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INTRODUCTION

Colorectal surgery is associated with a high risk of postoperative infection due to 
contamination by bacteria in the large intestine. These postoperative infectious 
complications increase hospital stay and costs of treatment.1 Despite the use of peri-
operative antibiotic prophylaxis, improvements in surgical techniques and peri-operative 
care, the complication rate and surgical site infections (SSI) after abdominal surgery and 
especially colorectal procedures, remains high (30-51 %). 2-5

The most common infectious complications after surgery  are urinary tract, wound and 
pulmonary infections. These hospital acquired infections or nosocomial infections occur in 
4-7% of patients and are defined as infections who arise after 48 hours after hospital 
admission. In 90% this infection is caused by bacteria,  mostly aerobe Gram-negative 
micro-organisms, 6,7 only in 10% by virusses, fungi and parasites. If an infection occurs 
within the first 48 hours of admission, it is called a community acquired infection and is 
highly influenced by the carrier state of the patient and its department (e.g. oncology or 
dermatology). These Gram-negative infections generally originate from the patient’s 
digestive tract. 
The gut micro flora forms a  diverse and complex ecological community of more than 100 
trillion microorganisms.  There are about  500-1000 different species. They play a role in 
collecting energy from the fermentation of undigested carbohydrates and absorption of 
short chain fatty acids but  also in producing vitamins (B and K) and hormones 8,9, influence 
the gut and systemic immune systems and preventing growth of potentially pathogenic 
bacteria.10 Gut micro flora is mainly composed by three enterotypes: Prevotella, Bacteroides 
and Ruminococcus 11. There are functional differences between these enterotypes, for 
instance in producing vitamins and nutrients. 

Table 1  |  Bacteria of the digestive tract.

Oropharyngeal cavity Gastro-intestinal tract

Concentration 
per ml saliva

Concentration
per gram faeces

Anaerobic bacteria 107 Anaerobic bacteria 1011

Aerobic bacteria Aerobic bacteria

-Streptococcus viridans 103-7 -Streptococcus faecalis 105-7

-Staphylococcus aureus 103 -Staphylococcus aureus 103

-Streptococcus pneumoniae 103 -Enterobacteriacae

-Haemophilus influenza 103 Escherichia Coli 105-7

-Enterobacteriacea ≤103 Klebsiella species ≤103

-Pseudomonads ≤103 Enterobacter species ≤103

-Candida albicans 103 -Pseudomonads ≤103

-Candida albicans 103
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In the upper gastro-intestinal (GI) tract tract of adult humans, the esophagus contains only 
the bacteria swallowed with saliva and food. The esophagus and stomach are not normally 
colonized by indigenous flora, but from time to time a limited number of transient organisms 
may be present. Because of the high acidity of the gastric juice, very few bacteria (mainly 
acid-tolerant lactobacilli, or Helicobacter pylori) can be cultured from the normal stomach. 
The proximal small intestine has little Gram-positive flora, consisting mainly of lactobacilli 
and Enterococcus faecalis, and can be considered as sterile.  Type of bacteria of the 
digestive tract are mentioned in table 1. 
A small percentage (10-40%) of “healthy” individuals carry Staphylococcus aureus, 
Streptococcus pneumoniae, Haemophilus influenza and Candida albicans in their 
oropharynx.  The normal intestinal flora contains anaerobe bacteria, Streptococcus faecalis 
and Escherichia coli. A small percentage (<20%) is intestinal carrier of Staphylococcus 
aureus and Candida albicans. Klebsiella species, Proteus species and  Enterobacter species 
can also be found in healthy individuals. Pseudomonadeae do not belong to the indigenous 
flora of the digestive tract. The composition of the flora of the gastrointestinal tract varies 
along the tract (at longitudinal levels) and across the tract (at horizontal levels) where certain 
bacteria attach to the gastrointestinal epithelium and others occur in the lumen. 
In healthy individuals the intestinal microbes form a symbiosis, but when acquired (aerobic) 
potentially pathogenic micro-organisms (PPMs) colonise the digestive tract, they can 
cause postoperative infections. When a patient has acquired a PPM, passage or colonisation 
can occur. Passage is defined as a situation in which the PPM, mainly Gram-negative 
microorganisms,  does not reach a high concentration and is removed of the digestive tract 
within 6 days. 
Colonisation is the development of  the pathogen at the appropriate portal of entry, 
including the urogenital tract, the digestive tract, the respiratory tract and the conjunctiva. 
If the amount of PPM is high and the colonisation resistance low, an infection can occur.  
Colonisation resistance is a part of the anti-microbial defense of the host in all tracti coated 
with epithelium and it is lowered by host associated factors (old age, trauma, surgery)  and 
iatrogenic factors (antibiotics, cytostaticum, drains, intubation), which can cause shifts in 
population, damage of intestinal mucosa or immunosuppression. Especially the anaerobic 
flora are responsible for the colonisation resistance. 
Bacterial translocation is defined as the passage of viable micro-organisms through intact 
gastro-intestinal mucosa. Particles of bacteria, like endotoxins, can also penetrate 
(absorption). Type of bacteria, concentration of bacteria, malnutrition and parenteral feeding 
increase the chance of translocation. Intact anatomy and function of the respiratory, urinary 
and gastrointestinal tract, helps to prevent adherence of bacteria to epithelium and mucosal 
cells. A functional gut barrier, coated with mucus, is the first line of defence against enemies 
who enter the gastrointestinal tract. Furthermore, permeation of endotoxins from the gut 
into the systemic circulation can cause sepsis if the gut barrier function fails, for example 
during surgery. 12 This disturbance in digestive flora  can lead to bacterial overgrowth (>106 
aerobic PPMs). 
Microbial pathogenicity has been defined as the structural and biochemical mechanisms 
whereby microorganisms cause disease. Some microorganisms cause more serious clinical 
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disease than others.(table 2) Bacteria with low pathogenicity Index (IPI) will seldom be 
followed by an infection. In total, there are 15 potentially pathogenic micro-organisms that 
play a role in the concept of carriage.13 If the colonisation resistance is intact, there are no 
Gram-negative bacteria in the oropharynx. However, microbiota of the oropharyngeal cavity, 
can cause infections of the respiratory tract as the intestinal microbiota are responsible for 
infections in the urogenital tract. Bacteria from both systems can cause wound infections, 
depending on the distance of the wound to mouth or anus. In conclusion, the digestive tract 
is the largest and most important reservoir of (multi resistant) PPMs, mainly Gram- negative 
strains, and the source of most infections. Colonisation resistance of the digestive tract 
plays a central part in the development of (endogenous) infections, because if colonisation 
resistance is sufficient, colonisation of PPMs will not occur.

ANTIBIOTICS

Prophylactic perioperative intravenous antibiotics are standard use in gastro-intestinal 
surgery because of the high risk of SSI.14 The prophylaxis must cover both aerobic and 
anaerobic bacteria with minimal toxicity and costs. A recent Cochrane  analysis showed a 
significant reduction in surgical wound infections when prophylactic systemic antibiotics 
with aerobic and anaerobic coverage were used compared to placebo, with a statistically 
significant benefit in favor of antibiotic prophylaxis with a variety of antibiotics (RR 0.30, 
95% CI 0.22 to 0.41 (P  < 0.00001)), reducing the overall SWI rate from 39% to 10%. No 
statistically significant differences were found when comparing short- and long term 
duration of prophylaxis or single dose versus multiple dose antibiotics.  Combined oral and 
intravenous antibiotic prophylaxis showed statistically significant improvements in SWI 

Table 2  |  Pathogenicity of microorganisms.

Highly pathogenic
IPI = 0.9-1.0

Potentially pathogenic
IPI = 0.3-0.6

low to (a) pathogenic
IPI = 0.01

Neisseria Meningitidis S.pneumoniae Klebsiella Streptococcus Viridans

Salmonella Spp H.influenza Proteus Streptococcus Faecalis

Moraxella Catarrhalis Morganella Staphyl. Epidermidis

Escherichia Coli Enterobacter Anaerobes

S.aureus Citrobacter

Candida Albicans Serratia

Pseudomonas

Acinetobacter Spp

Mrsa

Epidemic Community Hospital Indigenous

IPI = intrinsic pathogenicity index      
MRSA = Methicillin-resistant S. aureus
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rates when compared to intravenous alone (RR 0.55, 95% CI 0.41 to 0.74) in 13 trials with 
2362 patients. In conclusion, when oral antibiotics were combined with intravenous 
antibiotic prophylaxis, the risk of surgical site infections (SSI) was 75% lower than with 
intravenous antibiotics alone.15 

Schardey et al. demonstrated that the addition of oral antibiotics in upper GI surgery to 
standard perioperative intravenous antibiotics, reduced  postoperative infectious 
complications (from 44.7% in the placebo group to 30.4% in the SDD group) as well as 
anastomotic leakage (10.6% to 2.9% (p = 0.0492)). 16

The principle of Selective decontamination of the digestive tract
The use of oral antibiotics on top of systemic antibiotic treatment, was introduced into 
intensive care medicine by Chris Stoutenbeek in 1984 as an infection-prophylaxis regimen 
to reduce or even eradicate aerobic PPMs , from oro-pharynx to rectum, while leaving the 
normal anaerobic flora, who are responsible for maintaining a sufficient colonisation 
resistance, largely undisturbed.17,18

It was called selective decontamination of the digestive tract (SDD) and consisted of a 
topical, non-absorbable, antibiotic combination of Polymixin E (Colistin®), Tobramycin and 
Amphotericin B (Fungizone), which was taken orally, four times daily. Polymixin eradicates 
Gram-negative rods, for instance Pseudomonas aeruginosa. Tobramycin is an 
aminoglycoside against aerobic Gram-negative bacteria (Proteus, Pseudomonas, Salmonella, 
Shigella, Klebsiella, Serratia, Enterobacter and Escherichia coli) and some staphylococcus 
species (staphylococcus aureus). Amphotericin B is a polyene antibiotic (obtained from a 
strain of Streptomyces nodosus) which kills fungi and yeasts and works especially against 
Candida albicans, Cryptococcus neoformans, Histoplasma capsulatum and Coccidioides 
immitis, but not against bacteria or virusses. All components have hardly any uptake into 
the systemic circulation. Decontamination of the oropharynx was accomplished by using 
a sticky paste called Orabase®, which contained polymyxin E 2%, Tobramycin 2% and 
Amphotericin B 2% with sodium carboxymethylcellulose base. It is used in critically ill 
patients, admitted to the intensive care unit (ICU) because generally in those patients there 
is a connection between the airway and the environment by intubation and/or the 
impossibility to swallow and therefore the absence of normal barrier function of both 
respiratory and digestive tract. On the ICU, the classical SDD strategy consists of four 
components, including systemic antibiotics to control primary endogenous infections, high 
level of hygiene to control exogenous infections, surveillance samples to monitor efficacy 
of treatment and of course the SDD to prevent secondary carriage and subsequent 
endogenous infections.19,20

The use of SDD for the critically ill patients on an ICU has been extensively assessed in 
literature.  A systematic review with over 8000 patients, showed that SDD significantly 
reduced overall bloodstream infections  (OR, 0.73; 95% CI  0.59 - 0.90; P= 0.0036), Gram-
negative bloodstream infections (OR, 0.39; 95% CI, 0.24 - 0.63; P < 0.001) and overall 
mortality (OR, 0.80; 95% CI, 0.69 - 0.94; P= 0.0064) in critically ill patients admitted to the 
ICU.21 The positive effect of SDD was reconfirmed by Liberati et al in 2009. They  conducted 
a  Cochrane analysis of trials on patients admitted to the ICU, comparing a combination of 
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topical and systemic antibiotics. There was a significant reduction in both respiratory tract 
infections (number of studies = 16, OR 0.28, 95% CI 0.20 to 0.38) and total mortality 
(number of studies = 17, OR 0.75, 95% CI 0.65 to 0.87) in the treated group.22 The systemic 
side effects of the antibiotic components of SDD are negligible, as SDD is a topical paste, 
which has virtually no uptake in the bloodstream. In 15 years and over 5000 patients, no 
resistance has been seen against the antibiotics used in SDD.23,24 
In 1990, Stoutenbeek advocated the use of SDD as a peri-operative infection prophylaxis 
in elective surgery 25,26 including oesophagectomy 27 and gastrectomy16.  A randomized 
controlled trial comparing one gift of oral ciprofloxacin 500 mg on the day before surgery 
versus no oral therapy in elective colorectal surgery, demonstrated fewer postoperative 
complications.  Postoperative wound infections occurred in 18 (11.3%) patients in the oral 
group versus 39 (23.2%) patients in the control group (p = 0.007).28  Encouraged by the 
good results in our ICU patients population 29,30, peri-operative SDD was succesfully 
introduced in the Onze Lieve Vrouwe Gasthuis (OLVG) in Amsterdam  in 1999 in elective 
oesophageal and colorectal surgery on our surgical ward. 
From the current literature, one might conclude that SDD decreases infectious complications 
in critically ill patients, admitted to the ICU. While SDD eliminates the most important 
source of infections, namely pathogenic bacteria of our own intestinal tract, it could be 
also indicated when the gut barrier function fails, for example during surgery. In that case, 
perioperative SDD could prevent postoperative infectious complications caused by 
translocation of intestinal Gram-negative rods and yeasts.  Another possible effect of SDD 
is the reduction of perioperative endotoxaemia caused by permeation of bacterial 
compounds through a diminished gut-blood barrier during surgery This may translate into 
less systemic inflammatory response.31 However, perioperative endotoxemia is specifically 
studied during cardiac surgery and may be less prevalent during GI surgery, although 
sometimes reported.12,32

It also has been suggested that the lower rate of anastomotic leakage with SDD is explained 
by the fact that overgrowth of Gram-negative bacteria may induce mucosal inflammation, 
abscess formation and necrosis at the suture, and therefore a higher change of anastomotic 
dehiscence.33 
But although SDD seems to decrease respiratory tract infections, bloodstream infections 
and mortality in the critically ill patients on the ICU 34, it is not yet clear if it has the same 
advantages in “healthy” individuals, who need to undergo elective gastrointestinal surgery. 
A  considerable disadvantage of SDD for instance, is the bitter taste and consequently 
possible nausea.  Patients admitted to the ICU are not fully aware of this bad taste, while 
they are critically ill and/or intubated and sedated, but elective patients are not and could 
therefore reject intake.  Furthermore, it is not clear how many days before and after surgery 
a patient must take SDD to achieve optimal decontamination.  
The great advantage of SDD however,  is that the costs to produce it are low and every 
hospital can make their own SDD. Therefore SDD seems to be a simple, useful, inexpensive 
method to prevent postoperative infectious complications, but clinical trials in elective 
gastro-intestinal surgery are needed to support results and outcome of already published  
studies on SDD.
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OUTLINE OF THE THESIS

Up till now, there is still a need to improve perioperative protocols in patients who need 
to undergo elective gastro-intestinal surgery, to prevent postoperative infectious 
complications, while these complications will result in a prolonged hospital stay and high 
costs. Selective decontamination of the digestive tract is an infection prophylaxis regimen 
to reduce or even eradicate aerobe PPMs from oro-pharynx to rectum, while leaving the 
normal anaerobic flora largely undisturbed,  thereby reducing the incidence of organ site 
infections. SDD reduces  respiratory tract infections, bloodstream infections and mortality 
in patients admitted to the ICU. The aim of this thesis was to analyse the effect of peri-
operative SDD combined with systemic perioperative antibiotics in elective gastrointestinal 
surgery, on postoperative infectious complications and anastomotic leakage. Furthermore, 
we hope to give an overview of the clinical applicability of SDD in surgery. 

In 1999, SDD was introduced on the surgical ward of the Onze Lieve Vrouwe Gasthuis in 
Amsterdam. It was given to patients who underwent left sided colorectal surgery. In 
chapter 2, we performed a retrospective analysis of prospectively collected data. The 
control group consisted of a historical cohort of patients who were not treated with SDD. 
We analysed postoperative  complications, hospital stay and mortality and tried to identify 
independent predictors of postoperative complications.
To confirm the results of our retrospective analysis, we performed a randomized, double 
blinded, placebo controlled clinical trial. In chapter 3 we describe the results of this RCT 
of patients undergoing elective gastro-intestinal surgery. Patients were classified into 4 
groups (A,B,C or D). Group A included patients undergoing esophageal and gastric surgery, 
group B Hepato-Pancreato-Biliary (HPB) surgery, group C colectomies, and group D rectal 
resections. Most patients underwent a (partial) colectomy. Endpoints were postoperative 
infectious complications and anastomotic leakage. Secondary endpoints were mortality 
and hospital stay.
Although the use of SDD in the ICU is widespread, the use of SDD on the surgical ward 
is not, according to the literature. In chapter 4 a point prevalence survey was carried out 
and an online questionnaire was sent to GI surgeons of 86 different hospitals in the 
Netherlands. The aim of this study was to objectify current application of SDD as well as 
the use of mechanical bowel preparation and perioperative antibiotics. The cost-
effectiveness of SDD on the ICU has been described in literature with lower costs in 
patients who received SDD. This could be the result of the effect of lower morbidity on 
hospital stay and the use of systemic antibiotics, combined with the higher amount of 
survivors.  In chapter 5 we describe the costs of patients of our previously mentioned 
RCT. We compared the costs of patients who received SDD with those who were 
randomized to placebo treatment. The aim was to analyse if the reduction in postoperative 
infectious complications lead to lower costs. 
To find more evidence to support the conclusions of our randomized trial, we performed 
a systematic review to determine the effect of SDD in elective gastro-intestinal surgery.  
The results of our search are presented in chapter 6. 
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Finally, the aim of the study presented in chapter 7 was to analyze the results of 
preoperative cultures, peroperative rectal swabs and cultures of postoperative infections 
after gastrointestinal surgery, in patients who received perioperative  SDD and patients 
with placebo. 
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ABSTRACT

Background
Selective decontamination of the digestive tract (SDD) decreases morbidity and mortality 
in critically ill patients and morbidity in patients undergoing oesophageal resection. This 
study analyses the effect of peri-operative SDD in patients undergoing elective colorectal 
surgery on postoperative infections and anastomotic leakage. 

Methods
Retrospective analysis of prospectively collected data in a three year cohort of 162 patients 
undergoing elective resection of colon and or rectum. Of these patients 76 (47%) received 
SDD (polymyxine B sulphate, tobramycin and amphotericin) peri-operatively. The control 
group consisted of 86 patients who were not treated with SDD. Postoperative complications, 
hospital stay and mortality were analysed.

Results
In the SDD group there were 6 patients (7.9%) with infectious complications compared 
with 17 patients (19.8%) in the control group (p= 0.031). The incidence of the combined 
endpoint infectious complications and anastomotic leakage, was 8 (11%) in the SDD group 
versus  22 (26%) in the control group (p = 0.014). Multivariate analysis showed that no-
SDD, age above 60 years and diabetes were independent predictors of postoperative 
complications.

Conclusion
Perioperative SDD in elective colorectal surgery seems to reduce postoperative surgical 
complications including infectious complications and anastomotic leakage. Prospective, 
randomized, placebo-controlled studies are needed to confirm this conclusion.
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INTRODUCTION

Despite the use of peri-operative antibiotic prophylaxis, improvements in surgical techniques 
and peri-operative care, the complication rate after abdominal surgery remains high (30-51 
%) with specific incidences up to 28 % after colon surgery. 1-3 The most common infectious 
complications are urinary tract, wound and pulmonary infections. These nosocomial 
infections usually occur after 48 hours of admission, and are mostly caused by aerobe 
Gram-negative micro-organisms. 4,5 These Gram-negatives generally originate from the 
patient’s digestive tract. Colonisation of the digestive tract with potentially pathogenic 
micro-organisms (PPMs) can harm the patient in two different ways. Apart from PPM’s 
causing postoperative infections due to translocation to organ sites, permeation of 
endotoxins from the gut into the systemic circulation can cause sepsis if the gut barrier 
function fails, for example during surgery. 6 While the intact anaerobe intestinal flora protects 
against secondary colonisation with PPMs, reduction of normal flora as a result of systemic 
antibiotics increases the risk of infection. 
It is generally accepted that antimicrobial prophylaxis is indicated for contaminated surgery, 
where gross contamination is inevitable and the risk of wound infection is high as in 
colorectal surgery. Although different regimens have been evaluated, a single dose 
administered immediately before operation, preferably one hour to 30 minutes before 
incision, has shown to be as effective as long-term prophylaxis after surgery. 7 The prophylaxis 
must cover both aerobic and anaerobic bacteria with minimal toxicity and costs. However, 
some antibiotics disturb the normal balance and lead to bacterial overgrowth. 8 Secondary 
colonisation is additionally enhanced by disturbed bowel movements and decreased 
immune-incompetence due to the underlying disease. Factors that lower colonisation 
resistance are host associated (for instance old age, severe physical trauma, major surgery, 
malignancy, kidney and liver disease, diabetes, diminished peristalsis of the digestive tract 
as in ileus) or can be iatrogenic (antacida, anesthetica, antibiotics, endotracheal tube, 
catheters and drains). 
Selective decontamination of the digestive tract (SDD) was introduced into intensive care 
medicine as an infection-prophylaxis regimen to reduce or even eradicate aerobic PPMs from 
oro-pharynx to rectum, while leaving the normal anaerobic flora largely undisturbed. 9;10  
The use of SDD for the critically ill patients on an intensive care unit (ICU) has been 
assessed in 56 randomized controlled trials (RCT) and eight meta-analyses including only 
RCT’s. 11 Lower airway and bloodstream infections were significantly reduced by 65% and 
37%, respectively in two recent meta-analysis. 12,13 Mortality was also significantly reduced 
by 22% and 20% respectively in these two systematic reviews. In 1990, Stoutenbeek 
advocated the use of SDD as a peri-operative infection prophylaxis in elective surgery14 
including liver transplantation, 15 oesophagectomy 16 and gastrectomy 17.
Since 1984, our hospital has used SDD in all critically ill patients. Encouraged by the good 
results in this population 9,18,19, peri-operative SDD was introduced in 1999  in elective 
oesophageal and colorectal surgery on the surgical ward. The hypothesis was that SDD, 
initiated before surgery on the ward, reduces post-operative infectious complications and 
anastomotic leakage. 
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PATIENTS AND METHODS

This study enrolled 162 consecutive patients who were admitted to the surgical ward for 
elective colorectal surgery, including closure of a temporary colostomy, between January 1, 
1999 and December 31, 2001. Patients who needed acute surgical intervention because 
of infection, perforation, ileus and/or bleeding were excluded. Figure 1 shows the number 
of patients admitted for colorectal surgery and number of excluded patients. Data were 
collected from a database of all patients admitted to the department of surgery of the 
OLVG. This database contained data concerning therapy, all post-operative complications 
and duration of hospital stay. 
At the time of this study, SDD was given randomly, according to the surgeon’s opinion, 
especially to patients undergoing colorectal surgery. SDD was thus not standardised.
If a diverting ileostomy was created, it was separately noted. Operating time, open versus 
laparoscopic surgery, type of anastomosis and type of surgeon (resident or attending 
surgeon) were registered as well as the pathological reports of the specimen. The SDD 
regimen consisted of polymyxine B sulphate 100 mg, tobramycine 80 mg and amphotericine 
B 500 mg (PTA). It was taken orally four times daily, or through a nasogastric tube if the 
patient had one after surgery. In that case half of the SDD was administered in the mouth 
and half via the nasogastric tube. The optimal SDD regime started two days before surgery 
and was continued postoperatively until normal bowel passage was achieved (normal intake 
and/or passage of stool) or at least until the third day after surgery. The data concerning 
the use of SDD were obtained from the pharmacy information system and checked in the 
patient files. In addition, all patients received parenteral antibiotics peri-operatively for 24 
hours (cefuroxim 1500 mg and metronidazol 500 mg at eight hour’s interval, starting 30 
minutes before surgery). In this study, we used an osmotic laxans (macrogol and 
electrolytes) named Klean-Prep® (Norgine B.V., Amsterdam, The Netherlands) as 
mechanical bowel preparation. Two to 4 liters of Klean-Prep® were administered in 24 h 
and/or a fluid diet was given starting 1 day before surgery. In rectal surgery, also an enema 
was applied. Complication data (during hospital stay and at least 30 days post-surgery) 
were obtained from a prospectively collected database as mentioned above. 
Infectious complications (wound infections, urinary tract infections, pneumonia and intra 
abdominal abscesses) and the incidence of anastomotic leakage were analysed. 
Anastomotic leakage was determined by clinical examination (fever, abdominal pain, 
passage problems) and blood results (elevated white blood count and/or raised C-reactive 
protein). The diagnosis was confirmed by CT-scan, X-ray with rectal contrast or relaparotomy.
Infectious complications and anastomotic leakage together were called “the combined 
endpoint”. Abdominal wound dehiscence was a clinical diagnose, confirmed by an attending 
surgeon. Cardiac failure, deep venous thrombosis, pulmonary embolism and cerebrovascular 
accidents were all diagnosed and confirmed by the consulting specialists. Mortality was 
defined as in-hospital death or death within 30 days post-surgery. 
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Statistical analysis
Continuous variables were expressed as means ± SD or median (interquartile range) and 
were compared with the use of an unpaired Student’s t-test or Mann Whitney-U test. 
Categorical data were compared using Fisher’s exact test or Pearson chi-square test, where 
appropriate. All reported P values were two-sided; differences were considered significant 
when p was < 0.05. Analysis was on intention to treat, all patients receiving at least one 
dose of SDD preoperatively were analysed. Univariate analysis was performed to identify 
other prognostic parameters for the endpoint infectious complications (including 
anastomotic leakage). We used multivariate logistic regression analysis to identify which 
of these were independent risk factors.

