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Background: Infectious complications and anastomotic leakage affect approximately 30 per cent
of patients after colorectal cancer surgery. The aim of this multicentre randomized trial was to investigate
whether selective decontamination of the digestive tract (SDD) reduces these complications of elective
colorectal cancer surgery.
Methods: The effectiveness of SDD was evaluated in a multicentre, open-label RCT in six centres
in the Netherlands. Patients with colorectal cancer scheduled for elective curative surgery with a primary
anastomosis were eligible. Oral colistin, tobramycin and amphotericin B were administered to patients
in the SDD group to decontaminate the digestive tract. Both treatment and control group received
intravenous cefazolin and metronidazole for perioperative prophylaxis. Mechanical bowel preparation was
given for left-sided colectomies, sigmoid and anterior resections. Anastomotic leakage was the primary
outcome; infectious complications and mortality were secondary outcomes.
Results: The outcomes for 228 patients randomized to the SDD group and 227 randomized to the
control group were analysed. The trial was stopped after interim analysis demonstrated that superiority
was no longer attainable. Effective SDD was confirmed by interspace DNA profiling analysis of rectal
swabs. Anastomotic leakage was observed in 14 patients (6⋅1 per cent) in the SDD group and in 22 patients
(9⋅7 per cent) in the control group (odds ratio (OR) 0⋅61, 95 per cent c.i. 0⋅30 to 1⋅22). Fewer patients
in the SDD group had one or more infectious complications than patients in the control group (14⋅9 versus

26⋅9 per cent respectively; OR 0⋅48, 0⋅30 to 0⋅76). Multivariable analysis indicated that SDD reduced the
rate of infectious complications (OR 0⋅47, 0⋅29 to 0⋅76).
Conclusion: SDD reduces infectious complications after colorectal cancer resection but did not sig-
nificantly reduce anastomotic leakage in this trial. Registration number: NCT01740947 (https://www.
clinicaltrials.gov).
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Introduction

Colorectal cancer is a common cancer worldwide, affect-
ing more than one million patients annually1. Surgical
resection remains the mainstay for curative treatment,
but infectious complications affect 20–40 per cent of
patients2,3. Anastomotic leakage is the most severe compli-
cation of colorectal surgery, with an incidence ranging from
5 to 15 per cent3,4 and a mortality rate of 6–30 per cent3,5.

Management of surgical-site infection (SSI) in colorectal
cancer surgery requires specialized care and can increase
costs by 40 per cent, up to €17 500 per case6. Although sev-
eral possible risk factors for anastomotic leakage have been
proposed, the patient’s microbiome may play a role in the
pathophysiology7. Postoperative abdominal, pulmonary
or other infectious complications implicate digestive
tract microorganisms in other organ spaces or the blood
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circulation. Furthermore, blood-borne Gram-negative
bacteria and their endotoxins contribute to the pathogen-
esis of sepsis, shock and multiple organ failure8.

Selective decontamination of the digestive tract (SDD) is
based on the administration of oral non-absorbable antibi-
otics to minimize the impact of endogenous infections from
gut microorganisms including aerobic Gram-negative bac-
teria, Staphylococcus aureus and fungi9. SDD was introduced
in the ICU setting, where it reduced mortality in venti-
lated patients10. In oesophagogastric and digestive surgery
there are data11,12 showing that infectious complications
and anastomotic leakage are reduced by SDD. The aim
of this multicentre RCT was to investigate the effects of
SDD on anastomotic leakage and infectious complications
in patients undergoing elective colorectal cancer resection
with a primary anastomosis.

Methods

Study design

The SELECT trial was a superiority, open-label, multicen-
tre, randomized trial conducted at one university medical
centre and five teaching hospitals in the Netherlands. The
study was designed by members of the protocol committee.
The local investigators and the coordinating investigator
collected the data. The authors analysed and vouch for the
accuracy of the data and fidelity of the study to the protocol.
The trial was registered with ClinicalTrials.gov (number
NCT01740947).

