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Abstract
Objective
To investigate whether oral antimicrobial prophylaxis 
as an adjunct to intravenous antibiotic prophylaxis 
reduces surgical site infections after elective 
colorectal surgery.
Design
Multicentre, randomised, double blind, placebo 
controlled trial.
Setting
11 university and non-university hospitals in France 
between 25 May 2016 and 8 August 2019.
Participants
926 adults scheduled for elective colorectal surgery.
Intervention
Patients were randomised to receive either a single 1 g 
dose of ornidazole (n=463) or placebo (n=463) orally 
12 hours before surgery, in addition to intravenous 
antimicrobial prophylaxis before surgical incision.
Main outcome measures
The primary outcome was the proportion of 
patients with surgical site infection within 30 
days after surgery. Secondary outcomes included 
individual types of surgical site infections and 
major postoperative complications (Clavien-Dindo 
classification grade 3 or higher) within 30 days after 
surgery.
Results
Of the 960 patients who were enrolled, 926 (96%) 
were included in the analysis. The mean age of 
participants was 63 years and 554 (60%) were men. 

Surgical site infection within 30 days after surgery 
occurred in 60 of 463 patients (13%) in the oral 
prophylaxis group and 100 of 463 (22%) in the 
placebo group (absolute difference −8.6%, 95% 
confidence interval −13.5% to −3.8%; relative risk 
0.60, 95% confidence interval 0.45 to 0.80). The 
proportion of patients with deep infections was 
4.8% in the oral prophylaxis group and 8.0% in the 
placebo group (absolute difference −3.2%, 95% 
confidence interval −6.4% to −0.1%). The proportion 
of patients with organ space infections was 5.0% in 
the oral prophylaxis group and 8.4% in the placebo 
group (absolute difference −3.4%, −6.7% to −0.2%). 
Major postoperative complications occurred in 9.1% 
patients in the oral prophylaxis group and 13.6% in 
the placebo group (absolute difference −4.5%, −8.6% 
to −0.5%).
Conclusion
Among adults undergoing elective colorectal surgery, 
the addition of a single 1 g dose of ornidazole 
compared with placebo before surgery significantly 
reduced surgical site infections.
Trial registration
ClinicalTrials.gov NCT02618720.

Introduction
Surgical site infection is among the most common 
healthcare related infections1 and is associated with 
increases in morbidity, readmission rates, mortality, and 
attributable healthcare costs.2-4 Patients who undergo 
colorectal surgery are particularly at risk of surgical site 
infection, with reported incidence rates of up to 26%.5 6

Intravenous antimicrobial prophylaxis against 
both aerobic and anaerobic bacteria is recommended 
to prevent surgical site infection after colorectal 
surgery.7-9 Several large retrospective database 
studies10-12 and meta-analyses13 14 reported that oral 
antimicrobial prophylaxis as an adjunct to intravenous 
antibiotic prophylaxis may help to further reduce 
surgical site infections after elective colorectal surgery. 
The results, however, have been controversial because 
many of these studies used oral antibiotics in addition 
to mechanical bowel preparation, making it unclear if 
the reduced infection was related to the oral antibiotics 
or the additional use of bowel preparation. Moreover, 
absence of benefit of mechanical bowel preparation 
compared with no bowel preparation, and concerns 
about possible harmful effects and discomfort for 
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What is already known on this topic
Intravenous antimicrobial prophylaxis is recommended in patients who undergo 
colorectal surgery—a patient population that is particularly at risk of surgical site 
infections
In a recent network meta-analysis, the use of oral antimicrobial prophylaxis in 
addition to intravenous antibiotics in patients undergoing colorectal surgery was 
associated with a statistically significant reduction in surgical site infections
The supporting evidence for that finding, however, remains limited