Figure 1  | Study flow chart.
*76 patients were excluded because of operation for rectal prolaps, recto-vaginal fistulas or underwent an 
abdominal perineal resection without anastomosis.
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RESULTS 

Of the 162 patients undergoing elective colorectal surgery, 76 (47%) received SDD. Eighty 
six patients (53%) did not receive SDD and were used as control group. The administration 
of SDD was optimal (given at least until the third day after surgery) in 47 (62%) patients. 
The patient characteristics are shown in table 1.

Table 1  | Patients Characteristics.

SDD (n = 76) Control (n = 86) p-value

Male, n (%) 33 (43) 41 (48) 0.59 

Age 64±15 63±15 0.70 

Comorbidity 

Cardiovascular (%) 28 (37) 34 (40) 0.73 

Pulmonary (%) 12 (16) 10 (12) 0.44 

Previous abdominal surgery) (%)* 24 (32) 45 (52) 0.008 

Diabetes (%) 5 (7) 14 (16) 0.06 

Immune deficiency) (%)** 4 (5) 1 (1) 0.19 

Inflammatory bowel disease (%) 7 (9) 8 (9) 0.98

Values are presented as mean±SD or number (%) as appropriate. *one or more. **HIV, use of corticosteroids.

Table 2  | Surgical Characteristics.

SDD (n = 76) Control (n = 86) p-value

Type of surgery 

Hemicolectomy (right sided)a (%) 16 (21) 26 (30) 0.18 

Hemicolectomy (left-sided)a (%) 7 (9) 8 (9) 0.98 

Transversectomy (%) 1 (1) 3 (3.5) 0.62 

(Subtotal) colectomy (%) 3 (4) 0 0.10 

Sigmoid resection (%) 15 (20) 23 (27) 0.29 

(Low) anterior resection (%) 30 (40) 13 (15) 0.00 

Closure of temporary colostomy 
(%) 

5 (7) 14 (16) 0.06 

Operating time (min) 195±63 181±49 0.13 

Laparoscopic surgery (%) 2 (3) 9 (11) 0.05 

Diverting ileostomy (%) 7 (9) 2 (2) 0.08 

Stapled (%)b 48 (64) 65 (78) 0.05 

Resident (%) 41 (54) 50 (58) 0.59

Values are presented as mean±SD or number (%) as appropriate. a One patient in each group had a right- and 
left-sided hemicolectomy in one session. b Three patients in the controlgroup and one in the SDD grouphad 
both stapled and partial sutured anastomosis and were counted as stapled.
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In the control group, more patients had a history of abdominal surgery and the incidence of 
diabetes tended to be higher. Surgical characteristics are shown in table 2. In the SDD group, 
more patients underwent anterior and low anterior resections and the percentage of closure 
of temporary colostomy was higher. In both groups, open abdominal surgery was performed 
more often than laparoscopic surgery and a stapled technique was used more frequently 
than a sutured anastomosis. There was no difference in type (side-to-side, side-to-end or 
end-to-end) of anastomosis or operation by a resident or supervising surgeon. The operating 
time was not different between groups. The pathology reports showed no difference in 
malignancy between groups (46 patients in the SDD group (61%) versus 40 patients in 
control group (47%) had a malignant disease (p = 0.074). In most patients a mechanical 
bowel preparation (Klean-Prep®) was used. In only a few cases an enema was given.
Table 3 shows the complications during follow up. In the control group there were 32 
patients (38%) with 49 complications and in the SDD group 19 patients (25%) with 29 
complications. There was a significant reduction in the rate of infectious complications 
(urinary tract infection, pneumonia, wound infection and intra-abdominal abscesses) in the 
SDD group. The incidence of the combined endpoint infectious complications and 
anastomotic leakage was lower in the SDD group (8 vs. 22 in the control group). Three 
(4%) patients died in the control group vs. none in the SDD group (p=0.248). These three 
patients died of sepsis and multi organ failure due to anastomotic leakage. There was no 
significant difference in hospital stay (median 10 days in both groups). 

Table 3  | Endpoints.

SDD  
(n = 76)

Control 
 (n = 86)

p-value

Hospital stay in days, median (IQR) 10 (8–13) 10 (7–13) 0.980

Patients with infectious complications a, n (%) 6 (8) 17 (20) 0.031

Urinary tract infection 2 (3) 9 (11) 0.048

Pneumonia 3 (4) 5 (6) 0.724

Wound infection 0 4 (5) 0.123

Intra-abdominal abscess 2 (3) 1 (1) 0.601

Patients with anastomotic leakage, n (%) 2 (3) 6 (7) 0.284

Patients with the combined endpoint b, n (%) 8 (11) 22 (26) 0.014

Pts. with non-infectious complications, n (%)a 15 (20) 19 (22) 0.713

Cardiopulmonary c 9(12) 10(12) 0.966

Neurologic (CVA, delier) 2 (3) 3 (4) 1.00

Abdominal (non-infectious)d 7 (9) 13 (15) 0.254

Patients with a relaparotomy, n (%) 6 (8) 7 (8) 0.937

No. of patients with complications, n (%) 19 (25) 32 (38) 0.085

Mortality, n (%)  0 3 (4) 0.248

IQR interquartile range (25%–75%). a Some patients had more than one complication. b Combined endpoint = 
infectious complications and anastomotic leakage together. c AF, infarct, pulmonary embolism, respiratory 
insufficiency, decompensatio cordis. d Urinary retention, ileus, wound dehiscence, hematoma.
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Univariate as well as multivariate analysis showed that not receiving SDD, diabetes and 
age above 60 years were significant and independent predictors for the combined endpoint 
infectious complications and anastomotic leakage (table 4). 

DISCUSSION 

This non-randomized controlled study on the use of peri-operative SDD in elective colorectal 
surgery in addition to standard parenteral prophylaxis shows a significant decrease of 
infectious complications and of the combined endpoint with anastomotic leakage when SDD 
is applied. The size of the present study is too small to draw conclusions about a possible 
effect of SDD on mortality. Since this is the first study on the use of perioperative PTA-SDD 
in elective colorectal surgery, initiated one to two days before surgery on the ward, 
comparison with the literature is not possible. However, our results are in accordance with 
the application of the same SDD regimen in patients undergoing oesophageal resection. 16;20 
The hallmark of this PTA-SDD regimen is that the antibiotics remain in the digestive tract 
and are not adsorbed. Taylor evaluated oral ciprofloxacin (which has systemic effects as 
well) for 24 hours preoperatively as a prophylaxis in colorectal surgery found a reduction of 
incidence of infectious complications from 32.7% to 14.5%. 21 On the contrary, Espin-Basany 
et.al 22 found no advantage in postoperative complications in 300 patients, who were divided 
in three groups. One group received three doses of oral antibiotics (1 g of neomycin and 1 
g of metronidazole 3 times a day) preoperatively, one group one dose of neomycin and 
metronidazole and the third group no oral antibiotic. They all received peri-operative 
parenteral antibiotics (cefotaxitim 1 g intravenous before skin incision and two postoperative 
doses). In the present series of patients, selective decontamination of the digestive tract 
was achieved by administration of the oral antibiotics four times a day, at least one and 
preferably 2 days prior to surgery. This regimen differs from those described in previous 
studies in several ways. First, the orally administered antibiotics remain in the digestive tract 
and have no systemic effects. Furthermore, the antibiotics are optimally given for at least 
2 days prior to surgery to reach the entire digestive tract before surgery commences and 

Table 4  | Multivariate Analysis of the Combined Endpoint: Infectious Complications and Anastomotic Leakage.

Univariate Multivariate

Variable OR  95% CI p value OR 95% CI p value

SDD 0.3 0.14–0.82   0.017 0.4 0.14–0.84 0.021

Previous abdominal surgery 1.2 0.55–2.72 0.617

(Low) anterior resection 1.2 0.52–2.96 0.635 

Diabetes 4.0 1.45–11.07 0.008 2.9 0.97–8.51 0.057

Age >60 years 3.2 1.24–8.40 0.016 3.4 1.26–9.17 0.016

Converting ileostomy 0.5 0.06–4.37 0.552

Closure of temporary colostomy 0.5 0.11–2.21 0.349
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are continued postoperatively until normal bowel movements are attained. Although the 
present results are convincing, the study has several limitations. 
Most importantly, the intervention was not randomized and placebo controlled. Due to the 
non-randomized design of this study, we could not correct for all potential interacting factors 
(known and unknown). 
Furthermore, for an optimal effect of SDD bowel movements are necessary for the 
antibiotics to reach the entire gut. It therefore takes at least 2 days before selective 
decontamination is achieved, or longer if bowel movements are delayed. In this study the 
SDD was started 2 days before surgery in only 67% of the patients. As a result, one third 
of the patients was likely not sufficiently decontaminated before surgery. When the 
peristalsis is diminished, for instance during obstruction or paralytic ileus, the topical 
antibiotics are only transported by diffusion and decontamination of the digestive tract is 
insufficient. Also, the SDD needs to be continued until oral intake is resumed and normal 
bowel passage is achieved, because then secondary colonisation of PPM’s is prevented 
by natural mechanisms of defence. Due to the retrospective analysis of clinical data, it was 
not always clear whether SDD was continued until normal bowel passage was achieved. 
Therefore, if SDD would have been given at a strict regimen before surgery and until normal 
bowel function had been achieved postoperatively, it would probably have resulted in a 
further decrease of infectious complications.
It should be noted that there is a difference in administration of the SDD on the surgical 
ward or on the ICU. 23 On the ICU, the SDD regime includes five components. First, for 
gastro-enteral decontamination polymyxine, tobramycin and amphotericin (PTA) are 
administered in the stomach by the gastric tube. Second, for oral decontamination a sticky 
paste containing PTA is applied in the mouth. Oral decontamination is crucial for intubated 
patients who lack oral feeding. Third, for treatment of (possible) infections on ICU admission 
the patients receive intravenous cefotaxim 1 g 4 times daily until site cultures are negative. 
Fourth, the topical antibiotic treatment is combined with an optimal hygienic strategy 
preventing exogenous infections. Fifth, surveillance cultures are taken 3 times a week to 
determine colonisation on admission, to monitor whether decontamination is adequate 
and to detect possible acquisition of exogenous resistant micro-organisms. On the ward 
however, the patient population is not intubated and is not critically ill, therefore a different 
regimen of administration may be applicable. Our patients did not receive additional 
oropharyngeal decontamination and surveillance cultures were not taken. 
In literature, high American of Anaesthesia score (ASA), (low) rectal surgery, an operative 
time of 3 hours or longer and a high body mass index are factors associated with 
complications after colorectal surgery. 24-26 In our series of patients, the surgeons tended 
to apply SDD in patients with a high risk for infectious complications (in this case (low) 
anterior resections). However, this selection bias did not result in a higher complication 
rate in the SDD group. Multivariate analysis did not show low anterior operation as an 
independent predictor, although this subgroup might be too small and its interaction 
with the use of SDD too strong to draw a firm conclusion. Also previous abdominal 
surgery and a diverting ileostomy above a low anastomosis had no effect on the 
outcome. Altogether, the SDD group had less infectious complications even though 
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there were more low-anterior and anterior resections in the SDD group. 
In our study, diabetes and higher age were additional independent predictors of the 
combined endpoint. Although more patients had diabetes mellitus in the control group, 
the use of SDD was associated with less infectious complications independent of diabetes 
and higher age. There could be a possible advantage in the use of peri-operative SDD for 
this specific group of patients, who (a priori) have a higher chance of postoperative 
complications.

CONCLUSION

The present non-randomized controlled study of a 3-years cohort of 162 patients is the first 
study that analyses the use of peri-operative SDD in elective colorectal surgery. The study 
shows that peri-operative SDD initiated one to two days before surgery using oral antibiotics 
that remain in the digestive tract, reduces postoperative infectious complications combined 
with anastomotic leakage. To confirm this conclusion we initiated a placebo-controlled 
randomized trial.
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ABSTRACT

Background
This randomized clinical trial analysed the effect of peri-operative selective decontamination 
of the digestive tract (SDD) in elective gastrointestinal surgery on postoperative infectious 
complications and leakage.

Methods
All patients undergoing elective gastrointestinal surgery during a 5-year period were 
evaluated for inclusion. Randomized patients received either SDD (polymyxin B sulphate, 
tobramycin and amfotericin) or placebo in addition to standard antibiotic prophylaxis. The 
primary endpoint was postoperative infectious complications and anastomotic leakage 
during hospital stay or 30 days after surgery. 

Results
A total of 289 patients were randomized to either SDD (143) or placebo (146). Most patients 
(190, 65.7%) underwent colonic surgery. There were 28 patients (19.6%) with infectious 
complications in the SDD group compared with 45 (30.8%) in the placebo group (p = 0.028). 
The incidence of anastomotic leakage in the SDD group was 6.3% versus 15.1% in the 
placebo group (p = 0.016). Hospital stay and mortality did not differ between groups.

Conclusion
Perioperative SDD in elective gastro-intestinal surgery combined with standard iv antibiotics 
reduced the rate of postoperative infectious complications and anastomotic leakage 
compared with standard intravenous antibiotics alone. Perioperative SDD should be 
considered for patients undergoing gastro-intestinal surgery.
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INTRODUCTION

Postoperative infectious complications increase hospital stay and costs of treatment.1 
Especially in gastro-intestinal surgery, the incidence of infectious complications, i.e. surgical 
site infections (SSI), is high.2 The cause of these postoperative infections is multifactorial. 
The Nosocomial Infection Surveillance study showed that wound classification, duration 
of operation and American Society of Anesthesiologist (ASA) classification are associated 
with a higher incidence of SSI rate.3 Furthermore, a high body mass index (BMI)4, excessive 
blood loss, perioperative hypothermia5 and a low anastomosis in rectal surgery6 are 
associated with an increase in SSI rate. Some of  these factors have also been identified 
as a risk factor for anastomotic leakage.7 As a consequence, prevention of these 
postoperative complications demands a multifactorial approach. The Dutch Working Group 
on Antibiotic Policy (Stichting Werkgroup Antibiotica beleid) recommends prophylactic use 
of peri-operative intravenous antibiotics (cefuroxime and metronidazole) for patients 
undergoing gastrointestinal surgery.8 With selective decontamination of the digestive tract 
(SDD) antibiotics are  administered orally. 
Perioperative SDD aims to prevent postoperative complications caused by translocation 
of intestinal Gram-negative rods and yeasts, and perioperative endotoxaemia caused by 
permeation of bacterial compounds through a diminished gut-blood barrier. Topical 
antibiotics achieve this through the eradication of potentially pathogenic microorganisms, 
such as Staphylococcus aureus, Enterobacteriaceae, Pseudomonas aeruginosa and yeasts 
and the prevention of colonization of the gastro-intestinal tract from oropharynx to rectum, 
while sparing the anaerobic flora. Possible disadvantages of SDD are the bad taste and 
consequent  possible nausea. The antibiotic components used in SDD have negligible 
systemic side-effects, as they are applied in a topical paste that has virtually no uptake in 
the bloodstream. 
In a retrospective study on the efficacy of peri-operative SDD in elective colorectal surgery, 
we found a decrease in postoperative infectious complications and anastomotic leakage.9 

The positive effect of oral antibiotic bowel preparation in the prevention of surgical site 
infections in patients undergoing colorectal surgery is also reported in a recent review.10 
The aim of this randomized placebo-controlled study was to analyse the effect of 
perioperative SDD in patients undergoing gastrointestinal surgery in order to confirm 
previous findings.

MATERIAL AND METHODS

This randomized double-blind, placebo-controlled, clinical trial was approved by the Central 
Committee on Research Involving Human Subjects (CCMO) in the Netherlands (trial number 
P02.1187L) and the Medical Review Ethics committee of our hospital. All patients 
undergoing an elective resection of the digestive tract with a primary anastomosis with or 
without diverting ileostomy or closure of a temporary colostomy were asked to participate 
in this study. Patients were asked to participate by a surgeon or a surgical resident on our 



38

SDD IN ELECTIVE GI SURGERY

3

C
H

A
P

T
E

R

outpatient department, two weeks prior to scheduled surgery. Written information about 
the trial was given to all patients. A hospital specialist, not associated with this trial, was 
chosen as an independent counselor before, during and after participation in this trial. If 
patients were unable to give informed consent or if there was a severe linguistic barrier, 
patients were not included. Exclusion criteria included acute surgery for bleeding, 
perforation or obstruction, pregnancy and a previous allergic reaction to the antibiotics used 
in this study, including the components of SDD. Written informed consent was obtained 
from all eligible patients. 
Block randomization was performed by a computer at the hospital pharmacy and randomized 
patients were classified into 4 groups (A,B,C or D), correcting for an expected difference 
in number of upper and lower gastro-intestinal surgery. Group A included patients 
undergoing esophageal and gastric surgery, group B Hepato-Pancreato-Biliary (HPB) surgery, 
group C colectomies, and group D rectal resections. Operating time, type of surgery (open 
versus laparoscopic procedure) and type of anastomosis were registered, as well as 
pathological reports of the specimen. Preoperative white blood cell count and C-reactive 
protein, chest X-ray and urinary- and sputum cultures were taken in an outpatient setting 
to determine whether the postoperative infectious complications were newly acquired.

Intervention
Patients were randomized to SDD and placebo. The SDD preparation contained polymyxin 
B sulphate 100 mg, tobramycin 80 mg and amphotericin B 500 mg (PTA). The placebo 
consisted of rice starch with water, sorbitol, the colors E110 and E 122 mixed with a lemon-
banana essence. It had almost the same texture and color as the SDD. Prefabricated 
syringes with the patient’s name and number were provided by the hospital pharmacist 
and stored in the refrigerator on the surgical ward. The trial medication was given to the 
patient by the nurses on the ward. After oral administration, the empty syringes were 
returned to the pharmacy. The attending physician on the surgical ward was therefore 
blinded. Patients were unable to see any difference between their trial medication and that 
of neighbouring patients. As soon as the trial was finished the blinding was disclosed by 
means of computer software only accessible by pharmacy personnel. Patients were 
admitted two days prior to surgery and the trial medication (SDD or placebo) was started 
directly after admission on the surgical ward. The trial medication was administered orally 
four times a day . If a patient had a nasogastric tube after surgery, the trial medication was 
given both through the tube and orally. According to the standard protocol, preoperative 
mechanical bowel preparation (Phosphoral®, MSD, Spain or Klean prep (Norhine B.V., 
Amsterdam, the Netherlands) was used in patients undergoing colonic surgery, while 
patients with upper gastro-intestinal surgery, HPB surgery or right sided colectomies 
received only a liquid diet. In the operating room, a rectal culture was taken to examine 
whether decontamination had been adequate. The trial medication was continued on the 
day of surgery (if possible) and after surgery until normal bowel function was achieved 
(normal intake and/or passage of stool) or at least until the third day after surgery. 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 considered as ‘optimal’. If it was started 1 
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day prior to surgery and/or given for fewer than 3 days after surgery or stopped before 
normal bowel movements had resumed, it was defined as ‘suboptimal’. If a patient was 
admitted to the Intensive Care Unit (ICU), the trial medication was continued for 72 hours. 
After this, the usual ICU SDD regimen was followed; in this hospital, SDD has been used 
as standard prophylaxis against infection in critically ill patients in the ICU since 1984. All 
patients received the same parenteral antibiotics peri-operatively for 24 hours, including 
cefuroxime 1500 mg and metronidazole 500 mg at 8 hour’s interval, starting 30 minutes 
before surgery. Thus only the oral trial medication (SDD or placebo) varied. Finally, all 
patients received a urinary catheter or supra pubic catheter for at least 24 hours.