Patients

Patients were eligible for inclusion if they had a
biopsy-proven colorectal carcinoma (or a high index
of suspicion of carcinoma on biopsy) with no imaging
signs of distant metastasis, and were candidates for elective
surgery with a primary anastomosis via laparoscopic or
open surgery. Exclusion criteria included other malig-
nancy, inflammatory bowel disease, previous surgery
for diverticular disease, ASA grade IV, polyposis/familial
cancer syndromes, or inability to give informed consent13.
The ethics board at the VU University Medical Centre
and the institutional review board at each participating
centre approved the study. All patients provided written
informed consent.

Randomization and masking

After inclusion and exclusion criteria had been veri-
fied and informed consent obtained, randomization was
performed via an internet-based program. Allocation

of patients was stratified for participating centre
and tumour localization (colonic or rectal) and type
of resection (laparoscopic or open). A unique patient iden-
tification code was generated and corresponded with the
allocated intervention or standard treatment regimen.
A standardized online case record form was used via a
secured internet module.

Procedures and quality control

All patients were presented at multidisciplinary team meet-
ings to determine individual management (in accordance
with the Dutch guidelines on colorectal cancer).

Study drug

Patients in the SDD arm received orally a 10-ml suspension
containing 5 ml amphotericin B (500 mg) and 5 ml colistin
sulphate (100 mg) and tobramycin (80 mg).

Intervention group

The intervention group received the study drug orally four
times daily, starting 3 days before surgery. Medication was
continued until either normal bowel motion occurred or
for a minimum of 3 days after surgery. In patients who
had a nasogastric tube after surgery, the tube was clamped
for 30 min after administration of SDD. Normal bowel
passage was defined as toleration of a normal diet and oral
intake of more than 1 litre of fluid per 24 h. In addition,
a single preoperative parenteral dose of 1000 mg cefazolin
and 500 mg metronidazole was given; this was repeated if
the operation took more than 4 h. A preoperative rectal
swab was taken from all patients. All perioperative care
fulfilled the Enhanced Recovery After Surgery (ERAS)
criteria14. Oral mechanical bowel preparation was given for
left-sided colonic, sigmoid and low anterior resections.

Control group

The control group routinely received a single preoperative
parenteral dose of 1000 mg cefazolin and 500 mg metron-
idazole; this was repeated if the operation took more than
4 h. A preoperative rectal swab was taken from all patients.
All perioperative care fulfilled the ERAS criteria14. Oral
mechanical bowel preparation was given for left-sided
colonic, sigmoid and low anterior resections.

Study endpoints

The primary endpoint was anastomotic leakage rate
at 30 days after surgery. Anastomotic leakage was diag-
nosed either clinically or radiologically and considered
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Enrolled in trial and
randomized

n = 485

Allocated to intervention n = 244
Received intervention n = 244
Did not receive intervention n = 0

Allocated to control n = 241
Received intervention n = 241
Did not receive intervention n = 0

Lost to follow-up n = 0
Discontinued intervention n = 0

Lost to follow-up n = 0
Discontinued intervention n = 0

Analysed n = 228
Excluded from analysis n = 16
 No anastomosis n = 7
 Transanal TME performed n = 6
 Met exclusion criteria n = 2
 No operation n = 1

Analysed n = 227
Excluded from analysis n = 14
 No anastomosis n = 1
 Transanal TME performed n = 8
 Met exclusion criteria n = 3
 No operation n = 1
 Withdrew informed consent n = 1

E
nr

ol
m

en
t

A
llo

ca
tio

n
F

ol
lo

w
-u

p
A

na
ly

si
s

Fig. 1 CONSORT diagram for the study. SDD, selective decontamination of digestive tract; TME, total mesorectal excision

as such if surgical or radiological intervention was required.
Abscesses in the proximity of the anastomosis were also
considered as anastomotic leakage.

Secondary short-term endpoints were infectious
complications, mortality, ICU admission, reopera-
tion/reintervention within 30 days of surgery, readmission
and hospital stay.

Follow-up

Follow-up was done at least twice a year in the first 2 years
after surgery and then yearly according the Dutch guide-
lines on colorectal cancer.

Verification of decontamination

To verify the decontaminating effect of SDD on the pres-
ence of potential pathogenic microorganisms in the gut,
microbial analysis was performed by the interspace (IS)
profiling technique (IS-pro™; IS-Diagnostics, Amsterdam,
the Netherlands) on rectal swabs of a subset of patients.