What this study adds
Compared with placebo, oral antimicrobial prophylaxis using a single dose of 
1 g ornidazole 12 hours before surgery as an adjunct to intravenous antibiotic 
prophylaxis resulted in significantly lower surgical site infections within 30 days
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patients, led to recommendations against the routine 
use of bowel preparation for colonic surgery.15 16 
Furthermore, one randomised trial of 417 patients 
who had colonic surgery identified no benefit from 
combined oral antibiotic prophylaxis and mechanical 
bowel preparation over no bowel preparation.17

Whether oral antimicrobial prophylaxis effectively 
prevents surgical site infection after colorectal surgery 
remains unclear, with differences in recommendations 
between organisations.7 8 A recently published 
network meta-analysis of randomised trials showed 
that the addition of oral antimicrobial prophylaxis to 
intravenous antibiotics was the best option to prevent 
surgical site infections after elective colorectal surgery, 
resulting in a reduction by more than 50%; suggesting 
that this issue is not definitively resolved.18 However, 
the supporting evidence is limited by the number of 
studies and patients included. Because evidence of 
a clear clinical benefit is lacking, we conducted the 
Comparison of Intravenous versus Combined Oral and 
Intravenous Antimicrobial Prophylaxis (COMBINE) 
trial to assess the effectiveness of oral antimicrobial 
prophylaxis as an adjunct to intravenous antibiotic 
prophylaxis to reduce surgical site infections after 
colorectal surgery compared with placebo.

Methods
Trial design and setting
We conducted a pragmatic, multicentre, randomised, 
double blind, placebo controlled trial in 11 academic 
teaching and non-academic hospitals in France from 
May 2016 to August 2019. The study protocol and 
statistical analysis plan were published before the end 
of enrolment.19 Written informed consent was obtained 
from all eligible patients before inclusion in the study. 
An independent data and safety monitoring board 
oversaw the conduct of the study and reviewed the 
interim analysis results so that the trial investigators 
were blinded. This study followed the consolidated 
standards of reporting trials (CONSORT) guideline.

Adults who were scheduled for elective laparoscopic 
or open colorectal surgery were eligible for 
participation. Patients were excluded if they were to 
undergo a concomitant surgical procedure (eg, hepatic 
resection for liver metastasis), had active bacterial 
infection at the time of surgery or had received 
antimicrobial treatment within two weeks before 
surgery, had inflammatory bowel disease, had a body 
mass index of 35 or higher, had known allergy to β 
lactams or imidazole antibiotics, had chronic kidney 
disease (glomerular filtration rate <30 mL/min/1.73 
m2), had a known allergy or intolerance to lactose 
or galactose, and were pregnant or breastfeeding. 
The supplementary file provides the complete list of 
exclusion criteria.

Randomisation and trial procedures
Eligible patients were randomly assigned (1:1) to 
receive a preoperative oral dose of either ornidazole—a 
nitroimidazole with activity against anaerobic bacteria, 
or placebo. Randomisation was performed centrally 

through a dedicated, password protected web based 
system. Treatment assignments were stratified with the 
use of a minimisation algorithm according to trial site, 
surgical technique (laparoscopic or open surgery), and 
skin antisepsis (chlorhexidine-alcohol or povidone-
iodine alcoholic solution). Study pharmacists prepared 
the ornidazole and placebo in identical opaque blister 
packs. All other staff, including investigators and 
research staff, clinical staff, surgeons, and patients 
were unaware of the trial group assignments.

Patients received a single 1 g dose of ornidazole or 
placebo orally 12 hours before surgery. A nurse controlled 
the receipt of the trial drug. All patients received the same 
intravenous antimicrobial prophylaxis, using a second 
generation cephalosporin with anaerobic activity 
(cefoxitin 2 g) as recommended,20 21 administered to all 
patients at least 30 minutes before skin incision, and 
readministered intraoperatively if the procedure lasted 
two hours or more. On 21 June 2018, after 629 patients 
had been enrolled, an update to French national 
clinical practice guidelines on antibiotic prophylaxis, 
external to the trial, substantially modified previous 
recommendations suggesting the addition of a single 
intravenous dose of 1g metronidazole to cefoxitin.22 
The data and safety monitoring board, the members 
of which were unaware of treatment assignments and 
outcome data, did not recommend stopping the trial or 
changing its conduct.