Outcome
The primary endpoint was infectious complications within hospital stay for those discharged 
before 30 days or at 30 days after surgery. The postoperative complications were divided 
into infectious and non-infectious. Infectious complications included wound infections, 
urinary tract infections, pneumonia, intra-abdominal abscesses and anastomotic leakage. 
Infectious complications were diagnosed according to standard definitions.11 Postoperative 
cultures of wound, blood or urine were taken if an infection was suspected. Anastomotic 
leakage was determined by clinical examination (fever, abdominal pain, signs of ileus) in 
combination with blood results (elevated white blood cell count and/or raised C-reactive 
protein level). The diagnosis was confirmed by computed tomography (CT), X-ray with 
rectal contrast and/or by relaparotomy. If a patient had an intra-abdominal abscess or fluid 
collection(s) without contrast extravasations on CT-scan, a percutaneous drainage procedure 
was performed. In other cases a relaparotomy followed. Abdominal wound dehiscence or 
burst abdomen was a clinical diagnosis, confirmed by the attending surgeon. Cardiac failure, 
deep venous thrombosis, pulmonary embolism and cerebrovascular accidents were 
diagnosed by the consulting specialists, and confirmed by CT-scan and/or ultrasound.  
The secondary endpoints were hospital stay and mortality, defined as in-hospital death or 
death within 30 days after-surgery. 

Statistical analysis
A decrease in postoperative infection rate of 50% was considered to be clinically relevant. 
To detect an estimated difference in primary outcome of 15%, i.e. a reduction of 
postoperative infectious complications from 30 to 15 percent and anticipating 20% loss to 
follow up, 132 patients were required in each group to give the study a power of 80%. 
Data were analyzed according to intention-to-treat principle. 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. For statistical analysis we used SPSS version 16 for 
Windows (SPSS Inc, Chicago, Illinois, USA). 
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RESULTS

Between January 2003 and January 2008, 929 patients underwent elective surgery of the 
digestive tract with anastomosis. Of these patients, 149 did not meet the criteria or were 
not eligible for the study because of inability to give informed consent or severe linguistic 
barriers. 480 patients refused to participate in this trial. Six patients withdrew before 
randomization but after informed consent had been given, because of second thoughts. 
Patient characteristics of these 635 were comparable with those who were included in 
the trial. The most important reason for refusal was that patients did not want to take a 
medicine that tasted bad, without strong evidence that it would be beneficial. They also 
disliked the personal interference of a trial. Of the 294 randomized patients, 5 patients did 
not undergo surgery. Of the remaining 289 patients, 24 did not complete the trial protocol, 
but were analyzed according to intention-to-treat principle. Eventually, 143 patients were 
randomized to SDD and 146 to placebo (Figure 1). 

Figure 1 |  Flow chart.
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In the SDD group, 139 patients actually received the trial medication and in the placebo 
group 126 patients did so. Despite randomization, 15 patients in the placebo group received 
SDD. Table 1 shows the baseline patient characteristics of both groups. There were no 
differences in sex and age, but more patients in the placebo group had previous abdominal 
surgery (48 versus 62). There was no significant difference in the incidence of cardiovascular 
co-morbidity or diabetes mellitus. 

Preoperative cultures
A preoperative urinary culture was taken in 244 patients (84.4%) of the patients. In 22 
patients, a urinary tract infection was diagnosed preoperatively, 14 in the SDD group, 8 in 
the placebo group (table 1). In some cases, a colovesical fistula as a result of complicated 
diverticulitis or tumor growth explained the positive culture. None of the other patients had 
an obvious reason for contamination and all were asymptomatic. None of the patients had 
clinical symptoms of a urinary tract infection after surgery except for one in the placebo group. 
This infection was not documented as a complication, but as a result of previous disease. 
A pre-operative sputum culture was taken in 207 patients (71.6%), 104 (72.7%) in the SDD 
group and 103 (70.5%) of the placebo group, showing no growth in 90% of the patients 
and growth of <105 colonies of bacteria in 10%. None of these patients had clinical, 
laboratory or radiological signs of infection or pneumonia.

Mechanical bowel preparation
Mechanical bowel preparation was used in 157 (54.3%) patients equally divided in both 
groups. (Table 1)

Type of surgery
There were no significant differences between the groups in type of surgery, operating 
time or the number of laparoscopic procedures (Table 2). In most patients a partial colectomy 
or rectal resection was performed, 93 (65%) in the SDD group versus 97 (66.4%) in the 
placebo group. In 15 patients, 5 in the SDD group and 10 in the placebo group, other surgery 
was performed than originally planned. In some cases no resection was performed, for 
instance due to an irresectable process or distant metastasis. In those cases, adhesiolysis, 
bypass or colostomy was performed. In the SDD group, 6 laparoscopic procedures were 
converted to open surgery versus 5 in the placebo group. The rate of diverting ileostomies 
or stapled anastomosis did not differ either. Finally, pathological examination of the 
specimen reported malignancy in 204 patients (70.6%), equally divided in both groups. 

Postoperative Complications
The SDD group had a significantly lower rate of postoperative complications (Table 3). 
In the SDD group, there were 47 (32.9%) patients with complications and in the placebo 
group 67 (45.9%) (p=0.02, RR = 0.72, 95% CI 0.53-0.96). There was a significant lower 
rate of infectious complications (especially urinary tract infections, wound infections and 
anastomotic leakage) in the SDD group, 28 patients (19.6%) versus 45 patients (30.8 %) 
in the placebo group (p=0.028, RR =0.64, 95% CI 0.42-0.96). In the SDD group, the 
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Table 1  | Baseline characteristics of the randomized patients.

SDD (n = 143) Placebo (n = 146) p-value

Male, n (%) 81 (57) 76 (52) 0.434

Age 64 ± 13 63 ± 12 0.750

Comorbidity 

Cardiovascular (%) 26 (18.2) 31 (21.2) 0.515

Pulmonary (%) 18 (12.6) 19 (13.0) 0.914 

Previous abdominal surgery) (%)a 48 (33.6) 62 (42.5) 0.119 

Diabetes (%) 23 (16.1) 18 (12.3) 0.360

Preoperative urinary tract infection 14 (9.8) 8 (5.5) 0.167

Mechanical bowel preparationb 71 (49.7) 76 (52.1) 0.683

Values are presented as mean±SD or number (%) as appropriate.
a one or more. b Phosphoral® (MSD, Spain) or Klean prep (Norhine B.V., Amsterdam, the Netherlands).

Table 2 |  Surgical characteristics.

Type of surgery SDD (n = 143) Placebo (n = 146) p-value

0.51

Group A Esophageal /gastric resection 14 (9.8) 11 (7.5)

Group B HPB surgery a 31 (21.7) 28 (19.2)

Ileocoecal resection 1 (0.7) 5 (3.4)

Hemicolectomy (right sided) b 27 (18.9) 24 (16.4)

Transversectomy 3 (2.1) 2 (1.4)

Hemicolectomy (left sided) 5 (3.5) 9 (6.2)

Sigmoidectomy 22 (15.4) 15 (10.3)

Group D (low) anterior resection 29 (20.3) 32 (21.9)

Proctocolectomy 2 (1.4) 5 (3.4)

Closure of temporary colostomy 4 (2.8) 5 (3.4)

Other surgery c 5 (3.5) 10 (6.8)

Operating time, minutes 199 (160-241) 193 (142-230) 0.238

Laparoscopic surgery (%) d 39 (27.3) 32 (21.9) 0.290

Diverting ileostomy (%) 7 (4.9) 8 (5.5) 0.823

Stapled anastomosis (%) e 66 (49.3) 68 (51.5) 0.712

Malignant disease 103 (72.0) 101 (69.2) 0.595

Values are presented as median (25%-75%) or number (%) as appropriate.
a Including Pancreas surgery (Frey’s procedure),hemihepatectomy with biliodigestive anastomosis, PPPD and 
double bypass. b Including ileocoecal resection. c No resection or only colostomy because of irresectable tumor, 
gastroenterostomy or only adhesiolysis. d In the SDD group 6 laparoscopic procedures were converted to open 
procedures versus 5 in the placebo group. e 5 patients in the SDD group and 5 in the placebo group had both 
stapled and partial sutured anastomosis and were counted as stapled.      
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incidence of anastomotic leakage was significant lower than in the placebo group, 9 (6.3%) 
versus 22 (15.1%) patients (p=0.016, RR = 0.42, 95% CI 0.20-0.88). Leakage with 
anastomotic dehiscence was diagnosed in 7 (4.9%) patients in the SDD group and 14 
(9.6%) patients in the placebo group and confirmed and treated by relaparotomy (p= 0.173). 
An intra-abdominal abscess without leakage of contrast on CT scan was seen in 2 (1.4%) 
patients in the SDD group versus 8 (5.5%) patients in the placebo group (p = 0.058).The 
characteristics of patients with anastomotic leakage are described in table 4. Among those 
with anastomotic leakage, patients were older (median 71 versus 59 years) and hospital 
stay was shorter (21 versus 33 days) in the SDD group compared to placebo. Of the 9 
patients with leakage in the SDD group, 6 underwent a Whipple procedure. The other 3 
patients had a leakage after right-sided hemicolectomy. Of the 22 patients with leakage in 
the placebo group, 9 had a leakage after gastrectomy or Whipple procedure, and 13 with 
leakage after colonic surgery, including closure of colostomy and low anastomosis after 
rectal surgery. 
There was no significant difference in hospital stay of all 289 patients (median 11 days in 
the SDD group versus 12 days in the placebo group) (p = 0.57). This hospital stay included 
the 2 days admission before surgery. 

Table 3  | Primary and secondary endpoints.

SDD 
(n= 143)

PLACEBO
 (n= 146)

P-value

Total nr of patients with complications (%) 47 (32.9) 67 (45.9) 0.024

Nr of Patients with infectious complications (%)a 28 (19.6) 45 (30.8) 0.028

Pneumonia 8 (5.6) 9 (6.2)

Urinary tract infection 3 (2.1) 11 (7.5) 0.031

Wound infection 10 (7.0) 19 (13.0) 0.089

Clostridium 1 (0.7) 1 (0.7) 1.000

Anastomotic leakage b 9 (6.3) 22 (15.1) 0.016

Nr of Patients with non infectious complications (%) a 20 (14.0) 22 (15.1) 0.794

Cardiopulmonary c 10 (7.0) 12 (8.2) 0.694

Neurologic d 1 (0.7) 2 (1.4) 1.000

Abdominal (non infectious) e 15 (10.5) 16 (11.0) 0.897

Nr of patients with one or more relaparotomy f 15 (10.5) 19 (13.0) 0.505

Hospital stay in days, median (IQR) 11 (9-14) 12 (9-18) 0.055

Mortality, no (%) 6 (4.2) 5 (3.4) 0.732

Readmission 12 (8.4) 9 (6.2) 0.466

IQR=interquartile range, 25%-75%. a some patients had more than one complication. b dehiscense of anastomosis 
identified  by relaparotomy or computed tomography, and intra-abdominal abscesses  without obvious dehiscence. 
c Atrial fibrillation, infarct, pulmonary embolism, respiratory insufficiency, heart failure. d Stroke, delirium. e urinary 
retention, ileus, wound dehiscence, hematoma, fasciotomy of the lower extremity in 2 patients in the selective 
decontamination of the digestive tract (SDD) group. f All relaparotomies for leakage, bleeding, burst or open 
abdomen, ileus, during (re)admission.
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When the groups were divided in upper GI surgery (i.e. group A and B) and lower GI surgery 
(group C and D) the hospital stay for lower GI surgery  in the SDD group was 9 days (8-14) 
and 11 days (8-17) in the placebo group (p=0.035). Hospital stay in upper GI surgery did 
not differ (14 days in both groups, (p = 0.482)). Mortality rates did not differ between 
groups, and there was no significant difference in number of relaparotomies or readmissions. 
The reasons for readmission were nausea, abdominal cramps and transitory ileus, wound 
infections, bleeding from a gastric ulcer and a pulmonary embolus. In three cases, a 
relaparotomy was performed during readmission for leakage or abscesses. All postoperative 
complications were treated according to hospital protocol. Wound infections were treated 
by opening of the wound. It was rinsed 3 times daily until debris was cleared. Urinary tract 
infections and pneumoniae were treated by parenteral antibiotics for 3 and 7 days 
respectively, according to hospital protocol. 
Serious adverse events like anastomotic leakage or intraabdominal abscesses were treated 
by percutaneous drainage or relaparotomy if drainage was not possible and patients did 
not improve as mentioned earlier. Antibiotics were only administered if, in spite of drainage, 
patients maintained a high temperature or if a bloodstream infection was confirmed by a 
positive culture. 

Table 4  | Patients with anastomotic leakage (N = 31).

SDD Placebo p-value

N = 9 N = 22

Age (years) a 71 (56-82) 59 (54-68) 0.133

Male 3 (43) 14 (64) 0.233

Type of surgery

Gastric resection 0 4

Whipple procedure 6 5

Hemicolectomy (right sided) 3 3

Hemicolectomy (left sided) 0 1

(low) anterior resection 0 4

Other (i.e. proctocolectomy, closure of colostomy) 0 5

Hospital stay in days, median (IQR) 21 (12-39) 33 (22-52) 0.089

a Values are median (interquartile range).

Table 5  | Rectal cultures taken in the operating room.

SDD Placebo

N = 143 N = 146

Number of cultures taken (%) 100 (70.0) 99 (67.8)

Nr patients with ‘Optimal’ SDD/ placebo  administration (%) a 82 (57.3) 87 (59.6)

Adequate decontamination (No growth of Gram-negatives and yeasts) 65 (45.5) 9 (6.2)

a Trial medication started 2 days before surgery (6 to 8 doses) and continued until at least the third day after 
surgery (9-12 postoperative doses).
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Administration of trial medication 
Optimal trial medication (SDD or placebo) was administered in 82 (57.3%) in the SDD 
group and 87 (59.6%) in the placebo group. The patients received a median of 19 doses 
in the SDD group (range 13-24), and 20 doses (range 16-25) in the placebo group. 13 (16%) 
patients who received ‘optimal’ SDD had an infectious complication versus 25 (29%) of 
the placebo group (p = 0.045). A rectal culture was taken in the operating room in 102 
(71.3%) patients in the SDD group and 103 (70.5%) of the placebo group. Two cultures 
in the SDD group and 4 cultures in the placebo group did not reach the laboratory and 
could not be analyzed. Results of the analyzed cultures are presented in table 5. Sixty-five 
of 100 cultures taken in the SDD group showed adequate decontamination (no growth of 
Gram-negatives or yeasts), while growth of Gram-negatives and yeasts was absent in 9% 
of the patients in the placebo group (p<0.001). Of all 73 patients with infectious 
complications (i.e. 28 in the SDD group and 45 in the placebo group), 49 rectal cultures 
were taken on the operating room (17 in the SDD group and 32 in the placebo group). 
Four of the 17 cultures (23.5%) of patients with infectious complications in the SDD group 
showed no decontamination at all. For the placebo group this was 87.5% (28 of 32). As 
been mentioned above, the 28 patients with infectious complications in the SDD group 
had received “optimal” SDD in 13 of 28 cases (46.4%).

DISCUSSION

The present double blind randomized controlled trial on the use of peri-operative selective 
decontamination of the digestive tract in elective gastro-intestinal surgery demonstrated 
an absolute risk of infectious complications of (28/143) 19.6% in the SDD group and 30.8% 
in the placebo group which results in a relative risk of 64%. Therefore a 36% relative 
reduction in postoperative infectious complications was seen, particularly urinary tract 
infections and wound infections. The absolute risk reduction was 11,2% and the numbers 
needed to treat was 9. In addition a 58% relative reduction of anastomotic leakage was 
found, which is the surgical site infection with the highest clinical relevance.
This lower incidence of infections complications and anastomotic leakage was associated 
with a trend towards a shorter hospital stay in the SDD group. In addition, hospital stay 
tended to be shorter in the patients with anastomotic leakage despite older age, suggesting 
that the severity of the disease accompanying the leakage may be less, because the 
peritoneal cavity was contaminated with a lower bacterial load and less pathogenic flora. 
It has been suggested that the lower rate of anastomotic leakage with SDD is explained 
by the fact that overgrowth of Gram-negative bacteria may induce mucosal inflammation 
at the suture. 12 Specific antibiotic prophylactic regimes can limit the rate of postoperative 
infections, in addition to optimization of the condition of the surgical patient. Of these, 
prophylactic perioperative intravenous antibiotics are standard use in gastro-intestinal 
surgery. A Cochrane analysis recently showed a significant reduction in surgical wound 
infections when prophylactic antibiotics with aerobic and anaerobic coverage were used 
compared to placebo. No statistically significant differences were found when comparing 



46

SDD IN ELECTIVE GI SURGERY

3

C
H

A
P

T
E

R

short- and long term duration of prophylaxis or single dose versus multiple dose antibiotics. 
When oral antibiotics were combined with intravenous antibiotic prophylaxis, the risk of 
surgical site infections (SSI) was 75% lower than with intravenous antibiotics alone.13 This 
finding corresponds to the results of a recent meta-analysis on surgical site infections. 
Different regimes of oral antibiotics are in use. In most studies, one to three doses of oral 
antibiotics are taken a day before surgery or on the day of surgery. 14 Selective 
decontamination of the digestive tract was introduced in intensive care medicine to prevent 
primary or secondary gut-derived Gram-negative and yeast infections. SDD aims to reduce 
or even eradicate potential pathogenic micro-organisms from oro-pharynx to rectum, while 
leaving the endogenous anaerobic flora largely undisturbed.15,16 
In 1990, Stoutenbeek advocated the use of SDD as a peri-operative infection prophylaxis 
in elective surgery like 17 oesophagectomy and gastrectomy.18,19 A randomized controlled 
trial of SDD in elective colorectal surgery demonstrated fewer postoperative wound 
infections and abdominal abscesses.20 Two recent meta-analyses of the use of SDD in the 
ICU showed a significant reduction in lower airway and bloodstream infections by 
respectively 65% and 37% and a reduction in mortality by 22% and 20%.21,22 In 1984, the 
use of SDD was initiated in the ICU of our hospital. In 1999, peri-operative SDD was started 
in the authors’ surgical ward to patients undergoing elective colorectal surgery. A 
retrospective analysis of 162 patients undergoing elective colorectal surgery between 1999 
and 2002 receiving perioperative SDD in addition to intravenous antibiotics demonstrated 
a decrease of postoperative infectious complications in colorectal surgery from 19.8% to 
7,9% when compared to systemic antibiotics alone. 9 The present study is the first double 
blind randomized study comparing the use of pre-operative selective decontamination in 
elective GI surgery with continued oral antibiotic prophylaxis until restoration of bowel 
function on a surgical ward postoperatively. 
The trial has several limitations. First, the study may have been underpowered, because 
the expected 50% reduction in postoperative infectious complications was not achieved. 
Second, SDD administration was ‘optimal’ in only 82 (57.3%) of 143 patients, and 65 
cultures (45.5%) showed adequate decontamination. To decontaminate the entire digestive 
tract, the antibiotics should be taken at least until defecation has occurred. The present 
results show that adequate decontamination in patients needing gastro-intestinal surgery 
often takes more than two days. We therefore advocate taking the SDD for three full days 
pre-operatively and adding a laxative to the SDD (such as polyethylene glycol) to promote 
defecation, especially in patients undergoing colonic surgery. Unfortunately, due to ileus 
or obstruction, full decontamination may not be attained in all patients. 
In the present study, patients were admitted to the hospital 2 days prior to surgery to 
assure optimal SDD/placebo intake. In daily practice this is however not feasible and also 
not necessary as we are able to explain to patients how to take the SDD at home. 
Thirdly, we experienced refusal of SDD on the ward, generally because of bad taste and 
nausea. It is therefore of upmost importance to explain the mechanisms and benefits of 
SDD, and to convince the patients of the importance of adequate intake, and also that the 
advantage of SDD can only be realized if they accept the bad taste. Fourthly, a 15.1% leak 
rate in the placebo group seems high. However, if gastrectomies and Whipple procedures 
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are left out, the number of anastomotic leakage was 13/97 (13.4%) after colonic and rectal 
surgery in the placebo group. In literature the incidence of anastomotic leakage after 
colorectal surgery differs, but is reported up to 10%.  23-25 
Fifthly, 15 patients in the placebo group unintentionally received SDD. This was revealed 
after closing the trial and breaking the blind. All manufactured syringes were returned to 
the pharmacy after use. In these patients, the syringes returned full. It became clear that 
“real SDD” had been given by mistake on the ward. This problem was seen at the start 
of the trial. After several extra meetings on the wards, this did not occur anymore.
Finally, the hospital stay was relatively long. For colorectal surgery only, this was 9 days in 
the SDD group and 11 days in the placebo group. Fast track surgery was not yet fully 
implemented in our hospital in those days, which explains the relatively long duration of 
stay in the colorectal group. After closing the trial, fast track protocols are standard 
procedure now.
In conclusion, this RCT shows that perioperative SDD in addition to standard iv antibiotics 
in elective gastro-intestinal surgery seems to decrease  postoperative infectious 
complications and anastomotic leakage. The study also shows that only 65% of the patients 
were adequately decontaminated during surgery with SDD being prescribed for two days. 
For adequate decontamination, the patient should defecate. Pre-operative SDD may be 
optimized by taking it for at least three days and adding a laxative to promote defecation. 
In addition, compliance should be increased by explaining that the advantage of SDD can 
only be realized if it’s bad taste is accepted. With a better decontamination rate, results of 
the strategy may be improved. We advise to consider peri-operative SDD to patients 
undergoing gastro-intestinal surgery, especially colorectal surgery, starting 3 days prior to 
surgery and continue SDD until normal bowel movements are achieved. Further prospective 
trials are needed to confirm our conclusions. 
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ABSTRACT

Objective
To study the current application of selective decontamination of the digestive tract (SDD), 
the use of preoperative antibiotics and mechanical bowel preparation (MBP) in elective 
gastrointestinal (GI) surgery in surgical departments in the Netherlands. 

