza 5 0 0.029

Enterobacter cloaca 0 1 1.00

Serratia Marcecens 1 1 1.00

Moraxella 1 0 0.495

Escherichia Coli 1 0 0.244

Gram positive bacteria*

Staphylococcus aureus 1 1 1.00

Streptococcus pneumoniae 8 2 0.101

*Some patients had more than one type of bacteria in their urine
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Table 3 |  Postoperative organ site cultures in patients with postoperative infectious complications.

SDD
(n = 28)

Adequate 
decontami-
nation*

Placebo
(n = 45)

Total no. 
of 
infections

p-value

Pneumoniae (no. of patients/ no of cultures 
available)

8 / 1 9/ 8 17

G+ 0 0

G- 0 7

mixed 1 1 1

Urinary tract (no of patients/ no. of cultures 
available)

3 / 3 11 / 10 14 0.160

G+ 1 1 0

G- 1 - ^ 6

mixed 1 1 4

Blood stream (no. of patients/ no. of cultures 
available)

4 / 4 9 / 9 13 0.307

G+ 2 1 4

G- 1 0 2

mixed 0 -^ 3

yeast 1 1 0

Anastomotic leakage (no. of patients/ no. of 
cultures available)

9 / 8 22 / 17 31 0.698

G+ 3 3 4

G- 1 0 4

mixed 4 2 9

Wound (no. of patients/ no. of cultures 
available)

10 / 6 19 / 18 29 0.934

G+ 1 1 2

G- 2 -^ 6

mixed 3 2 10

Total number of cultures by type of infection 21 12 60 81** 0.095

G+ 7 6 8 15

G- 5 0 25 30

Mixed 9 6 27 36

a nr of  patients in the SDD group with with adequate decontamination (i.e. no growth of gram negatives or yeasts) 
on their peroperative rectal culture. ^ no rectal culture taken on operating room ** some patients had more than 
one complication
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Lower airways
Seventeen patients developed a pneumonia after surgery. There was no difference in 
incidence in both groups (8 in the SDD group vs. 9 in the placebo group). 
Urinary tract 
Fourteen patients developed a urinary tract infection after surgery, 3/143 (2.1%) in the SDD 
group and 11/146 (7.5%) in the placebo group (p=0.031). None of these had a urinary tract 
infection preoperatively.
Blood stream 
Thirteen patients had a positive blood culture, 4/143 (2.8%) in the SDD group versus 9/146 
(6.2%) in the placebo group (p= 0.167). The source of the blood stream infection was 
abdominal in 61.5% (8/13), catheter related in 7.9% (1/13), a wound infection in 7.9% (1/13) 
or an urinary tract infection in 7.9% (1/13), and unknown in 15.4% (2/13).
Anastomotic leakage
Thirty-one patients had anastomotic leakage, 10/143 (7%) in the SDD group versus 21/146 
(14%) in the placebo group (p=0.016). In 23/31 (74%) patients with anastomotic leakage, 
abdominal cultures were available (8 in the SDD group and 15 in the placebo group).
In 4/8 cases in the SDD group and in 7/17 cases in the placebo group, the type of bacteria 
found in leakage or abscesses was similar to the rectal culture. 
Wound 
Twenty nine patients had a wound infection after surgery, 10/143 (7%) patients in the SDD 
group and 19/146 (13%) in the placebo group (p=0.089). In 24/29 cases a wound culture 
was taken. Six patients with a wound infection had also an anastomotic leakage. Of these 
six patients, only one was in the SDD group. In 10/29 patients the bacteria found in wound 
and faeces were similar.   
                                                                                                                                                                                                                   
Relation between SDD, infectious complications and outcome of rectal cultures
Of the 73 patients with infectious complications (i.e. 28 in the SDD group and 45 in the 
placebo group), perioperative rectal cultures were available in 49 patients (17 in the SDD 
group and 32 in the placebo group). 
Of all infected patients, 43.8% had growth of AGNB or yeasts in the rectum, 23.3% had 
no  growth of AGNB or yeasts and in 32.9% patients no culture was taken. Of the patients 
with infections and growth of AGNB, 28/32 (87.5%) had been given placebo and 4/32 
(12.5%) SDD.
In the SDD group, 64/99 (64.6%) patients showed successful decontamination. Of these 
64 patients, 51 did not develop infectious complications (79.7%). Successful 
decontamination  was not achieved in 35/99 (35.4%), however only 4/35 (11.4%) developed 
an infection. Of the 49 patients with infections and rectal cultures, 32/49 (65.3%) had 
overgrowth of AGNB or yeasts  in their rectal cultures; 4/17 (23.5%) in the SDD group and 
28/32 (87.5%) in the placebo group. (Table 4)
Potential pathogens isolated from diagnostic samples were similar to those in surveillance 
cultures of the rectum in 36/73 (49.3%) of the infected patients. This was the case in 8/13 
(61.5%) of the urinary tract infections (all 8 were in the placebo group), 3/13 (23.1%) of 
the blood stream infections, 10/26 (38.5.%) of the patients with anastomotic leakage and 
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in 15/29 (51.7%) of the wound infections. Proportions were  different between SDD and 
placebo (see Table 4)
Of the 5 patients with AGNB/yeast infections in the SDD group, no rectal culture was taken 
from three and two patients were not adequately decontaminated. None of the patients 
who were successfully decontaminated had a Gram-negative urinary tract infection, 
bloodstream infection or an anastomotic leakage. In the other 2 patients with AGNB wound 
infections, no rectal culture was available. Of the 28 patients with SDD and infectious 
complications, a rectal swab was taken in the operating room in 17/28 (60.1%). 
Successful decontamination was achieved in 13/17 (76.5%) patients. Of all 73 patients 
with infectious complications, 32 of them (43.8%) had overgrowth of AGNB or yeasts  in 
their peri-operative rectal cultures. 