Rectal swabs
Rectal swabs (FLOQSwabs™ 552C; Copan, Califor-
nia, USA) were taken before surgery. Swab tips were
transported in a sterile container containing 500 μl
reduced transport fluid (RTF) buffer. Within half an hour
of transportation, containers were stored at a temperature
of −20 ∘C before sample handling.

Interspace profiling of intestinal microbiota
Analysis on the intestinal microbiota was performed
with the IS-pro™ technique, which discriminates bacterial
species based on the length of the 16–23S rDNA IS
region, as described previously15.

Bacterial DNA was isolated with the in vitro diagnos-
tic (IVD)-labelled, automated NucliSENS® easyMag®

extraction system (bioMérieux, Marcy-l’Étoile, France)
according to the instructions for use in the IS-pro™
Research kit 14000 (IS Diagnostics). The DNA was
eluted in 110 μl buffer and stored at 4 ∘C before PCR
amplification.

IS fragments were amplified in two separate PCR
reactions with phylum-specific fluorescent labels.
In the first PCR reaction, IS fragments of bacteria
belonging to the phyla Firmicutes, Bacteroidetes, Acti-
nobacteria, Fusobacteria and Verrucomicrobia were
amplified. In the second PCR reaction, IS fragments
of bacteria belonging to the phylum Proteobacteria
were amplified. Amplifications were performed on a
GeneAmp® PCR system 9700 (Applied Biosystems, Foster
City, California, USA).

Subsequently, DNA fragment analysis was performed on
an ABI Prism® 3500 Genetic Analyzer (Applied Biosys-
tems). All data were preprocessed with the proprietary
software suite (IS-Diagnostics) and analysed further with
the Spotfire® software package (TIBCO, Palo Alto,
California, USA).
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Table 1 Baseline characteristics

SDD
(n=228)

Control
(n=227)

Age (years)* 67⋅5(8⋅4) 68⋅1(9⋅0)
Sex ratio (M : F) 131 : 97 134 : 93
ASA fitness grade

I (healthy) 60 (26⋅3) 64 (28⋅2)
II (mild systemic disease) 137 (60⋅1) 129 (56⋅8)
III (severe systemic disease) 31 (13⋅6) 33 (14⋅5)
Missing 0 (0) 1 (0⋅4)

BMI (kg/m2)* 26⋅7(4⋅3) 25⋅9(4⋅3)
Diabetes 36 (15⋅9) 24 (10⋅7)

Missing 1 2
Preoperative haemoglobin level (mmol/l)* 8⋅2(1⋅2) 8⋅2(1⋅2)
Active smoker 29 (14⋅1) 32 (15⋅4)

Missing 23 19
Neoadjuvant therapy 6 (2⋅6) 13 (5⋅7)
Surgical intervention

Right hemicolectomy 84 (36⋅8) 78 (34⋅4)
Transverse colectomy 11 (4⋅8) 6 (2⋅6)
Left hemicolectomy (extended) 21 (9⋅2) 20 (8⋅8)
Sigmoid resection 60 (26⋅3) 64 (28⋅2)
Low anterior resection 47 (20⋅6) 56 (24⋅7)
Other 5 (2⋅2) 3 (1⋅3)

Type of surgery
Laparoscopic 224 (98⋅2) 223 (98⋅2)
Open 4 (1⋅8) 4 (1⋅8)

Bowel preparation 155 (68⋅0) 161 (70⋅9)
Diverting ileostomy 12 (5⋅3) 11 (4⋅8)
Conversion 24 of 224 (10⋅7) 30 (13⋅2)
Time in theatre (min)* 193(58) 185(45)

Missing 56 55
Blood loss (ml)† 50 50

Missing 93 81
Pathological stage

I (T1–2 N0 M0) 73 (32⋅0) 63 (27⋅8)
II (T3–4 N0 M0) 76 (33⋅3) 68 (30⋅0)
III (Tx N+ M0) 70 (30⋅7) 85 (37⋅4)
ypT0 N0 1 (0⋅4) 3 (1⋅3)
pT0 (dysplasia) 8 (3⋅5) 8 (3⋅5)

Values in parentheses are percentages unless indicated otherwise; values
are *mean(s.d.) and †median. SDD, selective decontamination of the
digestive tract.