Methods
A point prevalence survey was carried out and an online questionnaire was sent to GI 
surgeons of 86 different hospitals. 

Results
The response rate was 74%. Only 4/64 (6.3%) of the Dutch surgical wards are currently 
using perioperative SDD as a prophylactic strategy to prevent postoperative infectious 
complications. The 4 hospitals using SDD on their surgical wards also use it on their ICUs. 
All hospitals make use of perioperative intravenous antibiotic prophylaxis in elective GI 
surgery. In most hospitals, a cephalosporin and metronidazole are applied (81.3 and 76.6%). 
MBP was used in 58 hospitals (90.6%) mainly in left colonic surgery. 

Conclusions
Perioperative SDD is rarely used in elective GI surgery in the Netherlands. Perioperative 
intravenous antibiotic prophylaxis is given in all Dutch hospitals, conforming to guidelines. 
Although the recent literature does not recommend MBP before surgery, it is still selectively 
used in 90.6% of the Dutch surgical departments, mainly in open or laparoscopic left colonic 
surgery (including sigmoid resections).
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INTRODUCTION

Reduction of postoperative infectious complications is still a challenge in gastrointestinal 
(GI) surgery. Surgery of the colon and rectum is associated with a high incidence of 
infections and morbidity. Hospital stay is often extended and there is a higher mortality 
due to postoperative infectious complications. Different strategies are used to prevent 
perioperative endotoxemia and postoperative infections. Since the introduction of oral 
preoperative antibiotic prophylaxis in GI surgery in the early 1970s, the rate of postoperative 
complications has declined from approximately 40 to 28%.1 
Dutch guidelines promote the application of perioperative antibiotics. Antibiotic prophylaxis 
is generally recommended for surgical procedures with relatively high postoperative 
infection rates and those in which the consequences of infection are serious, as in GI 
procedures. Studies have revealed that prophylaxis given within 2 h before surgery is most 
effective. Short-term, preferably single-dose prophylaxis is as effective as multiple dose 
prophylaxis in most procedures.2  Antibiotic prophylaxis is different from repeated doses 
after the operation in cases of contamination; such doses (usually during 3 or 5 days) are 
on a therapeutic basis. This study will not consider antibiotic therapy.
Another method to decrease postoperative infectious complications might be the 
perioperative administration of selective decontamination of the digestive tract (SDD).3

In 1984, SDD was introduced on the ICU by Stoutenbeek.4  In his study, a combination of 
tobramycin, polymyxin and amphotericin B was administered to multipletrauma patients 
staying in the ICU for 5 or more days and needing mechanical ventilation. The infection 
rate decreased from 81 to 16%.4  The inconveniences of SDD are the bad taste (bitter) and 
possible nausea. The antibiotic components of SDD hardly give any systemic side effects, 
as SDD is a topical paste which has barely any uptake in the bloodstream. Recently, we 
published a retrospective study on the use of SDD in colon surgery on the surgical ward. 
The results are promising and suggest that postoperative infectious complications can be 
reduced by applying SDD before and after surgery.5  In a prospective randomized controlled 
trial by our group, perioperative SDD did indeed decrease infectious complications, and 
also the rate of anastomotic leakage (accepted for publication). However, the application 
of SDD on surgical wards in the Netherlands is uncommon. A survey on the use of SDD 
on the ICU showed that SDD is used as an infection prevention strategy in 30% of Dutch 
ICUs. Several meta analyses, single-centre randomized studies and a multicentre trial 
showed that SDD improves survival of critically ill ICU patients.6-9 Although the guideline 
of the Dutch Society of Intensive Care Medicine promotes SDD as an evidence-based 
strategy, 70% of the ICUs still do not follow this guideline. Ninety per cent of the ICUs 
applying SDD use the full regimen of oral and GI antibiotics (tobramycin 4 x 80 mg, 
polymyxin-B 4 x 100 mg and amphotericin 4 x 500 mg) and a short course of intravenous 
cefotaxime. 10

Until recently, it was assumed that preoperative mechanical bowel preparation (MBP) in 
combination with oral antibiotics reduced the risk of septic complications after elective 
colorectal surgery. Mechanical cleansing was performed routinely prior to colorectal surgery. 
However, several clinical trials show that there is no evidence evidence that patients benefit 
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from MBP and application should be reconsidered. 11, 12 The present survey was performed 
to investigate the use of SDD, perioperative antibiotics and MBP in elective GI surgery on 
surgical wards in the Netherlands.

MATERIALS AND METHODS

This study is a point prevalence study on the use of SDD, perioperative antibiotics and 
MBP in surgical wards in the Netherlands. The study was conducted from June 2009 to 
January 2010. An online questionnaire was sent to GI surgeons at all hospitals in the 
Netherlands. Private clinics were excluded. The GI surgeons were contacted by email and 
mail in the time frame from June 2009 to March 2010. Those GI surgeons who did not 
respond by email or complete the online survey were contacted by mail and telephone. A 
paper version of the questionnaire was sent and a return envelope included.

Questionnaire
The survey was subdivided into 3 parts. The first part consisted of questions concerning 
SDD, whether SDD was currently applied as an infection prophylaxis regimen in their ICU 
and/or at the department of GI surgery. Details of the prescription regimen were asked: 
the combination and dose of the antibiotics, the times of administration, and the number 
of treatments. Also the indications for the use of SDD were asked. Subsequently, the 
pharmacy  of the hospital applying SDD was contacted by email to register the exact 
combination and dose of SDD.
The second and third part included questions about the application of perioperative 
antibiotics and MBP in GI surgery. Details of the prescription regimens, times of 
administration and the indications were asked. The questionnaire consisted of several 
questions to which multiple answers were possible and there was space for free text  
(Figure 1).

Data Analysis
All data were gathered in SPSS 15.0 (SPSS, Chicago, Ill., USA) and enumerated as totals 
and percentages.

RESULTS

For this survey, Dutch GI surgeons from all 86 hospitals (8 academic centers and 78 non-
academic or regional hospitals) were asked to complete the questionnaire. Those hospitals 
consisting of two or more locations were joined. Private clinics were excluded. The online 
questionnaire was successfully completed by 35 different hospitals. Another 20 hospitals 
responded after the paper version. A personal email to return the questionnaire was sent 
to the surgeons in the remaining hospitals (n = 31). Finally, the total response rate was 
74%: 6 academic centers and 58 peripheral hospitals were included.
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Figure 1|  Questionnaire

Part one (SDD)

 1. Do you use SDD on your surgical ward and/or ICU?
 a. Yes, only on the ICU
 b. Yes, only on the surgical ward
 c. Yes, on ICU and surgical ward
 d. No

 2. If you use SDD, what is the combination and dose of the antibiotics?

 3. When do you start SDD?
 a. Two days prior to surgery (8 gifts)
 b. One day prior to surgery (4 gifts)
 c. Other …*

 4. Does a patient get SDD on operation day?
 a. Yes b. No c. Other …*

 5. Is SDD being continued if the patient goes to the ICU postoperatively?
 a. Yes, until … days* b. No

 6. When do you stop SDD? (multiple choice)
 a. One day postoperative
 b. Twee days postoperative
 c. Three days postoperative
 d. Four days postoperative
 e. Five days postoperative
 f. Six days postoperative
 g. Seven days postoperative
 h. After minimal three days, or when the patient has normal bowel movement
 i. When the patient has normal bowel movement and eats
 j. When the patient does not want to take SDD
 k. Other …*

 7. Indications for SDD are: (multiple choice)
 a. Elective surgery
 b. Laparoscopic surgery
 c. Esophageal surgery
 d. Gastric surgery
 e. Pancreatic surgery (including Whipple procedure)
 f. Liver resections
 g. All GI-related surgery with anastomosis
 h. Eliminate colostomy
 i. All left sided colonic surgery 
 j. Colonic surgery with low anastomosis 
 k. Total colectomies with ileo-anal or rectal anastomosis
 l. Imunocompromised patients
 m. Elderly patients (>70 years)
 n. Other …*

Part two (Perioperative antibiotics)

 8.  Are there any preoperative, intravenous antibiotic prophylaxis be given to patients who 
undergo GI-surgery in which (possibly) the abdomen is contaminated?

 a. Yes b. No

 9. When do you start these antibiotics (in more than 50% of the cases)?
 a. 30-60 minutes prior to surgery 
 b. In operation theatre, just before the patient is under narcosis
 c. In operation theatre, even after the patient is under narcosis
 d. In operation theatre, after incision
 e. Other …*
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 10. Indications for repeating antibiotic prophylaxis are: (multiple choice)
 a. Many bloodloss
 b. Operation > six hours
 c. Spill of bowel contents
 d. Necessity of placement of synthetic material
 e. Other …*

 11. Which preoperative, intravenous antibiotics do you administer? (multiple choice)
 a. Cephalosporin, namely Zinacef (Cefuroxime), 1500 mg
 b. Cephalosporin, namely Zinacef (Cefuroxime), 750 mg
 c. Cephalosporin, namely Kefzol (Cephazolin) 1000 mg
 d. Flagyl (Metronidazole) 500 mg 
 e. Gentamicin 3-4 mg/kg
 f. Other …*

Part three (Mechanical Bowel Preparation)

 12. Do you use mechanical bowel preparation on your surgical ward? (multiple choice)
 a. No 
 b. Yes, in laparoscopic colonic surgery 
 c. Yes, in open left colonic surgery
 d. Yes, in esophageal resections
 e. Yes, in Whipple procedures
 f. Yes, in transanal endoscopic microsurgery (TEM) 
 g. Yes, in other transanal resections
 h. Other …*

 13. Do you administer one or more of the following laxatives? (multiple choice)
 a. Clear fluid diet
 b. Clean prep 2 or 4 litres
 c. Bisacodyl®
 d. Phosphoral® 2x45 ml
 e. Enema
 f. Lactulose
 g. Other …*

 14. When do you start the laxative (excluding enema)?
 a. Day of admission, one day prior to surgery
 b. More than six hours before surgery
 c. Less than six hours before surgery
 d. Other …*

 15.  Indications for laxatives are: (indicate which of the laxatives you use: clear fluid diet, Clean 
prep 2 or 4 litres, Bisacodyl®, Phosphoral® 2x45 ml, enema, or other) (if your hospital does not 
do the mentioned procedure, indicate “not applicable”)*

 a. Esophageal resections
 b. Gastric resections
 c. Liver resections
 d. Pancreatic surgery
 e. Whipple procedure
 f. Short bowel surgery
 g. Open right colonic surgery
 h. Laparoscopic right surgery
 i. Open left colonic surgery (including sigmoid)
 j. Laparoscopic left colonic surgery (including sigmoid)
 k. Open (low) anterior resections
 l. Laparoscopic (low) anterior resections
 m. Transanal endoscopic microsurgery (TEM)
 n. Other transanal resections

* there was space for free text
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Selective Decontamination
Among the responding hospitals, 20 hospitals (31.1%) applied SDD exclusively in their 
ICUs: 2 academic centers (33.3%) and 18 peripheral hospitals (31.0%). Of this group, only 
4 hospitals (6.3%) applied SDD in their surgical ward: 2 academic centers (hospitals B and 
D) and 2 peripheral hospitals (hospitals A and C), of which 1 was a cancer institute (Table 
1). In 3 hospitals, hospitals A, B and C, perioperative SDD consists of amphotericin B, 
polymyxin and tobramycin (Table 2). It is administered orally 4 times daily. The SDD is 
started 1 or 2 days prior to surgery and is continued until there is normal bowel movement. 
Hospital D prescribes colistin, amphotericin B and polymyxin, 4 times daily, starting 1 day 
prior to surgery and continuing until the day of discharge. However, some differences exist 
between the indications of SDD on the surgical wards of these 4 hospitals. In hospital A 
perioperative SDD is applied for all GI procedures with anastomosis, while in hospital C 
perioperative SDD is prescribed for all GI procedures (with or without anastomosis) and 
when the expected duration of postoperative ventilation is more than 3 days. 

Table 1 |  Application of SDD in surgical wards and/or ICU in Dutch academic and peripheral hospitals.

SDD exclusively  
on ICU

SDD on ICU and 
surgical ward

No SDD on ICU 
and surgical ward

Number of Academic Hospitals
N = 6

2 ( 33.3) 2 (33.3) 2 (33.3)

Number of Peripheral Hospitals
N = 58

18 (31.0) 2 (3.4) 38 (65.5)

Total 
N = 64

20 (31.1) 4 (6.3) 40 (62.5)

SDD = selective decontamination. Figures represent number of hospitals (%).

Table 2 |  Four specific Dutch hospitals applying SDD on surgical wards.

Hospital A Hospital B Hospital C Hospital D

Content  
of SDD a

Amfotericin B  
500 mg
Polymyxin B sulfate 
100mg 
Tobramycin  
80mg

Amfotericin B  
500 mg
Polymyxin B sulfate 
100mg
Tobramycin  
80mg

Amfotericin B  
500 mg
Polymyxin B sulfate 
100mg
Tobramycin  
80mg

Amfotericin B  
500 mg
Polymyxin B sulfate 
100 mg
Colistin sulfate  
100 mg

Start of SDD 2 days prior to surgery 2 days prior to surgery 1 day prior to surgery 1 day prior to surgery

Frequence 
of gifts

4 times daily 4 times daily 4 times daily 4 times daily

Number  
of gifts

8 before, 12 or more 
after surgery

8 before, 12 or more 
after surgery 

2 before surgery, 
treatments after 
surgery depending  
on normal bowel 
passage

2 before surgery, 
treatments after 
surgery depending  
on day of discharge

Indications 
for SDD

GI surgery with 
anastomosis

HIPEC b GI surgery 
Expected duration of 
ventilation > 3 days

Liver transplantations

a Content of SDD in a solution of 10cc. b HIPEC = hyperthermic intraperitoneal chemotherapy.
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Hospital B applies SDD primarily in hyperthermic intraperitoneal chemotherapy, while 
hospital D applies SDD exclusively in liver transplantations.

Perioperative Intravenous Antibiotics
All Dutch hospitals prescribe prophylactic intravenous antibiotics in elective GI surgery. Of 
these hospitals, 59.4% apply the AB approximately 30 min before incision and 40.6% 
administer later. The main indications for repeating antibiotics during operation were 
excessive blood loss (50.0%) and long duration of operation (89.1%). Different types of 
antibiotics were used: in most hospitals a cephalosporin and metronidazole are applied 
(81.3 and 76.6%; Table 3).

Mechanical Bowel Preparation
Among all responding hospitals, 58 (90.6%) still use MBP on their surgical wards. All these 
hospitals use MBP selectively. Most important indications for using MBP were open or 
laparoscopic left colonic surgery (including sigmoid resections; 67.2 and 69.0%), open or 
laparoscopic low anterior resection (96.6 and 74.1%) and trans anal procedures including 
trans anal endoscopic resection (75.9%). Sixty-five% of the hospitals replied that the time 
to give MBP was 1 day prior to surgery. Enema and Klean Prep® were the most frequently 
given laxatives (63.8 and 50.0%; Table 4). The questions about specific indications for 
applying MBP were frequently left unanswered. Some extensive procedures, such as 

Table 3 |  Application of perioperative antibiotic prophylaxis.

Responding Hospitals
(n = 64)

Timing of first treatment of antibiotics
30-60 minutes prior to surgery
Prior to anaesthesia
After anaesthesia

38   (59.4) 
17   (26.6)
9     (14.1)

Indications for repeating antibiotics during operation* 
Excessive bloodloss
Long duration of operation

Operation > 6 hours
Operation > 4 hours
Operation > 3 hours

Spill of intestinal contents
Need to place a synthetic prosthesis
Abscess
Missing data

32   (50.0)
57   (89.1)
49   (76.6)
4     (6.3)
4     (6.3)
13   (20.3)
7     (10.9)
2     (3.1) 
2     (3.1)
2     (2.3)

Types of antibiotics*
Cephalosporin

Zinacef 1500mg
Zinacef 750mg
Kefzol 1g

Metronidazole (Flagyl 500mg)
Gentamycine 3-4mg/kg
Other regime
Missing data

52   (81.3)
14   (21.9)
2     (3.1)
36   (56.3)
49   (76.6)
4     (6.3)
10   (15.6)
1     (1.6)

Figures represent number of hospitals (%). *Multiple answers were possible.
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esophagectomies, liver resections and pancreatic surgery including pancreaticoduoden-
ectomies, are not performed in all hospitals, in contrast to open (extended) left-sided 
hemicolectomies. In esophagectomies, gastric resections, liver resections and small bowel 
surgery, the majority of the Dutch surgical units do not apply MBP (Table 5).

Table 4 |  Application of mechanical bowel preparation on surgical wards of 58 Dutch hospitals, all 
using MBP selectively. 

Number of hospitals using MBP
(n = 58)

Indications for using MBP
Laparoscopic left colonic surgery
Laparoscopic right colonic surgery
Open left colonic surgery and sigmoidectomy
Open right colonic surgery
Esophagectomy
Gastric resection
Liver resection
Pancreatic surgery including Whipple
Small bowel surgery
Laparoscopic low anterior resection
Open low anterior resection
Transanal procedures including TEM

40   (69.0) 
20   (34.5)
39   (67.2)
24   (41.4)
4     (6.9) 
14   (24.1)
3     (5.2)
6     (10.3)
13   (22.4)
43   (74.1)
56   (96.6)
44   (75.9)

Timing
One day prior to surgery
> 6 hours prior to surgery
< 6 hours prior to surgery
Other
Unknown

39   (67.2) 
2     (3.4)
7     (12.1)
7     (12.1)
3     (5.2)

Type of laxative*
Clear-fluid diet
Klean Prep 4L/2L
Bisacodyl®
Phosphoral® 2x 45ml 
Enema
Lactulose
Unknown

7     (12.1)
29   (50.0)
5     (8.6)
14   (24.1)
37   (63.8)
2     (3.4)
2     (3.4)

Figures represent number of hospitals (%). MBP = mechanical bowel preparation. TEM = transanal 
endoscopic microsurgery. *Multiple answers  possible.
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DISCUSSION

The aim of the present study was to analyse the current application of SDD, the use of 
preoperative antibiotics and MBP in elective GI surgery in surgical departments in the 
Netherlands. The response rate on the questionnaire was high and a clear overview of the 
current application of the above-mentioned prophylactic bowel remedies can be provided. 
This survey shows that perioperative SDD in elective colorectal surgery is currently applied 
in only 4 (6.3%) of the Dutch surgical wards and in one third of the ICUs. The wards using 
SDD also use it in their ICU. SDD was originally introduced into intensive care medicine as 
an infection prophylaxis regimen to reduce or even eradicate aerobic potentially pathogenic 

Table 5 |  Indications for application of MBP in colorectal surgery at 58 hospitals using MBP selectively.
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Esophagectomy 31 (53.4) 1 (1.7) 1 (1.7) 1 (1.7) 2 (3.4) 0 9 (15.5) 14 (24.1)

Gastric resection 9 (15.5) 9 (15.5) 0 0 6 (10.3) 0 16 (27.6) 19 (32.8)

Liver resection 32 (55.2) 2 (3.4) 0 0 1 (1.7) 0 9 (15.5) 14 (24.1)

Pancreatic surgery 31 (53.4) 1 (1.7) 0 1 (1.7) 2 (3.4) 2 (3.4) 6 (10.3) 15 (25.9)

Whipple 34 (58.6) 1 (1.7) 0 1 (1.7) 2 (3.4) 2 (3.4) 4 (6.9) 14 (24.1)

Small bowel surgery 7 (12.1) 11 (19.0) 0 0 2 (3.4) 0 19 (32.8) 19 (32.8)

Colonic surgery

(Ext) Hemi R  
open

3 (5.2) 8 (13.8) 1 (1.7) 1 (1.7) 11 (19.0) 3 (5.2) 15 (25.9) 16 (27.6)

(Ext) Hemi R 
laparoscopic

9 (15.5) 5 (8.6) 1 (1.7) 1 (1.7) 9 (15.5) 4 (6.9) 14 (24.1) 15 (25.9)

(Ext) Hemi L  
open#

0 5 (8.6) 5 (8.6) 6 (10.3) 20 (34.5) 3 (5.2) 9 (15.5) 10 (17.2)

(Ext) Hemi L 
laparoscopic

6 (10.3) 3 (5.2) 6 (10.3) 6 (10.3) 20 (34.5) 5 (8.6) 4 (6.9) 8 (24.1)

(Low) anterior resection

Open 1 (1.7) 4 (6.9) 17 (29.3) 13 (22.4) 23 (39.7) 3 (5.2) 1 (1.7) 0

Laparoscopic 11 (19.0) 1 (1.7) 13 (22.4) 8 (24.1) 16 (27.6 6 (10.3) 1 (1.7) 3 (5.2)

TEM*** 21 (36.2) 0 3 (5.2) 4 (6.9) 17 (29.3) 2 (3.4) 0 11 (19.0)

Other transanal 
resections

3 (5.2) 1 (1.7) 3 (5.2) 2 (3.4) 34 (58.6) 4 (6.9) 4 (6.9) 7 (12.1)

Figures represent number of hospitals (%). # including sigmoidectomy. *Others = combination of laxatives, flushing 
system, bisacodyl. ** MBP = mechanical bowel preparation. Ext =  extended, Hemi = hemicolectomy. *** TEM 
= transanal endoscopic microsurgery.
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microorganisms from the oropharynx to the rectum while leaving the normal anaerobic 
flora largely undisturbed.
Only one study on the use of perioperative SDD with a combination of polymyxin B sulfate, 
tobramycin and amphotericin B in elective colorectal surgery has been published in full. 
This retrospective study showed that the use of perioperative SDD in elective colorectal 
surgery in addition to standard parenteral prophylaxis significantly decreased infectious 
complications.5 
Dutch guidelines promote the application of perioperative antibiotics within 2 h before 
incision. In particular, it is recommended to give the antibiotics 30 min before incision to 
reach the best concentration in the tissue.  All Dutch hospitals applied perioperative 
intravenous antibiotic prophylaxis in elective GI surgery and conform with guidelines (within 
2 h). However, only 59.4% of the GI surgeons applied antibiotics approximately 30 min 
before incision. In 40.6% the antibiotics were given later, that means less than 30 min 
before incision or after incision. In these patients an optimal level of intravenous antibiotics 
is not likely to be achieved. A long duration of operation and excessive blood loss were 
the most frequent indications for repeating antibiotics during surgery for 50.0 and 89.1% 
of the responding hospitals. Dutch guidelines recommend that short-term, single-dose 
intravenous prophylaxis is as effective as multiple-dose prophylaxis in most procedures. 
Indications for repeating the antibiotic treatment during surgery are an operation of more 
than 3 times the half-life of the applied antibiotic, blood loss of more than 2 litres or the 
use of extracorporeal circulation.2 A Cochrane review claims that for intravenous antibiotics, 
it is accepted that the optimal timing is 1 h before incision, though rigorous determination 
of this time interval is lacking. There is no need for a second intraoperative dose or any 
postoperative doses when the antibiotic is being given for prophylaxis alone. Additional 
dosing may increase the risk of resistant organisms and Clostridium difficile colitis.11 In the 
present study, most hospitals used a cephalosporin and metronidazole. According to the 
Cochrane review, antibiotics to be given should cover both aerobic and anaerobic bacteria. 
If antimicrobial coverage is adequate, the actual type of antibiotic is probably not as 
important as the timing of administration, timing of cessation and route of administration. 
Although in a recently published review prophylactic MBP prior to colorectal surgery has 
not been proven to be valuable for patients, 90.6% of the Dutch hospitals still applied MBP 
in their surgical wards. It has been used mainly in left colonic surgery including sigmoid 
resections, low anterior resections and trans anal procedures including trans anal endoscopic 
microsurgery. The recent literature claims that bowel preparation is not beneficial in elective 
colonic surgery. Although the current literature does not advise using MBP before surgery, 
bowel cleansing should be considered when a surgeon needs to identify pathology or when 
intraoperative colonoscopy might be required. The need for cleansing for laparoscopic 
surgery is a matter of debate. It has been argued that it is easier to perform laparoscopic 
surgery if the bowel contains solid matter in order to be able to use gravity to get a better 
overview. On the other hand, data indicate that bowel preparation is stressful and prolongs 
postoperative ileus.11,12
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CONCLUSION

Perioperative SDD is rarely applied in Dutch surgical wards. Perioperative intravenous 
antibiotic prophylaxis is given in all Dutch hospitals, but only in 59.4% is it administered 
on time (i.e. 30 min before incision) and 40.6% later. Although the recent literature does 
not advise on the use of MBP before surgery, it is still used selectively in 90.6% of the 
Dutch surgical wards, mainly in open or laparoscopic left colonic surgery (including sigmoid 
resections).