DISCUSSION

The present RCT on the use of perioperative SDD in GI surgery shows that the SDD 
significantly reduced postoperative infections and anastomotic leakage despite the fact 
that only 64% of the SDD patients with rectal culture were successfully decontaminated 
during surgery. None of the patients with successful decontamination during surgery had 
a Gram-negative urinary tract infection, bloodstream infection or anastomotic leakage. 
However, infections were also reduced in patients with incomplete decontamination.  

Table 4 |  Patients with postoperative infections, type of bacteria and correspondence to rectal cultures.

SDD Placebo Total P value

No. of patients 143 146 289

No. of patients with postoperative infections 28 45 73 0.028

No. of rectal cultures available * 17 32 49 < 0.001

Gram – or yeasts 4 28 32

No gram – or yeast 13 4 17

Culture positive Infections (organ site) 21 60 81* 0.095

Gram positive bacteria 7 8 15

Gram-negative bacteria/Yeast 5 25 30

Gram+/Gram- flora (mixed) 9 27 36

Flora similar to rectal cultures ** 

UTI nr (% of cultures) 0/3 (0%) 8/10(80%)

Blood stream infection 2/4 (50%) 1/9(11%)

Anastomotic leakage 1/9 (11%) 9/17(53%)

Wound infection 1/10 (10%) 14/19 (74%)

All culture positive infections 4/26 (15%) 32/55 (58%)

* in patients with infectious complications after surgery
** some patients had more than one infectious complications.
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Potential pathogens isolated from diagnostic samples were similar to those in surveillance 
cultures of the rectum in half of the infected patients. This was especially the case for 
wound and urinary tract infections.
Sixty four percent  of the patients in the SDD group was successfully decontaminated at 
time of surgery as was demonstrated by the negative rectal swabs. This percentage 
matches with the results of a study of patients who were treated with SDD for more than 
3 days before  cardiopulmonary surgery. In that study, 57% of the patients showed no 
growth of AGNB in their rectal swabs.5 Although full decontamination was not achieved in 
more than one third of the SDD group, infection after surgery in this group was only 11.4%. 
One might conclude that even if the peroperative rectal culture shows some growth of 
PPM, the presence of antibiotics in the gut and the continued administration of SDD 
postoperatively, still prevents postoperative infectious complications
The use of SDD reduces GI colonization, prevents secondary hospital acquired colonisation 
and subsequent organ site infection in critically ill intensive care patients.6 In the present 
study, a  quarter of the patients with rectal growth of AGNB/yeast developed infectious 
complications. In addition, nearly half of the patients with infectious complications had 
AGNB or yeasts in their rectal swabs. These findings suggest a relation between rectal 
overgrowth and infections as has been demonstrated in ICU studies.11,12 The SDD literature 
also shows a correlation between surveillance cultures of the rectum and diagnostic 
cultures, which are taken on clinical indication from internal organs that are normally 
sterile.13 The present RCT found  a qualitative and quantitative relationship between the 
surveillance culture of the rectum and the diagnostic cultures in half of the patients. This 
was especially the case for urinary tract and wound infections. In addition, less AGNB 
postoperative infectious complications occurred in the SDD group compared to the placebo 
group. Furthermore, 63% of all patients had overgrowth of AGNB/ yeasts in their rectal 
culture during surgery and  a quarter of them developed an infectious complication, seven 
times as much in the placebo group than in the SDD group (28 vs. 4). Thus, the present 
study supports the hypothesis underlying SDD that elimination of AGNB and yeasts from 
the digestive tract resulted in less Gram-negative infections. On the other hand, the placebo 
group had a high rate of AGNB and yeast colonization and thereby a higher risk of 
contamination and subsequent infection as a result of spill or translocation to the urinary 
tract, wound and abdomen increases. Similarly, other studies found that elimination of 
Gram-negatives from throat and GI tract reduces the risk of ventilator-associated pneumonia 
and blood stream infections.14 Correspondence between surveillance cultures of the GI 
tract and diagnostic cultures of wound, abdomen, urinary tract or bronchial secretions has 
been shown before.15-17 The present study shows that perioperative SDD reduces 
postoperative infections in GI surgery patients and that this reduction in infection is 
associated with reduced AGNB colonisation.
The fear for using SDD and thereby eliminating AGNB and yeasts is that the patient will 
be exposed to an increased risk of Gram-positive infections and will acquire multiresistent 
Gram-negative flora. This fear is not supported by this study. In the present RTC, less AGNB 
postoperative infectious complications occurred in the SDD group compared to the placebo 
group. In addition, no increase was noticed in gram positive infections or multi resistant 
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strains while using SDD. That SDD would increase the risk of multiresistent infections in 
not supported by the literature either. 18,19 It should be evident however that SDD protects 
against infections with endogenous AGNB/yeast infections that first colonize the GI tract, 
not against PPM that are primary exogenous.

CONCLUSION

The present RCT shows that perioperative SDD in elective GI surgery reduces peroperative 
carriage of AGNB and yeasts and subsequent postoperative infectious complications and 
anastomotic leakage compared to the placebo group. Although full decontamination was 
most effective to prevent infectious complications, full decontamination was not yet 
acquired during surgery in a third of the patients. Optimization of the preoperative SDD 
regimen is therefore essential.
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