To determine phylum, family and species abundance,
a box plot was made for the abundance of Proteobac-
teria, Enterobacteriaceae and Escherichia coli. The x-axis
depicted treatment, and the y-axis showed log2 intensity,
measured in relative fluorescence units. P values for differ-
ence in abundance in the SDD versus control group were
calculated for these taxonomic groups, by performing a
two-sample t test.

Statistical analysis

With anastomotic leakage as a primary endpoint, a power
of 80 per cent at a confidence level of 95 per cent was used.
Considering a 9 per cent anastomotic leakage rate in the

control group, based on numbers of the Dutch Surgical
Colorectal Audit at onset of the trial3, and an estimated 4
per cent in the intervention group, 381 patients needed to
be included per treatment arm (total of 762 patients). All
data were collected in an online OpenClinica® database
(https://www.openclinica.com), and statistical analyses
were performed using SPSS® 21.0 (IBM, Armonk, New
York, USA).

An interim analysis was performed approximately
halfway through the trial after a decrease in anastomotic
leakage rate from 9 per cent in 2010 to 6 per cent in 2015
was reported by the Dutch Surgical Colorectal Audit3.
The interim analysis, carried out by an independent statis-
tician and reviewed by the statistician involved in the trial,
was performed to evaluate whether the power was still
sufficient to continue the trial. The final decision was
made by the principal investigator of the trial.

The main analyses were performed on a modified
intention-to-treat basis, without exclusion of patients after
randomization. Odds ratios (ORs) were determined for the
binary outcome measures, and difference in means for the
continuous outcome measure. Potential confounders for
complication rates were identified based on the literature:
age, sex, BMI, ASA classification, smoking history, dia-
betes, bowel preparation, surgical procedure performed,
diverting ileostomy and conversion. Adjusted ORs were
determined by logistic regression. To limit the number
of co-variables, confounders were selected based on their
prognostic value, using a threshold P value of 0⋅150 in
univariable analysis. Given the low percentage of patients
with missing observations in the confounders (less than
1 per cent), these patients were omitted from the logistic
regression analysis.

Results

A total of 485 patients were enrolled from May 2013
until March 2017 (Fig. 1). The trial was stopped after
interim analysis demonstrated that superiority could not
be reached for the primary outcome at the parameters set
a priori; the power to detect a difference of 55 per cent
was too low.

Baseline characteristics

Baseline characteristics are shown in Table 1. Missing data
were equally distributed over the two arms of the trial.

Clinical outcomes

Anastomotic leakage was recorded in 14 patients (6⋅1 per
cent) in the SDD group and 22 (9⋅7 per cent) in the control
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Table 2 Results of primary and secondary outcomes

SDD (n=228) Control (n=227) Odds ratio*

Anastomotic leakage† 14 (6⋅1) 22 (9⋅7) 0⋅61 (0⋅30, 1⋅22)
Required intervention for anastomotic leakage

Reoperation 12 (86) 18 (82)
Transrectal drainage 1 (7) 3 (14)
Percutaneous drainage 1 (7) 1 (5)

≥1 infectious complication (including anastomotic leakage) 34 (14⋅9) 61 (26⋅9) 0⋅48 (0⋅30, 0⋅76)
Surgical-site infection 5 (2⋅2) 24 (10⋅6)
Pneumonia 11 (4⋅8) 19 (8⋅4)
Urinary tract 4 (1⋅8) 6 (2⋅6)
Other 0 (0) 3 (1⋅3)

≥1 non-infectious complication 33 (14⋅5) 37 (16⋅3) 0⋅87 (0⋅52, 1⋅45)
Ileus 11 (4⋅8) 12 (5⋅3)
Cardiac 5 (2⋅2) 11(4⋅8)
Pulmonary embolism 4 (1⋅8) 3 (1⋅3)
Fascial dehiscence 1 (0⋅4) 5 (2⋅2)
Other 13 (5⋅7) 14 (6⋅2)

30-day mortality 3 (1⋅3) 4 (1⋅8) 0⋅74 (0⋅16, 3⋅36)

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals (univariable analysis).
†Anastomotic leakage and/or abscess defined as clinical and/or radiological evidence of anastomotic dehiscence requiring surgical or radiological
(re)intervention. SDD, selective decontamination of the digestive tract.