C
H

A
P

T
E

R

4

63

SDD, MBP AND AB IN THE NETHERLANDS

REFERENCES

1  Hayashi MS, Wilson SE: Is there a current role for preoperative non-absorbable oral antimicrobial 
agents for prophylaxis of infection after colorectal surgery? Surg Infect 2009; 10: 285–288.

2  Kasteren MEE van, Gyssens IC, Kullberg BJ, Bruining HA, Stobberingh EE, Goris RJA : Optimising 
antibiotics policy in the Netherlands. V. SWAB guidelines for preoperative antibiotic prophylaxis. 
Ned Tijdschr Geneeskd 2000; 144: 2049–2055.

3  Nathens AB, Marshall JC: Selective decontamination of the digestive tract in surgical patients. A 
systematic review of the evidence. Arch Surg 1999; 134: 170–176.

4  Stoutenbeek C: The effect of selective decontamination of the digestive tract on colonization 
and infection rate in multiple traumapatients. Intensive Care Med 1984; 10: 185–192.

5  Roos D, Dijksman LM, Sondermeijer BM, Oudemans-van Straaten HM, Wit LT de,Gerhards 
MF: Perioperative selective decontamination of the digestive tract (SDD) in elective colorectal 
surgery. J. Gastrointest Surg 2009; 13: 1839–1844.

6  D’Amico R, Pifferi S, Leonetti C, Torri V,Tinazzi A, Liberati A: Effectiveness of antibiotic prophylaxis 
in critically ill adult patients: systematic review of randomised controlled trials. BMJ 1998; 316: 
1275–1285.

7  Jonge E de, Schultz M, Spanjaard L, Bossuyt PM, Vroom MB, Dankert J, Kesecioglu J: Effects of 
selective decontamination of the digestive tract on mortality and acquisition of resistant bacteria 
in intensive care: a randomized controlled trial. Lancet 2003; 362:1011–1016.

8  Smet AM de, Hopmans TE, Minderhoud AL, Blok HE, Gossink-Franssen A, Bernards AT, Bonten 
MJ: Decontamination of the digestive tract and oropharynx in intensive care patients. N Engl J 
Med 2009; 360: 20–31.

9  Krueger WA, Lenhart FP, Neeser G, Ruckdeschel G, Schreckhase H, Eissner HJ, Forst H, Eckart 
J, Peter K, Unertl KE: Influence of combined intravenous and topical antibiotic prophylaxis on the 
incidence of infections, organ dysfunctions, and mortality in critically ill patients: a prospective, 
stratified, randomized, double-blind, placebo-controlled clinical trial. Am J Respir Crit Care Med 
2002; 166: 1029–1037.

10  Barends H, Zandstra DF, Voort PHJ van der: Current state of affairs: SDD application in Dutch 
ICUs. Neth J Crit Care 2008; 12: 109–112.

11 Guenaga KK, Matos D, Wille-Jørgensen P: Mechanical bowel preparation for elective colorectal 
surgery. Cochrane Database Syst Rev 2009; 1:CD001544.

12  Lassen K, Soop M, Nygren J, et al: Consensus review of optimal perioperative care in colorectal 
surgery. Arch Surg 2009; 144: 961–969.



Dijksman LM
Roos D
Gerhards MF
Tijssen JG
Gouma DJ
Dijkgraaf MG

CHAPTER 5



Dig Surg. 2012;29(5):384-90

Cost-effectiveness of perioperative  
selective decontamination of the digestive 

tract versus placebo in  
elective gastrointestinal surgery

CHAPTER 5



66

SDD AND COST-EFFECTIVENESS

5

C
H

A
P

T
E

R

ABSTRACT

Objective
We compared the routine use of perioperative selective decontamination of the digestive 
tract (SDD) for elective gastrointestinal surgery with placebo in a randomized controlled 
trial. Alongside this trial, a cost-effectiveness analysis from a provider perspective was 
performed.

Methods
A total of 289 patients undergoing elective surgery of the digestive tract were randomized 
to either SDD (143 patients) or placebo (146 patients). Routine use of SDD led to less 
patients with an infectious complication compared with placebo (p = 0.028). 

Results
Mean total costs per patient were slightly less (EUR 2,604; 95% CI –6,292 to 1,084) in 
patients randomized to SDD (EUR 12,031) compared to patients randomized to placebo 
(EUR 14,635). Costs of hospitalization were the main determinant of the cost difference 
between the groups. The incremental cost-effectiveness ratio per prevented occurrence 
of ≥1 infectious complications per patient was –EUR 23,164, indicating the superiority of 
SDD over placebo.

Conclusions
This study shows that in patients undergoing elective gastrointestinal surgery, the routine 
use of SDD is less expensive and economically more efficient than placebo in reducing 
the number of patients with infectious complications.
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INTRODUCTION

Patients undergoing surgery are often confronted with postoperative infections and 
subsequently protracted hospital  stay. Selective decontamination of the digestive  tract 
(SDD) was first introduced in intensive care medicine  as a gastrointestinal infection 
prophylaxis regimen that did not disturb the normal anaerobic flora.1 Several studies show 
the effect of SDD use in intensive care unit (ICU) patients, with a lower incidence of wound 
infections and pneumonias.2-5 Nowadays, the Dutch Working Group on Antibiotic Policy 
also recommends prophylactic use of perioperative intravenous antibiotics for patients 
undergoing gastrointestinal surgery.6  Several studies showed the beneficial effect of SDD 
over placebo in those patients. 7-9 The study by Schardey et al.9 was one of the first 
randomized, placebo-controlled trials to investigate the effect of SDD in patients with total 
gastrectomy. The randomized trial of Roos et al.10 also showed a lower rate of infectious 
complications in patients randomized to SDD compared with patients with placebo. Little 
is known about the cost-effectiveness of SDD compared with placebo in patients 
undergoing gastrointestinal surgery. We thus performed a cost-effectiveness analysis 
alongside this trial to compare the costs and benefits of SDD versus placebo in patients 
undergoing elective surgery of the digestive tract.

METHODS

Patient Population and Protocol
The methods, baseline characteristics and clinical outcome of the SDD trial have been 
described previously in detail.10  Briefly: we studied 289 patients in a randomized controlled 
trial comparing the effect of SDD in patients undergoing elective surgery versus placebo 
(Figure 1). We included patients scheduled for elective surgery of the digestive tract. All 
patients were randomized to SDD treatment (143 patients) or placebo treatment (146 
patients). SDD consisted of 100 mg polymyxin B sulphate, 80 mg tobramycin and 500 mg 
amphotericin B. Mean age of patients was 64 ± 14 years; 54% were male. Diabetes 
mellitus was present in 14% of patients. Baseline characteristics were well balanced 
between the two randomized groups. Patients randomized to SDD or placebo received 
trial medication 2 days before surgery, 10 ml 4 times a day orally. It was continued for at 
least 3 days after surgery and/or until normal bowel function was achieved (patients had 
normal dietary intake and/or passage of stool). All patients received the same parenteral 
antibiotics perioperatively for 24 h, including 1,500 mg cefuroxime and 500 mg metronidazole 
at 8-hour intervals, starting 30 min before surgery. The event rate was calculated as the 
percentage of patients who suffered at least ≥1 infectious complications such as wound 
infections, pneumonias, urinary tract infections and anastomotic leakage.

Design of Economic Analysis
We performed this cost-effectiveness analysis from a provider perspective and with a 
1-year time horizon alongside the randomized trial comparing SDD against placebo.  
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The primary outcome measure in the economic evaluation was the costs per patient  
without infectious complication(s). Major use of health care resources from randomization 
until 1 year of follow-up was gathered from the study database, which contained information 
from case report forms and from the hospital information system. The left column of Table 
1 shows the counted health care components. All surgery, reoperation and diagnostics 
such as X-ray, echography, CT scans, and laboratory data were taken into account during 
the follow-up. Patients were stratified into upper gastrointestinal surgery (oesophagus 

Figure 1 |  CONSORT diagram for the trial. This study flowchart shows 929 patients eligible for inclusion; 
143 (SDD) and 146 (placebo) were analyzed.
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(cardia) resections and gastrectomies), pancreas and liver surgery (including Whipple 
procedures) and lower gastrointestinal surgery, including all types of colon resections.  
The number of days of all hospitalizations from randomization until 1 year of follow-up was 
recorded, discriminating between days at the ICU and general ward. We recorded all study 
medications, use of physiotherapy and dietician visits. Additional costs were costs for 
consultations from other departments, such as additional electrocardiograms (cardiology), 
thorax drain (intensive care) or bronchoscopy (pulmonology). Outpatient hospital care and 
productivity losses were not taken into account. Unit costs are expressed in euros. With 
a follow-up of 1 year, unit costs were not discounted. All unit costs (Table 1), except unit 
costs of a hospital day and unit costs of a day in the ICU, were calculated from the 2008 
financial ledger of the Onze Lieve Vrouwe Gasthuis, taking into account the average input 
of personnel, use of materials, writing-off of equipment and medication. 

Table 1 |  Mean costs per unit.

Costs Source

Surgery, mean 2,994 hospital ledger

Primary surgery 3,123

Upper GI tract 3,667

Lower GI tract 2,873

Reoperation 1,902

Upper GI tract 1,857

Lower GI tract 1,947

SDD use 8.34 pharmacy

Hospitalization, per day

General ward 435 manual

ICU 2,183 manual

Radiography, per procedure

Ultrasound 37 hospital ledger

CT scan 126 hospital ledger

X-ray 44 hospital ledger

Laboratory tests, mean 2.5 hospital ledger

Pathology, mean 40 hospital ledger

Physiotherapy, per consult 36 hospital ledger

Dietician, per consult 58 hospital ledger

Antibiotics

For UTI, 3 days 0.78 pharmacy

Cefuroxime for pneumonia,7 days 1,500.87 pharmacy

Cefuroxime/metronidazole for leakage, 5 days 204.45 pharmacy

Costs in euros. GI = Gastrointestinal; UTI = urinary tract infection.
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Overhead costs of e.g. depreciation of buildings and equipment, capital costs and 
departmental administration were added in two steps: first, total costs and volumes (counts 
of procedures and hospitalizations) were calculated per patient care-related department, 
and second, costs were attributed to the procedures, pro rata of their contribution to the 
total volume and costs. The unit costs of a single hospital day (coronary care unit or general 
ward) and the unit cost of a day in the ICU were calculated on the basis of the average 
costs of an inpatient hospital day according to the Dutch costing guideline for health care 
research.11  Hospital day unit costs included the costs of physician care, nursing, materials, 
medication, equipment, housing and other overhead costs. Costs were calculated as the 
summed product of volumes and resources used and their respective unit costs. The cost 
analysis was based on used health care resources from randomization to 1 year of follow-
up or death, whichever came first. 

Analysis
All analyses were performed according to the intention to treat principle. Volume and cost 
data were averaged per patient. We calculated the incremental cost-effectiveness ratio for 
SDD versus placebo as the difference in mean total costs divided by treatment effect 
(defined as the difference in the event rates). Because of skewed (costs) distributions, we 
assessed group contrasts by calculating 95% confidence intervals for the mean differences 
following bias-corrected and accelerated nonparametric bootstrapping, drawing 5,000 
samples of the same size as the original sample separately for each group and with 
replacement.12 Sensitivity analyses were performed for different levels of unit costs and 
health care resources that contributed most to the total cost difference between patients 
randomized to SDD or to placebo. Results are graphically presented with the cost-
effectiveness plane.13-16

RESULTS

Patients randomized to SDD generated a total cost of EUR 12,031, patients randomized 
to placebo EUR 14,635 (Table 2). There was no difference in number of surgical procedures 
(primary and reoperation) between the patients randomized to SDD or placebo. Costs were 
therefore equal between groups: EUR 3,427 versus EUR 3,412 respectively. During 
hospitalization (initial and during follow-up) a patient randomized to SDD spent an average 
of 14 days in hospital versus 19 for a patient randomized to placebo. The associated costs 
were EUR 7,709 versus EUR 9,977 respectively. There was only a small difference in 
number of laboratory tests, radiography and pathology between patients with SDD or 
placebo. The costs for diagnostic procedures for patients randomized to SDD were slightly 
less (–EUR 68; 95% CI –EUR 248 to 115). 

Clinical Outcome and Cost Difference
Within 30 days, 28 of 143 patients (19.6%) in the SDD group had ≥1 infectious complications 
compared to 45 of 146 (30.8%) in the placebo group, with a significant treatment effect 
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of 11.2%. There was a small reduction (median 11 vs. 12 days) in hospital stay in the SDD 
group compared to the placebo group, but this was not statistically significant (Table 3).
The incremental cost-effectiveness ratio was –EUR 2,604/0.0112 = –EUR 23,164 per extra 
patient without complication(s). Figure 2 shows the bootstrapping results, relating the cost 
differences between SDD treatment and placebo treatment to the differences in prevented 

Table 2 |  Volumes (mean) and costs (mean) per patient.

Item SDD (n = 143) Placebo (n = 146) Cost differencesa

Volume 
Eur

Costs n Volume 
Eur

Costs n Eur

Surgery

Total cost per patient 3,427 3,412 15 (–441, 471)

Primary surgery 1.0 3,058 1.0 3,186

Upper GI tract 0.34 3,833      48 0.29 3,482      43

Lower GI tract 0.66 2,667      95 0.71 3,062     103

Reoperation 0.10 222 0.13     226

Upper GI tract 0.06 386           8 0.05     304       9

Lower GI tract 0.04 139           6 0.08     193      11

Doses of trial 18.52 147 20.52          0

medicationb

Hospitalizations

Total cost per patient 7,709 9,977 –2,268 (–5,344, 694)

ICU 0.84 1,832 0.95 2,078

General ward 13.51 5,877 18.16 7,899

Investigations

Total cost per patient  533 600 –68 (–248, 115)

Radiography 3.04 167 3.62 259

Pathology 1.83 74 1.93 77

Laboratory tests 109.19 292 115.78  264

Additional costs

Total cost per patient  362 646 –284 (–531, –57)

Physiotherapy or 5.48 210 8.95 403

dietician

Antibiotic use 0.14 25 0.29 44

Consultations of other

department c 6.95 128 5.73 203

Total 12,031 14,635

All volumes are mean volumes (counts of procedures, hospitalizations, and so on) per patient. All costs aremean 
costs per patient. GI = Gastrointestinal; ICU = intensive care unit. a Figures in parentheses are 95% CI. b Trial 
medication started 2 days before surgery (6–8 doses) and continued until at least the third day after surgery  
(9–12 postoperative doses). c Such as cardiology, anesthesiology or pulmonology.
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infectious complications. This Figure shows that the majority of the bootstrapping results 
(91.5%) of this trial lie in the lower right quadrant of the cost-effectiveness plane, i.e. the 
clinically more effective SDD is also cost saving. The other quadrants contain 7.4% (upper 
right: more effective, but more expensive too), 0.6% (lower left: less effective, but also 
cost saving). If the supply of SDD for elective gastrointestinal surgery should not result in 
any increase in budget, then the probability of SDD being cost-effective equals 92.1% 
(91.5% plus 0.6%). On the contrary, if the supply of SDD for this patient population is 
acceptable at any cost as long as it results in increased effectiveness, then the probability 
of SDD being cost-effective equals 98.9% (91.5% plus 7.4%). Hence, the likelihood of 
SDD being cost-effective is very high to almost perfect.

Sensitivity Analysis
We varied the unit cost levels of hospital admissions to assess their impact on the study 
results. With 50% higher unit costs of hospitalization, the total hospital costs of patients 
in the SDD group would have been EUR 15,885 versus EUR 19,623 in the group of patients 
receiving placebo. Increasing the unit costs of hospitalization only further substantiated 
the near superiority of SDD over placebo treatment. If all patients receiving SDD are tested 
for bacteria, the costs for these patients will increase. However, the costs for testing for 
bacteria are fairly small and if all patients randomized to SDD had been tested for bacteria 
while placebo patients had not been tested, then the total costs per patient would have 
been increased by only EUR 30 (based on the OLVG hospital ledger).

Table 3 |  Overview of patients with ≥ 1 endpoints in the SDD trial.

SDD
(n = 143)

Placebo
(n = 146)

Treatment
effect

95% CI p-value

Patients with infectious 
complications, %

19.6 (28) 30.8 (45) 11.2 7.56 to 14.84 0.028

Patients with non-infectious 
complications

14 (20) 15.1 (22) 1.1 -0.1 to 2.3 0.794 

Patients with any 
complication, %

32.9 (47) 45.9 (67) 13.0 9.12 to 16.88 0.024

Patients with ≥1 
relaparotomy a, %

10.5 (15) 13 (19)  2.5 0.7 to 4.3 0.505

Death, % 4.2 (6) 3.4 (5) –0.8 –1.83 to 0.23 0.732

Readmission, % 8.4 (12) 6.2 (9) –2.2 –3.89 to –0.51 0.466

Hospital stay, days b 11 (9–14) 12 (9–18) 1.0 0.055

Some patients had ≥1 complication infectious complications: pneumonia, urinary tract infection, wound infection, 
clostridium infection, anastomotic leakage; noninfectious complications: cardiopulmonary, neurological or 
abdominal. Values in parentheses are number of patients unless indicated otherwise.
a All reinterventions for leakage, bleeding, burst or open abdomen and ileus during (re)admission.
b Values are medians (interquartile range is shown in parentheses).
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DISCUSSION

The study by Roos et al.10 shows that perioperative SDD in elective gastro-intestinal surgery 
reduced the rate of postoperative infectious complications. The present accompanying 
economic analysis demonstrates that the routine use of perioperative SDD reduces the 
total costs by EUR 2,604 per patient, from EUR 14,635 for patients without to EUR 12,031 
with SDD. Costs of hospitalizations were the main determinant of the cost difference 
between the two groups. Little is known about the economic effect of SDD: in 1998, 
Sanchez Garcia et al.17 performed a cost-effectiveness study of SDD in patients admitted 
to the ICU. In that study, SDD was associated with reduced morbidity and lower costs. 
Van der Voort et al.18 showed no effect of SDD and similar costs in ventilated patients in 
the ICU. In liver transplanted patients, SDD showed no benefits and additional costs.19  

These studies show that in high-risk patients (ICU), SDD generates the same or less costs, 
or no benefit (liver-transplanted patients) and higher costs. Due to the heterogeneity of the 
patient groups, it is not possible to compare these results with our patients. However, as 
concerns ICU patients, the conclusion can be drawn that a similar result or an effect does 
not result in additional costs. This cost-effectiveness analysis is the only economic 
evaluation based on a prospective randomized trial comparing perioperative SDD in elective 
gastrointestinal surgery with placebo and demonstrated a near superiority of SDD over 
placebo treatment. We assume that the difference in infectious complications and 
anastomotic leakage will not only result in a difference in costs, but potentially also in a 
difference in duration of hospitalization and time to return to work of the patient.

Figure 2 |  Cost-effectiveness plane showing differences between SDD treatment and placebo after 5,000 
bootstrap replications. The vertical axis shows differences in mean total costs; the horizontal axis shows 
differences in proportions of patients without infectious complications. SDD treatment generated lower 
costs and a higher proportion of patients without infectious complications in 91.5% of all replications.
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This study has several limitations. First, it was performed in a single Dutch medical center, 
and one might argue that the cost determination only applies to this center.
However, the unit costs determining the main cost driver were adapted from a common 
standard for all centers in the Dutch health care system. Second, as argued in the clinical 
article by Roos et al.10, this study showed a lower effect than expected. The expected 50% 
reduction in infections was not achieved. Nevertheless, even with this smaller reduction 
in infections the patients randomized to SDD not only sustained less infectious 
complications, but also generated less costs, resulting in a cost-effectiveness acceptability 
of SDD of ≥92%. Third, we choose a provider perspective for this study, instead of a societal 
perspective. It can be suggested that taking a societal perspective would make a difference. 
However, since the patients randomized to placebo treatment show a larger mean duration 
of hospitalization than that of patients randomized to SDD, it is not to be expected that 
related productivity losses resulting from absence from work will cause the observed cost 
difference to shift in favour of patients randomized to placebo.
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ABSTRACT

Background
Studies on selective decontamination of the digestive tract (SDD) in elective gastrointestinal 
surgery have shown decreased rates of postoperative infection and anastomotic leakage. 
However, the prophylactic use of perioperative SDD in elective gastrointestinal surgery is 
not generally accepted.