Site staff were instructed not to prepare the bowel 
before colonic surgery; however, given the pragmatic 
nature of the protocol, the operating surgeon ultimately 
made the decision about whether or not to perform bowel 
preparation. For rectal surgery, bowel preparation and 
retrograde rectal enema were recommended the day 
before surgery,23 and done according to the expertise 
of the staff at each study site and to routine clinical 
practice. All patients received skin preparation with an 
alcohol based antiseptic agent before surgical incision. 
All centres followed the enhanced recovery after 
surgery protocol.24 Laparoscopic and open surgery 
were allowed; the technique was not standardised. 
Additional patient care followed local protocols and 
established guidelines.

Outcome measures
The primary outcome was the proportion of patients 
with any surgical site infection within 30 days after 
surgery, as defined by the US Centers for Disease 
Control and Prevention criteria,25 and classified as 
superficial incisional, deep incisional, or organ space 
infection. The operating surgeons assessed surgical 
site infection during the hospital stay and at each 
follow-up visit. For patients discharged before day 
30, trial staff preformed weekly assessments during 
structured telephone interviews and arranged for in-
person clinical evaluations if infection was suspected 
(see supplementary material for further details). 
Whenever possible, clinically relevant microbiological 
samples were cultured.

The secondary outcomes included the proportion 
of patients with individual types of surgical 
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site infection; the proportion of patients with 
postoperative complications, defined as Clavien-
Dindo classification26; the proportion of patients 
with postoperative systemic inflammatory response 
syndrome or sepsis or septic shock within 30 days; 
postoperative cardiovascular complications within 30 
days; postoperative respiratory complications within 
30 days; postoperative acute kidney injury within 
30 days, defined according to the Kidney Disease: 
Improving Global Outcomes criteria; postoperative 
cardiovascular complications (arrhythmia, myocardial 
infarction, and acute cardiac failure) within 30 days; 
postoperative anastomotic leakage, reoperation, and 
surgical or endoscopic drainage within 30 days; the 

time to initiation of adjuvant chemotherapy; the need 
for unplanned hospital readmissions; unexpected 
admission to the intensive care unit; duration of 
hospital stay; hospital-free days to day 30; and all 
cause mortality within 30 and 90 days after surgery 
(see supplementary material for definitions of end 
points). Clinicians and research staff, who were 
unaware of the trial group assignments, obtained the 
data for outcome measures.

Statistical analysis
Assuming a 15% rate of surgical site infections 
with placebo,5 6 13 we estimated that enrolling 920 
patients would provide 80% power to detect a 40% 

Assessed for eligibility

Not randomised
Non-elective surgery
Planned concomitant surgical procedure
Active bacterial infection at time of surgery
Recent antibiotic exposure (<2 weeks)
Inflammatory bowel disease
Body mass index >35
Preoperative impairment in renal function
Participating in conflicting study
Declined to participate
Research staff unavailable or other reasons

28
102

2
10
41
60
15
21
45
18

Excluded
Withdrew consent
Did not receive placebo and
  intravenous antimicrobial prophylaxis

2
16

18

Excluded
Surgery cancelled
Violation of exclusion criteria
Did not receive placebo and received
  non-trial intravenous antibiotic

4
 15

8

27
Excluded

Surgery cancelled
Violation of exclusion criteria
Did not receive ornidazole and received
  non-trial intravenous antibiotic

3
17
11

31

Excluded
Withdrew consent
Did not receive ornidazole and
  intravenous antimicrobial prophylaxis