Table 3 Logistic regression analysis for one or more infectious complications

Univariable analysis Multivariable analysis

Odds ratio P Odds ratio P

Treatment effect (SDD versus control) 0⋅48 (0⋅30, 0⋅76) 0⋅002 0⋅47 (0⋅29, 0⋅76) 0⋅002
Age (>70 years) 1⋅29 (0⋅67, 2⋅16) 0⋅283
Male sex 1⋅30 (0⋅81, 2⋅07) 0⋅275
BMI (>30 kg/m2) 1⋅20 (0⋅97, 1⋅08) 0⋅543
Smoker 0⋅91 (0⋅48, 1⋅74) 0⋅773
Diabetes 1⋅32 (0⋅70, 2⋅49) 0⋅390
Bowel preparation 0⋅74 (0⋅46, 1⋅19) 0⋅214
ASA fitness grade

II versus I 1⋅18 (0⋅68, 2⋅05) 0⋅553 1⋅21 (0⋅70, 2⋅11) 0⋅495
III versus I 1⋅96 (0⋅97, 3⋅97) 0⋅063 1⋅99 (0⋅97, 4⋅07) 0⋅060

Low anterior versus other resection 1⋅04 (0⋅61, 1⋅78) 0⋅892
Neoadjuvant therapy 1⋅80 (0⋅67, 4⋅87) 0⋅247
Diverting ileostomy 1⋅06 (0⋅38, 2⋅92) 0⋅917
Conversion 1⋅54 (0⋅81, 2⋅94) 0⋅187

Values in parentheses are 95 per cent confidence intervals. SDD, selective decontamination of the digestive tract.

group (OR 0⋅61, 95 per cent c.i. 0⋅30 to 1⋅22). Twelve of the
patients in the SDD group with anastomotic leak required
reoperation, and the remaining two underwent drainage
either percutaneously or via the rectum. In the control
group, 18 of the 22 patients required reoperation and four
were drained percutaneously or via the rectum (Table 2).

Thirty-four patients (14⋅9 per cent) in the SDD group
had one or more infectious complications compared with
61 (26⋅9 per cent) in the control group (OR 0⋅48, 95 per
cent c.i. 0⋅30 to 0⋅76) (Table 2). The total number of infec-
tious complications was 34 (14⋅9 per cent) in the SDD
group and 74 (32⋅6 per cent) in the control group (OR 0⋅36,
0⋅23 to 0⋅57). There was a statistically significant difference
for SSI between the groups (OR 0⋅19, 0⋅07 to 0⋅51), but not

for pneumonia, urinary tract infection or other infections
(1 intravascular catheter-related infection and 2 oral infec-
tions with Candida). No infections with multidrug-resistant
bacteria or Clostridium difficile occurred.

Thirty-three non-infectious complications (14⋅5 per
cent) were recorded in the SDD group and 37 (16⋅3 per
cent) in the control group, with no significant difference.
Ileus, cardiac complications, pulmonary embolism, fascial
dehiscence and other non-infectious complications also
showed no significant difference between groups (Table 2).
The 30-day mortality rate did not differ between study
arms, with three deaths (1⋅3 per cent) in the SDD arm
and four (1⋅8 per cent) in the control arm. No differences
were found in median time to first intake, first defecation,
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Table 4 Logistic regression analysis for anastomotic leakage

Univariable analysis Multivariable analysis

Odds ratio P Odds ratio P

Treatment effect (SDD versus control) 0⋅61 (0⋅30, 1⋅22) 0⋅164 0⋅63 (0⋅31, 1⋅29) 0⋅208
Age (>70 years) 1⋅29 (0⋅64, 2⋅63) 0⋅475
Male sex 1⋅02 (0,98, 1⋅06) 0⋅439
BMI (>30 kg/m2) 1⋅00 (0⋅92, 1⋅08) 0⋅901
Smoker 0⋅33 (0⋅08, 1⋅40) 0⋅133 0⋅37 (0⋅09, 1⋅62) 0⋅196
Diabetes 2⋅00 (0⋅87, 4⋅63) 0⋅105 2⋅63 (1⋅09, 6⋅37) 0⋅032
Bowel preparation 2⋅92 (1⋅11, 7⋅69) 0⋅030 1⋅95 (0⋅69, 5⋅49) 0⋅205
ASA fitness grade