Methods
A systematic review of randomized clinical trials (RCTs) was conducted to compare the 
effect of perioperative SDD with systemic antibiotics (SDD group) with systemic antibiotic 
prophylaxis alone (control group), using MEDLINE, Embase and the Cochrane Central 
Register of Controlled Trials. Endpoints included postoperative infection, anastomotic 
leakage, and in-hospital or 30-day mortality.

Results
Eight RCTs published between 1988 and 2011, with a total of 1668 patients (828 in the 
SDD group and 840 in the control group), were included in the meta-analysis. The total 
number of patients with infection (reported in 5 trials) was 77 (19.2%) of 401 in the SDD 
group, compared with 118 (28.2%) of 418 in the control group (odds ratio 0.58, 95% 
confidence interval 0.42 to 0.82; P = 0.002). The incidence of anastomotic leakage was 
significant lower in the SDD group: 19 (3.3%) of 582 patients versus 44 (7.4%) of 595 
patients in the control group (odds ratio 0.42, 0.24 to 0.73; P = 0.002).

Conclusion
This systematic review and meta-analysis suggests that a combination of perioperative 
SDD and perioperative intravenous antibiotics in elective gastrointestinal surgery reduces 
the rate of postoperative infection including anastomotic leakage compared with use of 
intravenous antibiotics alone.
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INTRODUCTION

Gastrointestinal (GI) surgery, and especially colorectal surgery, has been associated with 
a high rate of postoperative infection1, longer subsequent hospital stay and higher costs.2 
The cause of postoperative infection is multimodal.3 There are several risk factors for 
anastomotic leakage, including low preoperative albumin levels, intraoperative blood loss 
and a prolonged operating time (more than 3 h). 4,5 Apart from optimization of the patient’s 
condition and disease-related factors, preoperative parenteral antibiotics are administered 
to decrease the rate of postoperative infections after elective GI surgery. Antibiotic 
administration, 30–60 min before surgery, is standard treatment if contamination during 
surgery is expected. 6 The addition of oral antibiotics that selectively target potentially 
pathogenic Gram-negative microorganisms, yeasts and Staphylococcus aureus, initiated 
before surgery and continued until normal passage of food and/or stool, seems to decrease 
further the incidence of infection. 7 However, the use of selective decontamination of the 
digestive tract (SDD) in elective GI surgery is not generally accepted. In the Netherlands, 
only approximately 6% of surgeons use prophylactic SDD in elective GI surgery. 8

Different oral decontamination protocols are applied. Some consist of a single antibiotic 
and others use combinations of antibiotics; some use antibiotics for only 1 day before 
surgery, whereas others continue antibiotic administration after surgery. Furthermore, 
protocols differ in antimicrobial selectivity. Some of the oral antimicrobials are absorbed 
(such as co-trimoxazole and quinolones), others are not. However, despite absorption, oral 
ciprofloxacin gives a constant drug concentration in faeces and therefore also has a good 
decontaminating effect. 9

The most frequently used SDD protocol consists of a combination of three non-absorbable 
antibiotics (polymyxin E, tobramycin and amphotericin B), which are applied as an oral paste 
and administered orally and via the gastric tube, if present. These drugs are active against 
a broad spectrum of the potentially pathogenic aerobic Gram-negative rods, S. aureus, 
yeasts and fungi, while sparing the less pathogenic anaerobes and Gram-positive flora.
Several meta-analyses have shown that SDD reduces the morbidity and mortality of critically 
ill patients. 10 In surgical patients treated in an intensive care unit (ICU), postoperative SDD 
reduces the duration of mechanical ventilation, ICU and hospital stay, and mortality. 11,12  
No reviews have been published on the use of preoperative SDD in elective GI surgery. 
Therefore, a systematic review and meta-analysis was performed of studies reporting the 
effect of perioperative SDD in elective GI surgery to prevent postoperative infection and 
anastomotic leakage.

METHODS

Search strategy
A systematic literature search was conducted independently by two authors. The checklist 
of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement was used in order to include all items for this review. Because the term ‘selective 
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decontamination of the digestive tract’ had not been introduced in earlier studies, the terms 
non-absorbable antibiotics including single or combined antibiotics, if administered orally, 
were also searched. In the present review, the term ‘SDD’ is used for all oral regimens, 
whereas ‘control’ is used for the group receiving intravenous antibiotics only. The search 
was performed using medical subject headings (MeSH) as well as free text words, such 
as “gastrointestinal diseases/surgery”[MeSH] and “gastrointestinal surgery” combined 
with “decontamination”[MeSH] or SDD.
The searched databases, MeSH and free text words used for the search are shown in 
Appendix S1 (supporting information). All articles identified by the search were assessed 
by title and abstract. The references of retrieved articles were checked to identify other 
relevant trials. Only randomized clinical trials (RCTs) assessing the efficacy of SDD or the 
prevention of postoperative infection, in adult patients undergoing elective GI surgery, 
compared with no oral regimen or placebo, were included.

Inclusion criteria
RCTs that compared the effect of the preoperative use of SDD in addition to intravenous 
antibiotics with intravenous antibiotics alone for the prevention of infections after elective 
GI surgery in adult patients were included in the study. Parenteral antibiotics had to be 
similar in both groups of patients. Postoperative infections were defined as wound 
infections, pneumonia, urinary tract infections, intra-abdominal abscesses and anastomotic 
leakage.

Exclusion criteria
Exclusion criteria were: studies evaluating SDD in emergency surgery; animal studies; 
studies of SDD in children; liver, bone marrow and small bowel transplantation; burns; and 
pancreatitis. Studies on the use of SDD in patients treated in the ICU were also excluded.

Selection of studies
Two reviewers independently assessed studies for eligibility based on titles and abstracts. 
The full text of the potentially relevant studies was obtained and also assessed by the two 
authors. In case of disagreement, the subject was discussed or reviewed by an independent 
researcher until consensus was achieved.

Endpoints
The primary clinical endpoint analysed was 30-day postoperative infections, including 
surgical-site infections (SSIs), urinary tract infections, pneumonia and anastomotic leakage. 
The secondary endpoint was mortality, defined as in-hospital death or death within 30 days 
after surgery.

Methodological quality
The two reviewers independently assessed the methodological quality of the studies 
according to the Jadad score. 13 Disagreements were resolved by consensus. Studies with 
a Jadad score below 3 were not included.
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Data extraction and management
The two reviewers independently extracted data from each outcome for the published 
results of included trials. Baseline characteristics of the study, and number of patients 
randomized and analysed, were retrieved. Study endpoints were extracted as numbers 
(with percentages) or as mean(s.d.) values where appropriate. The numbers of patients 
with complications were also counted. When data were extracted from graphical plots, or 
studies reported the number of complications rather than the number of patients with 
complications, or when numbers of a specific endpoint were not provided in the article, 
an attempt was made to contact the authors to clarify details and/or to request missing 
data on outcome.

Unit of analysis issues
Some studies compared three groups of patients: one group receiving oral therapy alone, 
a second group receiving perioperative systemic antibiotics, and a third group that had 
combined oral and systemic therapy. Data for the group receiving oral therapy alone were 
not included for these studies.

Statistical analysis
Outcomes were analysed as continuous or dichotomous variables, using standard statistical 
techniques available in the Review Manager program RevMan version 5.1 (The Cochrane 
Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark). For continuous outcomes, 
the weighted mean difference and 95% confidence intervals (c.i.) were calculated. For 
dichotomous outcomes, the odds ratio (OR) was calculated with 95% c.i.
Heterogeneity of trial results was tested with the Higgins χ2 test, and the I2 statistic was 
calculated to give an estimate of the degree of heterogeneity. I2 values over 50% indicate 
considerable heterogeneity. 14

RESULTS

The search identified 1660 potentially relevant abstracts. Of these studies, 38 were 
evaluated based on title and abstract. Nineteen studies were excluded after full-text 
examination. Eleven studies with a Jadad score lower than 3 were excluded. A total of 
eight publications were eligible for inclusion in the systematic review, which included a 
total of 1668 participants (Figure 1).

Quality assessment
All studies stated that the treatment allocation was random. Only three of the trials 
described the method and the concealment of randomization. The Jadad score varied 
between 3 and 5. Four studies were reported to be double-blind. 7,15–17 Withdrawals and 
drop-outs were accounted for in all included papers. Of 1668 patients, 828 received 
preoperative SDD with perioperative intravenous antibiotics, and 840 patients received 
perioperative intravenous antibiotics alone, with or without an oral placebo. Two trials 
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compared three groups of patients: only intravenous antibiotics, only oral antibiotics, and 
a combination of intravenous antibiotics. These trials were included in the pooled analysis, 
by including only the data for the two groups providing information with regard to the 
research question. Only four studies mentioned a placebo. This was described as a 
‘placebo solution’15, ‘complementary placebo’17, ‘identical placebo’18 or ‘identical placebo 
with full recipe’. 7 SDD was initiated between 12 and 48 h before surgery and included 
one to eight administrations of antibiotics. Mechanical bowel preparation before surgery 
was used in all patients undergoing colorectal surgery. 7,17–21 Two studies15,16 included 
patients undergoing upper GI surgery (such as oesophagectomies and gastrectomies) and 
did not use mechanical bowel preparation, except when oesophagogastrectomy with 
coloplasty or total gastrectomy with (partial) colectomy was planned. 15 The type of bowel 
preparation varied between studies and consisted of clear liquid diets starting 2 days 

Figure 1 |  PRISMA diagram of selection of articles for systematic review. RCT, randomized clinical trial; 
i.v., intravenous.
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before surgery17,21 polyethylene glycol19,20 or Klean-Prep® (Helsinn, Lugano, Switzerland).7

In some studies, rectal enemas were used. 17,18,21 Characteristics of the studies are 
summarized in Table 1.

Antibiotic therapy
The antibiotic regimens are shown in Table 2. In all trials, systemic antibiotics were given 
at an adequate dose before surgery. The regimen varied, but consisted mostly of a 
cephalosporin, sometimes combined with metronidazole. All trials used, at least, antibiotics 
with Gram-negative coverage. The intravenous antibiotics were continued for 24 h, 7,15,17,21 
or for 2 days19 or 3 days, 20. In two trials, the systemic therapy was given only before surgery 
and at the end of the procedure during closure of the wound. 16,18 In all trials, the systemic 
antibiotics used were the same in both groups of patients.
The oral prophylactic regimen differed between trials. Two oral antibiotics were given before 
surgery in five trials. 17–21 The combination of polymyxin, tobramycin and amphotericin was 
used in the trials of Roos and colleagues7 and Schardey and co-workers. 16 In the study of 
Schardey et al.16 oral vancomycin was added to the SDD, thereby covering methicillin-
resistant S. aureus (MRSA).

Oral decontamination
Preoperative oral decontamination was given by mouth. Only three trials described the use 
of oral decontamination after surgery. 7,15,16 If a patient had a nasogastric tube after surgery, 
the trial medication was given both through the tube and orally in only one trial. 7

Table 1 |  Characteristics of studies included in the meta-analysis.

Reference Year Study 
design

Jadad 
score

No. of 
patients

Type of surgery Mechanical 
bowel 
preparation

Duration of oral 
decontamination 
(days)

SDD 
group

Control 
group Preop. Postop.

Lau et al.21 1988 RCT 3 65 67 Colorectal Yes 1 –*

Stellato et al.17 1990 RCT 4 51 51 Colorectal Yes 1 –*

Schardey et al.16 1997 RCT 5 102 103 Gastrectomy No 1 7

Ishida et al.19 2001 RCT 3 72 71 Colorectal Yes 2 –*

Lewis18 2002 RCT 4 109 106 Colorectal Yes 0.5 –*

Kobayashi et al.20 2007 RCT 3 246 245 Colorectal† Yes 1 –*

Farran et al.15 2008 RCT 5 40 51 Gastrectomy and 
oesophagectomy

No 0.5 5

Roos et al.7 2011 RCT 5 143 146 Upper GI, HPB 
and colorectal

Yes 2 ≥ 3‡

*Postoperative oral decontamination was not applied or not mentioned in the publication. †With occasional 
cholecystectomy. ‡Selective decontamination of the digestive tract (SDD) was continued for at least 3 days after 
surgery or until normal bowel movements/stool and intake were achieved. RCT, randomized clinical trial; GI, 
gastrointestinal; HPB, hepatopancreaticobiliary.
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Primary outcome
The data are summarized in Table 3. Infectious complications were reported in five studies; 
infections occurred in 77 (19.2%) of 401 patients in the SDD group versus 118 (28.2%) of 
418 patients in the control group. 7,15–17,21 Wound infections were found in 35 (5.1%) of 686 
patients in the SDD group versus 74 (10.8%) of 686 patients in the control group, with 
missing data in two trials. Anastomotic leakage was found in 19 (3.3%) of 582 patients in 
the SDD group versus 44 (7.4%) of 595 in the control group. SSIs were described in only 
three trials, with18,19 or without13 anastomotic leakage. Two studies supplied exact data for 
all types of infectious complication. 18,19 Incomplete data on outcome were found in six of 
the eight trials. Missing data were obtained in only one instance. 15

Meta-analysis
Meta-analysis of the RCTs showed a significant difference in postoperative infections in 
favour of the SDD group (OR 0.58, 95% c.i. 0.42 to 0.82; P = 0.002). The incidence of 
anastomotic leakage was significant lower in the SDD group (OR 0.42, 0.24 to 0.73; P = 
0.002). The risk of wound infection (OR 0.44, 0.29 to 0.67; P < 0.001) and pneumonia (OR 

Table 2 |  Oral and systemic antibiotic regimens in the included studies.

Reference Oral antibiotics Oral doses before 
surgery

Systemic antibiotics Duration of systemic 
antibiotics after 
surgery

Lau  
et al.21

Neomycin 1 g + 
erythromycin 1 g

3 daily doses 1 day 
before surgery

Metronidazole 500 mg + 
gentamicin 2 mg/kg *

3 doses in 24 h

Stellato  
et al.17

Neomycin 1 g + 
erythromycin 1 g

3 daily doses 1 day 
before surgery

Cefoxitin 2 g * 3 doses in 24 h

Schardey  
et al.16

Polymyxin B 100 mg + 
tobramycin 80 mg + 
amphotericin  
B 500 mg + 
vancomycin 125 mg

4 daily doses, 20 ml,  
1 day before surgery

Cefotaxime,  
2 ‘infusions’*

2 doses before and 
during closure

Ishida  
et al.19

Kanamycin 500 mg + 
erythromycin 400 mg

4 daily doses, started 
2 days before surgery

Cefotiam 1 g * 2 daily doses, for 48 
h

Lewis 
et al.18 

Neomycin 1 g + 
metronidazole 1 g

2 daily doses, evening 
before surgery

Amikacin 1 g + 
metronidazole 1 g *

No antibiotics after 
surgery

Kobayashi 
et al.20

Kanamycin 1 g + 
erythromycin 400 mg

3 daily doses, 1 day 
before surgery

Cefmetazole 1 g * 2 daily doses, 72 h

Farran 
et al.15

Erythromycin  
500 mg + gentamicin 
80 mg + nystatin 
sulphate 100 mg

4 daily doses, 20 ml,  
1 day before surgery

Amoxicilin 2 g + 
clavulanic acid 200 mg 
*

According to hospital 
guidelines

Roos 
et al.7

Polymyxin B sulphate 
100 mg + tobramycin 
80 mg + amphotericin 
B 500 mg

4 daily doses, 10 ml, 
started 2 days before 
surgery

Cefuroxime 1500 mg + 
metronidazole 500 mg *

3 doses in 24 h

*Both groups (oral and systemic antibiotic versus systemic antibiotics alone)  received the same systemic 
antibiotics.
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0.52, 0.30 to 0.89; P = 0.018) was also decreased in the SDD group, although only three 
RCTs7,15,16 provided data on pneumonia (Figure 2). The incidence of urinary tract infection did 
not differ between the treatment groups (OR 0.51, 0.23 to 1.13; P = 0.099), but data were 
provided in only two trials. 7,16 Four of the eight studies presented data on mortality. 7,15–17 
Meta-analysis showed that the mortality rate (in-hospital death or death within 30 days after 
surgery) did not differ between the treatment groups (OR 0.64, 0.32 to 1.29; P = 0.215).
Separate analysis of subgroups for upper and lower GI surgery was performed. For overall 
infectious complications, a meta-analysis of 387 patients having upper GI surgery and 432 
having lower GI surgery was conducted. SDD reduced infectious complications in both 
subgroups (OR 0.59, 0.38 to 0.91 and OR 0.55, 0.32 to 0.95; P = 0.862) (Figure 3). For 
anastomotic leakage, 387 patients having upper GI surgery and 790 having lower GI surgery 
were analysed. SDD reduced the risk of anastomotic leakage in both subgroups, with no 
difference in effect between upper and lower GI surgery: OR 0.36 (0.16 to 0.79) versus 
0.45 (0.20 to 1.01) (P = 0.699) (Figure 4). Subgroup analysis of other endpoints could not 
be performed owing to low numbers of patients.

Table 3 |  Postoperative infectious complications in patients receiving oral and intravenous antibiotics (selective 
decontamination group) versus intravenous antibiotics alone (control group).

No. of patients (SDD versus control)

Reference SDD 
group

Control 
group

Postop. 
infectious 
complica-
tions

Wound 
infection

Abscess Pneumonia Urinary 
tract 
infection

Anastomotic 
leakage

Lau  
et al.21

65 67 8 vs 8 3 vs 5 2 vs 2 n.r. n.r. 1 vs 2

Stellato  
et al.17

51 51 4 vs 6 3 vs 2 1 vs 5 n.r. n.r. 1 vs 3

Schardey  
et al.16

102 103 31 vs 46 n.r. 5 vs 4 9 vs 23 7 vs 8 3 vs 11

Ishida  
et al.19

72 71 n.r. 8 vs 17 n.r. n.r. n.r. 1 vs 2

Lewis 
et al.18

109 106 n.r. 5 vs 17 1 vs 2 n.r. n.r. 3 vs 1

Kobayashi  
et al.20

246 245 n.r. 6 vs 14 11 vs 12 n.r. n.r. n.r.

Farran  
et al.15

40 51 6 vs 13 n.r. n.r. 5 vs 10 n.r. 1 vs 3

Roos  
et al.7

143 146 28 vs 45 10 vs 19 n.r.* 8 vs 9 3 vs 11 9 vs 22*

Some patients had more than one complication. *All intra-abdominal abscesses in this study were caused by 
anastomotic leakage, and reported in that column. n.r., Not reported.
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Figure 2 |  Forest plot of all postoperative infectious complications, anastomotic leakage, wound infections 
and pneumonia in patients having selective decontamination of the digestive tract with oral antibiotics plus 
intravenous antibiotics (SDD group) versus those receiving intravenous antibiotics alone (control group).  
A fixed-effect Mantel–Haenszel model was used for meta-analysis. Odds ratios are shown with 95% 
confidence intervals.
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Figure 3 |  Forest plot of postoperative infectious complications following upper and lower gastrointestinal 
(GI) surgery in patients having selective decontamination of the digestive tract with oral antibiotics plus 
intravenous antibiotics (SDD group) versus those receiving intravenous antibiotics alone (control group). 
A fixed-effect Mantel–Haenszel model was used for meta-analysis. Odds ratios are shown with 95% 
confidence intervals.
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DISCUSSION

The present meta-analysis shows that the perioperative use of SDD in addition to standard 
intravenous antibiotics decreases postoperative infections and anastomotic leakage. 
Mortality was not reduced. However, the number of studies reporting mortality was low.
The full regimen of SDD, topical polymyxin, tobramycin and amphotericin, eradicates the 
colonization and overgrowth of potentially pathogenic Gram-negative microorganisms, S. 
aureus and yeasts from oral cavity to rectum and prevents the translocation of endotoxin, 
microorganisms and subsequent infections. The addition of vancomycin additionally protects 
against MRSA, but is not advocated for standard SDD, because Gram-positive flora plays 
an important role in the resistance to colonization. 22 Other regimens have a smaller Gram-
negative spectrum and do not cover yeasts. Yeasts, especially Candida species, may account 
for about 20% of abdominal pathogens, especially after upper GI surgery. 23

Figure 4 |  Forest plot of anastomotic leakage following upper and lower gastrointestinal (GI) surgery 
in patients having selective decontamination of the digestive tract with oral antibiotics plus intravenous 
antibiotics (SDD group) versus those receiving intravenous antibiotics alone (control group). A fixed-effect 
Mantel–Haenszel model was used for meta-analysis. Odds ratios are shown with 95% confidence intervals.
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In addition to a reduction in organ-site infections, perioperative SDD appears to diminish 
the risk of anastomotic leakage. Next to poor surgical technique and impaired blood supply 
to the intestinal anastomosis, bacteria play a major role in the pathogenesis of anastomotic 
insufficiency. They may cause local inflammation at the anastomosis, with intramural 
abscess formation and anastomotic dehiscence. 24 Preoperative SDD may also reduce 
perioperative endotoxaemia, caused by the permeation of bacterial compounds through a 
diminished gut–blood barrier with a reduced systemic inflammatory response. 23 However, 
perioperative endotoxaemia has been studied mostly during cardiac surgery and may be 
less prevalent during GI surgery, although it is sometimes reported. 25 Systemic side-effects 
of SDD are few, because the antibiotics are administered orally and do not enter the 
bloodstream with most of the regimens used. Despite fear of resistance, long-term use 
of SDD in patients treated in the ICU is not associated with an increased acquisition of 
resistant bacterial flora. 26–28 The reason for this may be that resistance occurs under 
conditions of a high concentration of microbes but a low antibiotic concentration, as in the 
gut when using intravenous antibiotics alone. Eradication of Gram-negative species with 
SDD decreases the risk of antibiotic resistance. However, careful microbial surveillance 
remains crucial.
The present review excluded the methodologically less strong trials and thus provides a 
high quality of evidence. Furthermore, all trials used the same systemic antibiotic(s) in the 
SDD and control groups of patients, making the groups comparable. Heterogeneity of the 
included studies was low. However, five of the eight analysed trials included (exclusively) 
patients having colorectal surgery, 7,17–19,21 with only three studies7,15,16 reporting on upper 
GI surgery, making the evidence for SDD in this subgroup of patients less robust.
This review has several limitations. First, observer bias could have influenced the results 
in the studies without blinding. 19–21 Second, there is concern regarding publication bias, 
because not all studies reported all infectious complications, nor mortality. Third, the 
definition of SSI was described in seven studies, 7,16,17,19–21 but the definition of pneumonia 
and anastomotic leakage were described only in three. 7,15,16 Fourth, one study7 accounted 
for half of all anastomotic leakages and also had the highest leakage rate (31 of 289, 10.7%). 
The literature reports leakage in up to 10% of patients. 29 The largest study20 did not 
specifically report anastomotic leakage, and an attempt to obtain data on anastomotic 
leakage from the authors failed. Therefore, to confirm the present results, anastomotic 
leakage should be an endpoint in future trials.
The majority of the studies in the present meta-analysis were conducted before 2007 and 
did not include enhanced recovery after surgery (ERAS) protocols. Implementation of ERAS 
protocols reduces hospital stay and appears to reduce the incidence of postoperative 
infection.30 A Cochrane analysis showed a reduction in length of stay and overall 
complications, whereas major complications were not reduced. 31 Hospital stay was not 
an endpoint of the present review and meta-analysis, but could be of interest to study in 
the future, especially in the context of an ERAS protocol. The authors postulate, however, 
that preoperative SDD may reduce postoperative infections and anastomotic leakage 
further, because the full regimen of SDD specifically eradicates GI colonization with Gram-
negative bacteria and yeast, which foreshadows postoperative infection. In the included 
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studies different types of antibiotic with different antimicrobial coverage and duration of 
treatment were used. However, all studies applied oral antibiotics with Gram-negative 
coverage, although only one trial7 assessed the degree of preoperative decontamination 
by taking rectal cultures in the operating room before surgery. This trial showed that SDD 
needs to be administered in a sufficient dosage and for at least 48–72 h before surgery to 
achieve effective decontamination of the intestinal tract.
The present meta-analysis shows that the administration of perioperative SDD in elective 
GI surgery decreased postoperative infectious complication and anastomotic leakage rates 
for upper GI and colorectal surgery. Future trials are needed to confirm whether SDD has 
additive positive effects in addition to an ERAS protocol.
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SUPPLEMENTARY MATERIAL 