II versus I 1⋅24 (0⋅54, 2⋅89) 0⋅614
III versus I 1⋅78 (0⋅62, 5⋅15) 0⋅287

Low anterior versus other resection 3⋅05 (1⋅52, 6⋅14) 0⋅002 2⋅08 (0⋅91, 4⋅75) 0⋅083
Neoadjuvant therapy 4⋅67 (1⋅58, 13⋅80) 0⋅005 2⋅59 (0⋅75, 9⋅01) 0⋅134
Diverting ileostomy 0⋅55 (0⋅16, 1⋅95) 0⋅356
Conversion 1⋅55 (0⋅61, 3⋅91) 0⋅357

Values in parentheses are 95 per cent confidence intervals. SDD, selective decontamination of the digestive tract.
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Fig. 2 Abundance analysis of bacterial loads in patients with colorectal cancer who had selective decontamination of the digestive tract
versus controls. Load of a Proteobacteria, b Enterobacteriaceae and c Escherichia coli. Median values, interquartile ranges and ranges
(excluding outliers, shown as circles) are denoted by horizontal bars, boxes and error bars respectively. RFU, relative fluorescence units;
SDD, selective decontamination of the digestive tract. *P < 0⋅001 (two-sample t test)

median hospital stay, readmission within 30 days and ICU
admissions.

Administration of SDD was according to protocol in 224
(98⋅2 per cent) of the patients. In the four non-compliant
patients, at least six doses were taken before intake was
discontinued. The reason for discontinuing the study med-
ication was related to taste in all four patients.

Univariable and multivariable analysis

Infectious complications
Treatment with SDD and higher ASA fitness grade had
an effect on the occurrence of at least one infectious
complication in univariable analysis (Table 3). In
multivariable analysis, SDD had a strong protective

effect against infectious complications (OR 0⋅47, 95 per
cent c.i. 0⋅29 to 0⋅76). ASA grade showed no significant
relation with any infectious complication.

Anastomotic leakage
SDD, smoking, diabetes, bowel preparation, neoadjuvant
therapy and low anterior resection had an effect on anasto-
motic leakage in univariable analysis (Table 4). In multivari-
able analysis only diabetes was associated with anastomotic
leakage (OR 2⋅63, 95 per cent c.i. 1⋅09 to 6⋅37).

Non-infectious complications
Conversion to open surgery was the only factor associated
with the occurrence of a non-infectious complication (OR
2⋅48, 95 per cent c.i. 1⋅05 to 4⋅22).
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Any complication
No significant associations were found for the occurrence
of any complication, either infectious or non-infectious
(data not shown).

Effectiveness of decontamination

The loads of both Proteobacteria and Enterobacte-
riaceae were significantly reduced in the SDD group
compared with the control group (both P < 0⋅001). In
the SDD group, the total E. coli load was significantly
lower than that in the control group (P < 0⋅001), and ade-
quate decontamination was achieved in patients who had
SDD (Fig. 2).

Discussion

SDD reduced the rate of SSI but did not significantly
affect anastomotic leakage in this RCT. The microbiome
is the microbial ecosystem of the body and resides largely
in the digestive tract. In recent years, DNA and RNA
sequencing studies have revealed that the diversity
and metabolic interactions of this microbial commu-
nity greatly influence the development of infection
and disease16. When balance in the microbiome is lost
and potentially pathogenic microorganisms predominate
the bowel environment, a ‘disease-promoting micro-
biome’ occurs that facilitates the occurrence of disease
and infectious complications17. The vast majority of SSIs
following colorectal surgery are caused by endogenous
bacteria from the digestive tract18,19. The integrity of this
mucosal barrier is disrupted by opening the gut during
surgery. In addition, the composition of the microbiome
changes profoundly following colorectal surgery owing
to delayed or impaired gut peristalsis in the postoperative
phase20.

Experimental studies linking the microbiome and specific
pathogens to anastomotic leakage have been published21.
Recently, in an experimental study in rats, Olivas and
colleagues22 showed that the addition of Pseudomonas
aeruginosa in the bowel increased the anastomotic leakage
rate after colonic resection combined with radiotherapy
(common in rectal cancer) to 60 per cent, compared with
0 per cent in a control group that had resection and
radiotherapy alone. This was attributed to transformation
of P. aeruginosa to a tissue-destroying phenotype at the
anastomotic site. Leakage was virtually prevented when
expression of this phenotype was inhibited in P. aerug-
inosa, implying that microorganisms can have a direct
effect on anastomotic healing22. Comparable results were
found for Enterococcus faecalis, P. aeruginosa and Serratia

marcescens strains that showed increased virulence factors
contributing to anastomotic leakage16,23,24.

SDD is based on the administration of oral
non-absorbable antibiotics and fungicides to eliminate
potentially pathogenic microorganisms in the bowel9.
Infectious complications after colorectal surgery remain
a major source of postoperative morbidity, even in this
era of minimally invasive surgery. In the present trial, the
infectious complication rate was in accordance with that
found in other studies25, and was significantly reduced
by SDD.

In smaller single-centre studies, it was shown previously
that SDD decreases infectious complications in oesopha-
gogastric cancer surgery11,26. Roos and co-workers12,27

published a retrospective case–control study and a smaller
single-centre RCT of SDD in patients undergoing gas-
trointestinal surgery. Their RCT demonstrated a signifi-
cant decrease in infectious complications and anastomotic
leak rates as a combined endpoint in patients undergo-
ing various gastointestinal operations, including colorec-
tal, oesophageal and gastric resections for both benign and
malignant disease12.

Recently, two trials, one large retrospective US-based
study of the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP®)
database28 and a Chinese randomized trial25, indicated a
preventive role for SSI and anastomotic leakage with the
use of both mechanical bowel preparation (MBP) and oral
antibiotic. In the present study, MBP did not have this
effect on infections or anastomotic leakage in a multi-
variable logistic regression analysis. In the ACS-NSQIP®

study28, the use of oral antibiotics was at the preference
of the surgeon, and selection bias cannot be excluded.
Oral antibiotics used in the Chinese study25 were not
selective, but seemed to have an impact; however, the
sample size was small and thus the study was possibly
underpowered.

The present study has some limitations. Originally, it
was designed to show superiority of the addition of SDD
to standard antibiotic prophylaxis compared with standard
prophylaxis alone for the prevention of anastomotic leak-
age. The power analysis was based on published Dutch data
on the incidence of this complication. However, during
the trial recruitment period, the Dutch Surgical Colorec-
tal Audit reported that rates of anastomotic leakage were
lower than those reported when the trial was designed3. A
subsequent interim analysis showed that it would not be
possible to demonstrate superiority of SDD versus stan-
dard care in the prevention of anastomotic leakage. Hence,
the SELECT trial steering group decided to discontinue
the study. No placebo was included in the study design.

© 2019 BJS Society Ltd www.bjs.co.uk BJS 2019; 106: 355–363
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The primary endpoint of anastomotic leakage and the most
important secondary endpoint of infectious complications
are, however, not susceptible to a placebo effect because
they are hard endpoints.

A strength of this study is the effect of SDD on the
intestinal microbiota by IS profiling, a technique that
was shown recently29 to provide excellent and repro-
ducible microbiota profiles. This PCR-based profiling
technique for high-throughput analysis of the human
intestinal microbiota provides insight on a much more
detailed level than that provided by conventional
culture-based techniques15. IS profiling showed that
SDD was effective in reducing the load of Proteobacteria,
Enterobacteriaceae and E. coli, compared with those in the
control group.

No adverse effects attributable to the study medica-
tion were reported in this trial, and no infections with
multidrug-resistant microorganisms or C. difficile were
observed. The safety of SDD with respect to resistance
development has been shown in studies performed in ICU
populations30,31. Cost-effectiveness was not considered in
the present study, but de Smet et al.10 showed SDD to be
cost-effective in an ICU population; costs for SDD per
patient are around €40. In conclusion, SDD reduced infec-
tious complications after colorectal cancer resection but did
not significantly affect the rate of anastomotic leakage in
this trial.
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