Appendix S1

Search Strategy
MEDLINE (Jan 1980 until September 2012), the Cochrane Central Register of Controlled 
Trials (CENTRAL), and EMBASE were searched. The literature search was not restricted 
by language or year of publication. The following medical subject headings (MeSH) and 
free text words were used: ((“gastrointestinal diseases/surgery”[Mesh] OR gastrointestinal 
surgery OR gastro intestinal surgery OR “digestive system surgical procedures”[Mesh] 
OR (“gastrointestinal tract”[Mesh] AND (“surgical procedures, operative”[MeSH Terms] 
OR “general surgery”[Mesh]) OR (surgery AND (esophagus OR esophagectomy OR 
esophageal OR gastrectomy OR stomach OR liver OR pancreatitis OR pancreatectomy 
OR colectomy OR colon OR rectal)))) AND (“decontamination”[Mesh] OR SDD OR 
decontaminat*[tiab] OR ((“anti-bacterial agents”[Mesh] OR antibiotic*) AND (prophylactic 
OR prophylaxis OR preventive OR oral OR parenteral OR preoperative OR nonabsorbable 
OR “non absorbable”))) AND (trial OR random* OR comparative OR “systematic review” 
OR meta-analysis OR vs[ti] OR versus[ti])) NOT (“animals”[Mesh] NOT “humans”[Mesh]).
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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.



108

SDD AND MICROBIOLOGY

7

C
H

A
P

T
E

R

REFERENCE LIST

1 Nelson RL, Glenny AM, Song F. Antimicrobial prophylaxis for colorectal surgery. Cochrane Database 
Syst Rev 2009;(1):CD001181.

2 van Kasteren ME, Gyssens IC, Kullberg BJ, Bruining HA, Stobberingh EE, Goris RJ. [Optimizing 
antibiotics policy in the Netherlands. V. SWAB guidelines for perioperative antibiotic prophylaxis. 
Foundation Antibiotics Policy Team]. Ned Tijdschr Geneeskd 2000; 144(43):2049-2055.

3 Leonard EM, van Saene HK, Shears P, Walker J, Tam PK. Pathogenesis of colonization and infection 
in a neonatal surgical unit. Crit Care Med 1990; 18(3):264-269.

4 van Saene HK, Petros AJ, Ramsay G, Baxby D. All great truths are iconoclastic: selective 
decontamination of the digestive tract moves from heresy to level 1 truth. Intensive Care Med 2003; 
29(5):677-690.

5 Martinez-Pellus AE, Merino P, Bru M, Canovas J, Seller G, Sapina J et al. Endogenous endotoxemia 
of intestinal origin during cardiopulmonary bypass. Role of type of flow and protective effect of 
selective digestive decontamination. Intensive Care Med 1997; 23(12):1251-1257.

6 Silvestri L, de la Cal MA, van Saene HK. Selective decontamination of the digestive tract: the 
mechanism of action is control of gut overgrowth. Intensive Care Med 2012; 38(11):1738-1750. 

7 Zandstra D., van Saene H.K. Chris Stoutenbeek and selective decontamination. Intensive Care Med 
(2007) 33:207-208

8 Tetteroo GW, Wagenvoort JH, Bruining HA. Role of selective decontamination in surgery. Br J Surg 
1992; 79(4):300-304.

9 Roos D, Dijksman LM, Oudemans-van Straaten HM, de Wit LT, Gouma DJ, Gerhards MF. Randomized 
clinical trial of perioperative selective decontamination of the digestive tract versus placebo in elective 
gastrointestinal surgery. Br J Surg 2011; 98(10):1365-1372.

10 Rommes JH, Rios G, Zandstra DF. Therapy of infection. Current Anaesthesia and Critical Care 2001; 
(1):25-33

11 Kerver AJ, Rommes JH, Mevissen-Verhage EA, Hulstaert PF, Vos A, Verhoef J et al. Prevention 
of colonization and infection in critically ill patients: a prospective randomized study. Crit Care 
Med 1988; 16(11):1087-1093.

12 Sanchez GM, Cambronero Galache JA, Lopez DJ, Cerda CE, Rubio BJ, Gomez Aguinaga MA 
et al. Effectiveness and cost of selective decontamination of the digestive tract in critically 
ill intubated patients. A randomized, double-blind, placebo-controlled, multicenter trial. Am J 
Respir Crit Care Med 1998; 158(3):908-916.

13 Stoutenbeek CP, van Saene HK, Miranda DR, Zandstra DF. The effect of selective decontamination of 
the digestive tract on colonisation and infection rate in multiple trauma patients. Intensive Care Med 
1984; 10(4):185-192.

14 Silvestri L, Zandstra DF, Petros AJ, Taylor N, van Saene HKF. Gravity may be the law, but it does not 
impact critical illness related carriage in overgrowth. 2012 Minerva Anesthesiol 78: 507-510

15 Martinez-Pellus AE, Ruiz J, Garcia J, San Miguel MT, Seller G, Bru M et al. Role of selective 
digestive decontamination (SDD) in the prevention of nosocomial pneumonia (NP): is gastric 
decontamination necessary? Intensive Care Med 1992; 18(4):218-221.

16 Saunders GL, Hammond JM, Potgieter PD, Plumb HA, Forder AA. Microbiological surveillance during 
selective decontamination of the digestive tract (SDD). J Antimicrob Chemother 1994; 34(4):529-544.

17 van Uffelen R, van Saene HK, Fidler V, Lowenberg A. Oropharyngeal flora as a source of bacteria 
colonizing the lower airways in patients on artificial ventilation. Intensive Care Med 1984; 10(5):233-
237.

18 de Jonge E, Schultz MJ, Spanjaard L, Bossuyt PM, Vroom MB, Dankert J, Kesecioglu J Effects 
of selective decontamination of digestive tract on mortality and acquisition of resistant bacteria in 
intensive care: a randomised controlled trial. Lancet. 2003 Sep 27;362(9389):1011-6.

19 de Smet AM, Kluytmans JA, Blok HE, Mascini EM, Benus RF, Bernards AT, Kuijper EJ, Leverstein-van 
Hall MA, Jansz AR, de Jongh BM, van Asselt GJ, Frenay IH, Thijsen SF, Conijn SN, Kaan JA, Arends 
JP, Sturm PD, Bootsma MC, Bonten MJ. Selective digestive tract decontamination and selective 
oropharyngeal decontamination and antibiotic resistance in patients in intensive-care units: an open-
label, clustered group-randomised, crossover study. Lancet Infect Dis. 2011 May;11(5):372-80. 



109



CHAPTER 8



Summary, conclusions and  
future perspectives

CHAPTER 8



112

SUMMARY, CONCLUSIONS AND FUTURE PERSPECTIVES

8

C
H

A
P

T
E

R

SUMMARY

The aim of this thesis was to evaluate the role of Selective decontamination of the digestive 
tract (SDD) in elective gastro-intestinal (GI) surgery on postoperative infectious 
complications. Mortality, hospital stay and cost-effectiveness were also analysed.  This 
thesis also will provide an overview of the clinical applicability of SDD in elective GI surgery.

SDD was introduced in 1983 in Intensive care medicine as a new technique for infection 
prevention and has shown to decrease morbidity and mortality significantly in this group 
of patients.1,2 As one of the founders of the concept of SDD, Stoutenbeek also advised  
the use of SDD in patients undergoing surgery3, because postoperative infectious 
complications after elective gastrointestinal surgery remained high, up to 28% after 
colorectal surgery, in spite of optimal perioperative care and the use of systemic 
antibiotics.4-6 The most common infections, are nosocomial infections and occur after 48 
hours after admission to the hospital. They are mostly caused by Gram-negative bacteria 
from the patients digestive tract. To decrease the incidence of these infections, perioperative 
SDD was  introduced on the surgical ward of the OLVG in 1999, in patients who underwent 
colorectal surgery. 
Chapter 2 describes the results of a retrospective analysis of prospectively collected data 
of 162 patients who were admitted to the surgical ward for elective colorectal surgery in 
a three year period. Of these patients, 76 (47%) received SDD (polymyxine B sulphate 
100mg, tobramycine 80mg and amphotericine B 500mg (PTA)) 4 times daily, which was 
preferably started 1 to 2 days before surgery. The control group consisted of 86 (53%) 
patients who were not treated with SDD. Both groups received identical systemic antibiotics 
peri-operatively. In the SDD group, more patients underwent a (low) anterior resection. 
The SDD was started before surgery and continued for at least 3 days after surgery in 47 
(62%) patients. There were 6 patients (7.9%) with infectious complications (mainly urinary 
tract infections and pneumoniae) in the SDD group compared with 17 patients (19.8%) in 
the control group (p= 0.031). Infectious complications and anastomotic leakage together 
were evaluated as “the combined primary endpoint”. The incidence of the combined 
endpoint was 8 (11%) in the SDD group versus  22 (26%) in the control group (p = 0.014). 
There was no difference in mortality or hospital stay. Multivariate analysis showed that 
no-SDD, age above 60 years and diabetes were independent predictors of postoperative 
complications. 

Because the SDD in this retrospective study was given randomly, according to the surgeon’s 
prevalence, the results of this study might have been influenced by bias. Therefore  in 
2003 a randomized, double blinded, placebo controlled trial was a initiated, to further 
evaluated the  previous results. In chapter 3, 289 patients were randomized and analysed, 
undergoing elective gastrointestinal surgery in a 5-year period, including upper and lower 
GI procedures. To correct for an expected difference in number of upper and lower GI 
surgery, patients were classified into 4 groups; Group A included patients undergoing 
esophageal and gastric surgery, group B Hepato-Pancreato-Biliary (HPB) surgery, group C 
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colectomies, and group D rectal resections. Most patients however underwent colorectal 
surgery. Patients were randomized between SDD and placebo, which was given 4 times 
daily, 1 to 2 days before surgery and continued until normal bowel movements were 
achieved or at least for 3 days after surgery. All patients received systemic antibiotics 
perioperatively. To determine if patients had an infection before surgery, a preoperative 
culture of sputum and urine was collected at the outpatients clinic. On the operating room, 
a rectal culture was taken to determine if decontamination had occurred. 
Optimal trial medication was administered in 82 (57.3%) patients in the SDD group and 
87 (59.6%) in the placebo group, with a median of 19 doses in the SDD group and 20 
doses in the placebo group. In the SDD group a significantly lower rate of postoperative 
infectious complications was found; 28 (19.6%) in the SDD group, versus 45 (30.8%) 
in the placebo group (p = 0.03). The incidence of anastomotic leakage was significantly 
lower in the SDD group than in the placebo group, 9 (6.3%) versus 22 (15.1%) 
respectively. There was no significant difference in hospital stay or mortality. Among 
the patients with anastomotic leakage, age was higher (71 versus 59) but hospital stay 
was shorter (21 versus 33 days) in the SDD group compared to placebo. This RCT 
showed a relative risk reduction in postoperative infectious complications of 36% and 
a NNT of 9. Also a 58% relative reduction of anastomotic leakage was found. Based on 
these findings, we advised to consider perioperative SDD for patients undergoing GI 
surgery, starting 3 days before surgery and continue SDD until normal bowel movements 
are achieved.  

Although the effect of SDD on morbidity and mortality in ICU patients seems to be clear, 
only 30% of all Dutch ICU’s currently use it.7 We suspected that the use of SDD on the 
surgical ward would even be less adopted. In chapter 4 a point prevalence study was 
conducted to investigate the use of SDD, perioperative antibiotics and mechanical bowel 
preparation (MBP) in elective GI surgery in the Netherlands. An online questionnaire was 
sent to GI surgeons of 86 (8 academic and 78 peripheral) hospitals. The response rate was 
74%; 6 academic centres and 58 peripheral hospitals were included. Twenty hospitals 
(31.1%) applied SDD exclusively in their ICU’s. Only 4/64 (6.3%) hospitals applied SDD on 
the surgical ward. There was a difference in indication of SDD between these hospitals; 
2 hospitals prescribed SDD in GI surgery, one primarily in hyperthermic intraperitoneal 
chemotherapy (HIPEC) procedures and one exclusively in liver transplantations. Systemic 
antibiotics during GI surgery were administered in all Dutch hospitals, although only 59.4% 
applied the AB approximately 30 minutes before surgery according to Dutch guidelines. In 
81.3% a cephalosporin was used, in 76.6% it was combined with metronidazole. Strikingly, 
90.6% still used MBP before surgery, mainly for left sided (open or laparoscopic) colorectal 
surgery and transanal endoscopic microsurgery (TEM). For upper GI surgery, no MBP was 
given. In conclusion, perioperative SDD in elective GI surgery is seldom applied on Dutch 
surgical wards and only subscribed when the hospital ICU used it too. Perioperative 
antibiotics are administered to late in 40.6% and MBP is still used in left-sided colorectal 
surgery in almost all Dutch surgical wards. 
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With the current economic crisis, reduction in healthcare costs are more important than 
ever.  The cost-effectiveness of SDD on the ICU has been described in literature and 
showed lower costs in patients who received SDD. 8,9  In chapter 5 the population from 
our RCT was used to calculate the incremental cost-effectiveness ratio for SDD versus 
placebo as the difference in mean total costs (in euro) divided by treatment effect. The aim 
of this study was to objectivy the costs in patients who were admitted to the surgical ward 
and sceduled for elective GI surgery. Furthermore this study also analysed if the reduction 
in postoperative infectious complications from our previous RCT lead to lower costs. All 
surgical procedures, re-interventions (i.e. relaparoscopy/laparotomy or radiological 
interventions) and laboratory data were summarized during one year of follow up. Also 
costs from consultation of an other specialist, including the use of diagnostics, were 
recorded. SDD reduced the costs by EUR 2,604 per patient, resulting in a costeffectiveness 
acceptability of SDD of  ≥92%. This was mainly due to reduction of the costs of 
hospitalization. 

As mentioned before, the use of SDD in the ICU is extensively evaluated and reported in 
literature, but not many RCT’s have been conducted on the use of SDD in elective GI 
surgery. Also, the administration of perioperative SDD is not widespread accepted in GI 
surgery. In chapter 6 a systematic review of the literature and meta-analysis was presented 
which compared the effect of perioperative SDD in elective GI surgery with systemic 
antibiotics to systemic antibiotic prophylaxis alone. The primary outcome was infectious 
complications and anastomotic leakage. Secondary outcome was hospital stay and 
mortality. Medline, Embase and the Cochrane Central register of Controlled trials were 
used, and identified 1660 potentially relevant articles of which 38 studies were retrieved 
for more detailed evaluation. Eight studies with a Jadad score > 3 were eligible for inclusion 
in the systematic review, including a total of 1668 participants. Most of the RCTs were 
conducted and published before 2007 and therfore ERAS protocols were not yet included 
in these trials. Of 1668 patients, 828 received preoperative SDD with perioperative 
intravenous antibiotics, while 840 patients only received perioperative intravenous 
antibiotics with or without an oral placebo. All systemic antibiotics had a Gram-negative 
coverage. Only three trials described the continuation of oral decontamination after surgery.  
Infectious complications were reported in 5 studies: 77(9%) patients with SDD versus 118 
(14%) patients in the control group (p = 0.002). Wound infections were described in 6 trials 
with a decrease in the SDD group (4.2% versus 8.8%). Anastomotic leakage was less in 
the SDD group (2.3% versus 5.2%) (p = 0.002). 
Separate analysis of the subgroups “upper” and “lower” GI surgery was conducted and 
showed that SDD reduced infectious complications in both subgroups without difference 
in effect. Hospital stay did not differ between groups ( p =0.19) but was only mentioned 
in two trials. Mortality rates, described in three trials, were not significantly different 
between groups ( p = 0.27). We concluded that the use of perioperative SDD decreased 
infectious complications after elective upper and lower GI surgery. Future trials are needed 
to analyse a potential effect of perioperative SDD on mortality and hospital stay and to 
evaluate the effect of SDD next to the introduction of the enhancement recovery protocols. 
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The aim of our study described in chapter 7 was to analyse the results of cultures taken 
during our RCT and determine their correlation with cultures taken of postoperative 
infections. As mentioned earlier 289 patients undergoing elective gastrointestinal surgery, 
were randomly assigned to receive SDD or placebo (143 versus 146 patients respectively). 
In the outpatient clinic preoperative diagnostic samples of sputum and urine were collected, 
to determine preoperative infections. All patients received systemic antibiotics during 
surgery. On the operating room, rectal swabs were taken to objectify the state of 
decontamination. Adequate decontamination was defined as absence of growth of Gram-
negative bacteria and yeasts. If a postoperative infectious complication was suspected, a 
culture was taken from wound, blood, urine or sputum or from the abdominal cavity during 
surgery. Patients were treated for infections according to hospital protocol. 
Preoperative urinary cultures were taken in 244 (84%) patients. In 9% there was a urinary 
tract infection present (14 in the SDD group versus 9 in the placebogroup). Of all patients 
with sputum cultures, 90% showed no growth. 
Per-operative rectal cultures were obtained in 198 patients, 99/143 (69%) in the SDD group 
and 99/146 (67%) in the placebo group. In the SDD group, 64/99 (65%) was adequately 
decontaminated. Of these patients, 51 did not develop infectious complications (79.7%). 
In 50% of the cases, the bacteria found in diagnostic cultures were similar to those found 
in the peroperative rectal cultures. SDD reduced peroperative carriage of Gram-negative 
bacteria and yeasts,  which resulted in no Gram-negative infections in the successfully 
decontaminated group of patients. One third of the patients was not adequate 
decontaminated, therefore optimization of preoperative SDD is required. 

CONCLUSION

Perioperative SDD with perioperative systemic antibiotics reduces postoperative infectious 
complications and anastomotic leakage in elective gastrointestinal surgery, compared with 
systemic antibiotics alone. The administration of SDD is uncommon in the Netherlands and 
only used for GI surgery if the ICU of those hospital advocates SDD too. SDD needs to be 
administered in adequate doses over a sufficient period of time to achieve adequate 
decontamination, that means a reduction in peroperative carriage of Gram-negative bacteria 
and yeasts, which results in less Gram-negative postoperative infections. In practice this 
means that SDD needs to be started 3 days before elective surgery (which can be done at 
home)  and continued until normal bowel movements have been achieved and/or normal 
intake is guaranteed. The bad taste of SDD needs to be explained by the attending surgeon. 
SDD can simply be prepared in every hospital pharmacy and lowers total costs. 
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Today, the influence of intestinal microbiota on the health  system is becoming more and 
more acknowledged.10  It is becoming increasingly evident that the complex bacterial 
population of the digestive tract forms an ecosystem that plays an important role in different 
diseases. Age, diet and health status of the host affect the composition of microbiota  and 
several diseases are associated with changes in the composition of gut microbiota (‘the 
intestinal microbiome’), including metabolic diseases, inflammatory bowel diseases and 
obesity and diabetes.11-13  The composition of bacteria, involve the immune system as well 
as the colonic mucin structure. Of course, it is not yet clear if the changed composition of 
flora are a cause of a consequence of a disease.14 
Microbiota (e.g. Bacteroides) that produce carcinogenic metabolites, are associated with 
colorectal carcinogenesis 15  and upper GI diseases, including benign upper GI diseases 
and gastric cancer.16  On the other hand, Fecal microbiota transplantation (FMT) can be 
used as a therapy for recurrent Clostridium difficile infection (CDI).17,18  
The amount of microorganisms in the intestine outreach the number of cells in the human 
body. Gene sequencing techniques are able to identify the genoma in microbiota.19-21 
Maybe in the future, this development will lead to identification of patients that are more 
susceptible for specific diseases by using their stool as a diagnostic and perhaps prognostic 
tool.
Most importantly, anastomotic leakage is a major complication after GI surgery and does 
not only cause discomfort to the patient, but can also lead to sepsis, reintervention, ICU 
admittance, prolonged hospital stay and even death. While bacteria play an important role 
in the development of anastomotic dehiscence, by causing local inflammation at the suture 
line with intramural abscess formation and necrosis 22, perioperative SDD seems to 
decrease anastomotic leakage. Prevention of anastomotic leakage is important, because 
it has been shown in the literature that leakage is associated with diminished survival and 
a higher prevalence of local recurrence of tumor.23 
Although the reduction in perioperative endotoxaemia by SDD is mainly studied in cardiac 
surgery 24, preventing or decreasing perioperative endotoxaemia by perioperative SDD is 
also an important topic, while bacterial endotoxins lead to metastatic tumor growth in 
experimental tumor models because they increase tumorcell adhesion. 25

The SELECT trial (NL 2011-002211-28) is a multicenter RCT which compares SDD with 
placebo in elective colorectal surgery. The primary outcome is anastomotic leakage, the 
secondary endpoint is long term oncological outcome. This trial has been started in the 
end of 2012 and will hopefully give answers to these important topics. 
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Het doel van dit proefschrift was om de rol van selectieve darm decontaminatie (SDD) in 
electieve gastro-enterologische (GE) chirurgie te evalueren ten aanzien van postoperatieve 
infectieuze complicaties. Mortaliteit, opname duur en kosten-effectiviteit werden ook 
geanalyseerd. Daarnaast geeft dit proefschrift een overzicht van de klinische toepasbaarheid 
van SDD in electieve GE chirurgie. 

SDD werd in 1983 geïntroduceerd op de Intensive Care als een nieuwe techniek om 
infecties te voorkomen en het gebruik ervan leidde tot een significante daling in morbiditeit 
en mortaliteit.1,2 Als een van de grondleggers van het concept van SDD, raadde Stoutenbeek 
in 1990 het gebruik van SDD ook aan bij chirurgische patienten.3 In die jaren was de 
postoperatieve morbiditeit na electieve gastro-intestinale chirurgie hoog, tot 28% na 
colorectale chirurgie, ondanks optimale peri-operatieve zorg en het gebruik van systemische 
antibiotica rondom de operatie.4-6 De meest voorkomende infecties waren nosocomiale 
infecties die binnen 48 uur na ziekenhuis opname ontstonden. Ze werden veelal veroorzaakt 
door gram negatieve bacteriën uit het maagdarm stelsel van de patiënt zelf. Om de 
incidentie van deze infecties te verminderen, werd in 1999 op de afdeling chirurgie van 
het OLVG rondom de operatie SDD gegeven aan mensen die electieve colorectale chirurgie 
moesten ondergaan. 

Hoofdstuk 2 beschrijft de resultaten van een retrospectieve analyse van prospectief 
verzamelde gegevens over een periode van 3 jaar van 162 patiënten die opgenomen waren 
op de afdeling chirurgie voor een geplande colorectale operatie. Van deze patiënten kregen 
76 (47%) SDD (polymyxine B sulphate 100mg, tobramycine 80mg en amphotericine B 
500mg (PTA)) 4 maal daags, wat bij voorkeur 1 a 2 dagen voor de operatie werd gestart. 
De controle groep bestond uit 86 (53%) patiënten die niet met SDD werden behandeld. 
Beide groepen kregen dezelfde systemische antibiotica rondom de operatie. In de SDD 
groep zaten meer patiënten die een rectumresectie hadden ondergaan. De SDD werd voor 
de operatie gestart en doorgegeven tot tenminste 3 dagen na de operatie in 47 (62%) 
patiënten.  Er waren 6 patiënten (7.9%) met infectieuze complicaties (voornamelijk 
urineweginfecties en pneumonieën) in de SDD groep vergeleken met 17 patiënten (19.8%) 
in de controle groep. (p = 0.031). Infectieuze complicaties en naadlekkage samen werden 
“het gecombineerde eindpunt” genoemd. De incidentie hiervan was 8 (11%) in de SDD 
groep tegenover 22 (26%) in de controle groep (p = 0.014). Er waren geen verschillen in 
opname duur of mortaliteit. Multivariate analyse toonde aan dat het niet geven van SDD, 
een leeftijd boven de 60 jaar en diabetes afhankelijke voorspellers waren voor postoperatieve 
complicaties.
Omdat de SDD in deze restrospectieve studie willekeurig door de chirurg voorgeschreven 
werd aan patiënten, zouden deze resultaten vertekend kunnen zijn. Om deze resultaten 
te bevestigen werd in 2003 een gerandomiseerde, dubbelblinde, placebo gecontroleerde 
trial gestart.

In hoofdstuk 3 worden de resultaten beschreven van  289 gerandomiseerde patiënten, 
gedurende 5 jaar, die electieve GE chirurgie ondergingen, waaronder procedures aan zowel 
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bovenste als onderste tractus digestivus. Om te corrigeren voor een mogelijk verschil in 
aantallen bovenste en onderste tractus digestivus chirurgie, werden patiënten in 4 groepen 
verdeeld; In groep A zaten patiënten die oesophagus- en maagchirurgie moesten ondergaan, 
in groep B patiënten met lever-, pancreas- en galweg chirurgie, in groep C werden patiënten 
geïncludeerd die geopereerd gingen worden aan het colon en in groep D zaten patiënten 
met rectumchirurgie. 
De meeste patiënten echter ondergingen colorectale chirurgie. Patiënten werden 
gerandomiseerd tussen placebo en SDD, wat 4 maal daags gegeven werd, 1 a 2 dagen 
voor de operatie werd gestart en werd gecontinueerd tenminste tot 3 dagen na de ingreep 
of totdat er normale passage was. Alle patiënten kregen systemische antibiotica rondom 
de operatie. Om te bepalen of patiënten voor de operatie al een infectie hadden, werd een 
preoperatieve urinekweek en sputumkweek verricht op de polikliniek. Op de operatiekamer 
(OK) werd een rectumkweek afgenomen om te beoordelen of decontaminatie was 
opgetreden.
Optimale toediening van trial medicatie werd gezien in 82 (57.3%) patiënten in de SDD 
groep en 87 (59.6%) in de placebo groep, waarbij patiënten in de SDD groep gemiddeld 
19 doses kregen en  in de placebo groep 20. In de SDD groep werd een significant lagere 
incidentie gezien van postoperatieve infectieuze complicaties; 28 (19.6%) patiënten in de 
SDD groep versus 45 (30.8%) in de placebo groep (p = 0.03). Ook de incidentie van 
naadlekkages was significant lager in de SDD groep dan in placebo groep, 9 (6.3%) versus 
22 (15.1%) respectievelijk. Er was geen significant verschil in opname duur of mortaliteit. 
In de groep patiënten met een naadlekkage echter, was de leeftijd hoger (71 versus 59) 
maar opname duur korter (21 versus 33 dagen) in de SDD groep vergeleken met de placebo 
groep. Deze RCT toonde een relatieve risico reductie van 36% en een number needed to 
treat (NNT) van 9. Ook werd een relatieve reductie in naadlekkages gezien van 58%. Op 
grond van deze resultaten zou men kunnen overwegen om perioperatieve SDD te geven 
aan patiënten die electieve GE chirurgie moeten ondergaan, waarbij de SDD 3 dagen voor 
de operatie moet worden gestart en doorgegeven worden totdat er weer een normale 
passage is. 

Ook al lijkt het effect van SDD op morbiditeit en mortaliteit bij ICU patiënten duidelijk, 
slechts 30% van alle Nederlandse ICU’s gebruikt SDD op dit moment.7 Hierdoor 
vermoedden we dat het gebruik van SDD op een chirurgische afdeling nog lager lag. 
In hoofdstuk 4 worden de resultaten beschreven van een onderzoek naar het gebruik van 
SDD, perioperatieve systemische antibiotica en mechanische darmvoorbereiding (MBP) 
in Nederland. Een online vragenlijst werd naar alle GE chirurgen in 86 (8 academische en 
78 perifere) ziekenhuizen gestuurd. De respons rate was 74%; 6 academische centra en 
58 perifere ziekenhuizen werden geïncludeerd. Twintig ziekenhuizen (31.1%) gaven SDD 
alleen maar op de ICU. Slechts 4/64 (6.3%) ziekenhuizen gaven SDD op de chirurgische 
afdeling; 2 ziekenhuizen schreven SDD voor bij GE chirurgie, één voornamelijk in 
hypertherme intraperitoneale chemotherapie (HIPEC) procedures en één exclusief bij 
levertransplantaties.
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Intraveneuze antibiotica gedurende GE chirurgie werd in alle Nederlandse ziekenhuizen 
gegeven rondom de operatie, alhoewel maar 59.4% de antibiotica 30 minuten voor de 
ingreep gaven, volgens Nederlandse richtlijnen. Opvallend was dat 90.6% van de 
ziekenhuizen nog steeds MBP voorschrijft, met name bij links-zijdige (open of 
laparoscopische) colorectale chirurgie en trans-anale endoscopische microchirurgie (TEM). 
Bij bovenste tractus digestivus chirurgie werd geen MBP gegeven. De conclusie is dus 
dat perioperatieve SDD bij electieve GE chirurgie zelden wordt gegeven in Nederland en 
alleen wordt voorgeschreven als de ICU van het betreffende ziekenhuis dat ook doet. 
Perioperatieve i.v. antibiotica wordt in 40.6% te laat gegeven en MBP wordt nog steeds 
op bijna alle Nederlandse chirurgische afdelingen gebruikt in linkszijdige colon- en rectum 
chirurgie. 

Met de huidige economische crisis is een beperking in zorgkosten noodzakelijker dan ooit. 
In de literatuur is de kosteneffectiviteit van SDD op de ICU is beschreven en hierbij werden 
lagere kosten gezien bij patiënten die SDD kregen.8,9 In hoofdstuk 5 werd de populatie uit 
de RCT gebruikt om de kosten effectiviteit te berekenen voor SDD versus placebo, waarbij 
gekeken werd naar het verschil wanneer de gemiddelde totale kosten (in euro) werden 
onderverdeeld op basis van het behandelings  effect. Het doel van deze studie was om de 
kosten van patiënten, die opgenomen werden op de afdeling chirurgie om een electieve 
GE procedure te ondergaan, te objectiveren. Daarnaast werd in deze studie gekeken of de 
daling in postoperatieve infectieuze complicaties van de eerdere RCT tot lagere kosten zou 
leiden. Er werd een overzicht gegeven van alle chirurgische procedures, re-interventies 
(dat wil zeggen relaparoscopieën, relaparotomieën of radiologische interventies) en 
laboratorium resultaten, gedurende een follow up van een jaar. Ook werden de kosten die 
gemaakt werden om een andere specialist in consult te vragen, inclusief het gebruik van 
diagnostiek, genoteerd. Het gebruik van SDD reduceerde de kosten met 2604 euro per 
patiënt wat leidde tot een kosteneffectiviteit van SDD van meer dan 92%. Dit was 
voornamelijk te danken aan een daling in ziekenhuis opname kosten.

Zoals eerder gezegd is het gebruik van SDD op de ICU uitgebreid beschreven in de 
literatuur, maar er zijn maar weinig studies gedaan naar het gebruik van SDD in electieve 
GE chirurgie. Daarnaast wordt het gebruik van perioperatieve SDD in GE chirurgie niet 
breed toegepast. In hoofdstuk 6 worden de resultaten van een systematische review en 
meta-analyse beschreven waarbij het effect van perioperatieve SDD in electieve GE 
chirurgie met perioperatieve systemische antibiotica werd vergeleken met perioperatieve 
antibiotica profylaxe alleen, ten aanzien van infectieuze complicaties en naadlekkage. Ook 
werd er gekeken naar mortaliteit en opname duur. Medline, Embase en de Cochrane Central 
register of Controlled trials werden gebruikt om 1660 potentieel relevante artikels te vinden 
waarvan er 38 nader werden beoordeeld. Acht studies met een Jadad score > 3 waren 
geschikt voor inclusie in de review, met in totaal 1668 patiënten. De meeste RCT’s waren 
gepubliceerd voor 2007 en daarom waren dit studies zonder enhanced recovery after 
surgery (ERAS) protocollen. Van de 1668 patiënten kregen 828 preoperatieve SDD met 
perioperatieve systemische antibiotica, terwijl 840 patiënten alleen peroperatieve 
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systemische antibiotica kregen met of zonder een orale placebo. Alle systemische 
antibiotica hadden een dekking voor Gram-negatieve bacteriën. Slechts 3 trials beschreven 
het aanhoudende toedienen van SDD na de operatie. Infectieuze complicaties werden in 
5 studies gerapporteerd: 77 (9%) patiënten met SDD versus 118 (14%) patiënten in de 
controle groep (p= 0.002). Wondinfecties werden in 6 studies beschreven met een daling 
in de SDD groep (4.2% versus 8.8%). Naadlekkage was verminderd in de SDD groep (2.3% 
versus 5.2%)(p = 0.002)
Er werd een aparte analyse van de subgroepen “hoge” en “lage” GE chirurgie verricht, 
welke liet zien dat SDD infectieuze complicaties vermindert in beide groepen, zonder 
verschil in effect. De opname duur verschilde niet tussen beide groepen ( p = 0.19) maar 
werd slecht beschreven in 2 trials. Mortaliteit, beschreven in 3 studies, toonde geen 
significant verschil tussen de groepen ( p = 0.27). De conclusie van deze review was dan 
ook dat perioperatieve SDD infectieuze complicaties na bovenste en onderste GE chirurgie 
verminderde. Toekomstige trials zijn nodig om een mogelijk effect van SDD op mortaliteit 
en opnameduur te analyseren en om te evalueren wat het effect van SDD is naast ERAS 
protocollen. 

Het doel van de studie beschreven in hoofdstuk 7 was om de kweken te analyseren die 
afgenomen zijn in de eerder genoemde RCT en om hun correlatie te bepalen met de 
kweken die werden genomen van postoperatieve infecties. Zoals eerder vermeld werden 
289 patiënten die electieve GE chirurgie ondergingen gerandomiseerd om SDD of placebo 
te krijgen rondom de operatie (143 versus 146 patiënten respectievelijk). Op de polikliniek 
werden preoperatieve kweken van urine en sputum verzameld om te bepalen of patiënten 
preoperatief al een infectie hadden. Op de OK werden rectumkweken afgenomen om de 
graad van decontaminatie te beoordelen. Adequate decontaminatie werd gedefinieerd als 
de afwezigheid van de groei van Gram negatieve bacteriën en gisten. Als er verdenking 
was op een postoperatieve infectie, werden kweken afgenomen van wond, bloed, urine, 
sputum of van buikvocht gedurende een operatie. De postoperatieve infecties werden 
behandeld volgens ziekenhuis protocol. Preoperatieve urinekweken werden in 244 (84%) 
patiënten afgenomen. In 9% was een urineweginfectie (UWI) aanwezig voor de operatie 
(14 in de SDD groep versus 9 in de placebo groep). Van alle patiënten waarbij sputumkweken 
waren afgenomen, toonde 90% geen groei van bacteriën. Bij 198 patiënten werd tijdens 
de operatie een rectumkweek afgenomen,  99/143 (69%) in de SDD groep en 99/146 (67%) 
in de placebo groep. In de SDD groep waren 64/99 (65%) adequaat gedecontamineerd. 
Van deze groep ontwikkelde 51 patiënten geen infectieuze complicatie (79.7%). De 
bacteriën uit de diagnostische kweken kwamen in de helft van de gevallen overeen met 
die uit de peroperatieve rectumkweken. SDD verminderde peroperatief dragerschap van 
gram negatieve bacteriën en gisten, wat leidde tot een afwezigheid van gram negatieve 
infecties in de adequaat gedecontamineerde groep patiënten. Een derde van de patiënten 
was niet adequaat gedecontamineerd, daarom is het aan te raden om de  toediening van 
preoperatieve SDD te verbeteren. 
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CONCLUSIE

Perioperatieve SDD en systemische antibiotica samen verminderen postoperatieve 
infectieuze complicaties en naadlekkage in electieve GE chirurgie, vergeleken met 
systemische antibiotica alleen. Het toedienen van SDD is ongebruikelijk in Nederland en 
wordt alleen in GE chirurgie gegeven als de ICU van het betreffende ziekenhuis het ook 
gebruikt. SDD moet in adequate doses en over een sufficiënte periode worden gegeven 
om optimale decontaminatie te bereiken, dat wil zeggen een vermindering in de 
peroperatieve aanwezigheid van Gram-negatieve bacteriën en gisten, wat een vermindering 
in Gram-negatieve postoperatieve infecties tot gevolg heeft. In de praktijk betekent dit dat 
de SDD 3 dagen voor electieve chirurgie moet worden gestart (dat kan thuis gebeuren) en 
moet worden doorgegeven totdat er normale passage voor voedsel en ontlasting is. De 
patiënt moet van tevoren goed worden ingelicht over de wrange smaak van SDD. Elke 
ziekenhuisapotheek kan SDD maken, daarnaast verlaagt SDD de totale kosten per patiënt.  

TOEKOMST PERSPECTIEVEN

Tegenwoordig wordt de invloed die darm bacteriën op onze gezondheid hebben, meer en 
meer erkend.10 Het wordt steeds duidelijker dat de complexe bacteriële populatie van het 
maagdarmstelsel een ecosysteem vormt dat een belangrijke rol speelt bij verschillende 
ziektes. Leeftijd, dieet en gezondheid van een persoon hebben invloed op de samenstelling 
van darm bacteriën (‘het intestinale microbioom’)  en diverse ziektebeelden zijn geassocieerd 
met veranderingen in die samenstelling, waaronder metabole ziektes, inflammatoire darm 
ziekten, obesitas en diabetes.11-13 Die samenstelling heeft niet alleen invloed op het immuun 
systeem, maar ook op de structuur van het darmslijmvlies. Het is echter nog niet duidelijk 
of een veranderde darmflora de oorzaak van een ziekte is of het gevolg.14 Bacteriën (b.v 
Bacteroides) die carcinogene metabolieten produceren, zijn geassocieerd met de 
ontwikkeling van maligniteiten in colon en rectum15 en aandoeningen van de bovenste 
tractus digestivus, zowel goedaardige afwijkingen als maagkanker.16 Aan de andere kant 
kan de transplantatie van darm bacteriën (FMT) gebruikt worden in de behandeling van 
recidiverende Clostridium difficile infecties (CDI).17,18

Het aantal micro-organismen in het maagdarmstelsel is groter dan het aantal cellen in het 
menselijk lichaam. Speciale technieken hebben het mogelijk gemaakt om het genoom in 
darmbacteriën te identificeren. 19-21 Mogelijkerwijs kan deze ontwikkeling in de toekomst 
leiden tot het identificeren van patiënten die vatbaar zijn voor bepaalde ziektebeelden door 
hun ontlasting te gebruiken als diagnostisch en zelfs prognostisch middel.
Een ander belangrijk punt is naadlekkage. Dit is een ernstige complicatie na GE chirurgie 
en veroorzaakt niet alleen ongemak voor de patiënt, maar kan ook leiden tot sepsis, re 
interventies, behandeling op de ICU, verlengde opname duur en zelfs tot de dood. Bacteriën 
spelen een belangrijke rol in de ontwikkeling van naadlekkage omdat ze ter hoogte van de 
anastomose een lokale ontstekingsreactie geven met intramurale abcesvorming en 
necrose22. Het gebruik van SDD rond de operatie echter, lijkt naadlekkage te verminderen. 
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Voorkomen van naadlekkage is van belang omdat het ook leidt tot een verminderde 
overleving en een grotere kans op lokaal recidief van de tumor.23

Ondanks dat de vermindering van peroperatieve endotoxemie bij het gebruik van SDD 
alleen in cardio thoracale chirurgie is aangetoond 24, is het voorkomen of verminderen van 
perioperatieve endotoxemie een belangrijk onderwerp, aangezien bacteriële entotoxinen 
in experimentele tumor modellen door verhoogde tumor adhesie, hebben geleid tot 
metastatische tumor groei op afstand.25 De SELECT trial (NL 2011-002211-28) is een 
multicenter RCT waarin SDD met placebo wordt vergeleken in electieve colorectale 
chirurgie. De primaire uitkomst is naadlekkage, secundair wordt gekeken naar oncologische 
resultaten op de lange termijn. Deze trial is aan het einde van 2012 gestart en zal hopelijk 
antwoord geven op deze belangrijke vraagstukken.
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19. Overzicht houdend
20. Ruim denkend
21. Geestig
22. Flexibel
23. Doorzettingsvermogen hebbende
24. Zakelijk
25. Fundament
26. energiek
27. Warm
28. Geborgen
29. Loyaal
30. Creatief

31. On top of the foodchain
32. Oprecht
33. Relativerend
34. Sparrend
35. Type Sean Connery   
36. Licht chaotisch
37. Gezellig
38. Altijd open staand voor overleg
39. Toegewijd 
40. Leeuw op de rots
41. Kalmerend
42. Consequent
43. Inspirerend
44. Onafhankelijk
45. Sympathiek
46. Geduldig
47. Kalm
48. Ordelijk
49. Daadkrachtig
50. Constructief
51. Tactvol
52. Discreet
53. Vindingrijk
54. Evenwichtig
55. Positief
56. Optimistisch
57. Visie hebbende
58. Vooruitdenkend
59. Openhartig
60.  Nog nooit op een serieuze opmerking betrapt
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1.  Het toedienen van perioperatieve SDD in electieve gastrointestinale chirurgie 
lijkt postoperatieve infectieuze complicaties en naadlekkage te verminderen. 

 (dit proefschrift)

2.  Patiënten die ouder zijn dan 60 jaar of diabetes hebben,  hebben een grotere 
kans op het ontwikkelen van een infectieuze complicatie na electieve 
colorectale chirurgie.

 (dit proefschrift)

3.  In Nederland wordt perioperatieve SDD zelden gegeven bij patiënten die 
electieve gastro-intestinale chirurgie moeten ondergaan. 

 (dit proefschrift)

4.  Door de vermindering van postoperatieve infectieuze complicaties, leidt het 
toedienen van  perioperatieve SDD tot lagere kosten per patiënt. 

 (dit proefschrift)

5.  Perioperatieve SDD in electieve GE chirurgie vermindert de peroperatieve 
aanwezigheid van gram-negatieve bacteriën en gisten en daardoor het aantal 
gram-negatieve infecties in vergelijking met placebo.

 (dit proefschrift)

6.  “You treat a disease, you win or you lose, but if you treat a person,  
I guarantee you, you’ll win, no matter what the outcome” 

 (Robin Williams in “Patch Adams”)

7.  Als ik zou willen dat je het begreep, had ik het wel beter uitgelegd.  
(Johan Cruijff)

8.  Ik ben overal tegen. Tot ik een besluit neem, dan ben ik ervoor.  
Lijkt me logisch. 

 (Johan Cruijff)

9.  Het is verstandig je vak serieus te nemen, niet jezelf.

SDD IN GI SURGERY
Selective Decontamination of the Digestive Tract  
in Elective Gastrointestinal Surgery

Stellingen behorende bij het proefschrift

Daphne Roos