2
14

16

Randomised to oral ornidazole
479

Randomised to oral placebo
481

Included in modified intention-to-treat population
463

Included in modified intention-to-treat population
463

Assessed for primary outcome in
modified intention-to-treat population

463
Assessed for primary outcome in

modified intention-to-treat population

463

Assessed for primary outcome
in per protocol population

432
Assessed for primary outcome

in per protocol population

436

342

1302

Randomised
960

Fig 1 | Flow of participants through study. The per protocol population included patients from the modified intention-to-treat population, except 
those with one or more major protocol violations
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relative between group difference in the incidence of 
the primary outcome (ie, 15% in the placebo group 
and 9% in the oral ornidazole group),13 with a 5% 
two sided type I error. We inflated the sample size to 
960 patients to account for a 5% loss to follow-up. As 
prespecified in the study protocol, one interim analysis 
was planned after the enrolment of the first 460 
patients. The data and safety monitoring board did not 
recommend stopping the trial, and 960 patients were 
therefore included.

The planned approach to statistical analysis is 
published elsewhere.19 We analysed data in the 
modified intention-to-treat population, which was 
prespecified as all randomised patients who received a 
trial drug plus intravenous antimicrobial prophylaxis, 
with the exception of those who withdrew consent. 
We also analysed one per protocol population, which 
included patients from the modified intention-to-
treat population except those with one or more major 
protocol violations.

An unadjusted χ2 test was used to compare the 
primary outcome between the two groups. Other 
binary outcomes were tested using an unadjusted χ2 

test or Fisher’s exact test as appropriate. Results are 
reported as absolute differences and relative risks with 
95% confidence intervals. Multivariable logistic mixed 
regression was used to identify prespecified covariates 
with a known association with the primary outcome 
(selected if the P value was <0.10 in the bivariable 
analysis) in addition to the stratification variables. 
We assessed multicollinearity between variables by 
computing the variance inflation factor and using the 
Farrar-Glauber test. The Akaike information criterion 
and bayesian information criterion were calculated 
and used as model diagnostics to determine how 
well the model fit improved after the addition of 
covariates. Adjusted analyses were performed with 
the use of robust random effect Poisson generalised 
linear mixed model regression with robust variance for 
binary outcomes,27 multinomial logistic mixed model 
for categorical outcomes, and linear mixed regression 
for continuous outcomes, with study site as a random 
effect. Time to event was compared between the two 
groups using the Kaplan-Meier method. A marginal 
Cox proportional hazards model was used to estimate 
hazard ratios and corresponding 95% confidence 
intervals. The proportional hazard hypothesis was 
evaluated using the Schoenfeld test and plotting 
residuals.

We conducted two prespecified subgroup analyses 
of the primary outcome in subgroups with mechanical 
bowel preparation versus without and with colonic 
surgery versus rectal surgery. Interaction terms in the 
random effect regression model were used to test for 
heterogeneity of effect between subgroups.

A post hoc analysis was conducted to test for a 
difference in treatment effect during the conduct of 
the trial in relation to publication of the update to 
French guidelines (before versus after publication 
update). We also conducted a post hoc analysis to 
investigate a potential treatment effect resulting from 
non-compliance with bowel preparation. No correction 
for multiple testing was applied in the analyses of 
secondary outcomes or subgroups. Complete case 
analysis was performed for all outcomes. We did not 
compensate for dropouts. A two sided P value of <0.05 
was considered to indicate statistical significance. All 
analyses were generated with the use of Stata software, 
version 15.0 (StataCorp).

Patient and public involvement
Except for providing written informed consent before 
participation, patients and members of the public were 
not involved in the design or conduct of this study, 
because it was not customary for them to be involved 
in the design of scientific studies when the study was 
started. Patients will be consulted to assist with the 
dissemination of the study findings.

Results
From 25 May 2016 to 8 August 2019, 960 patients 
provided informed consent and were enrolled in the 
trial: 479 were randomly assigned to oral prophylaxis 
and 481 to placebo. After withdrawals (16 patients 

Table 1 | Baseline characteristics of participants in modified intention-to-treat 
population. Values are numbers (percentages) unless stated otherwise

Characteristics
Oral prophylaxis group 
(n=463)

Placebo group 
(n=463)

Mean (SD) age (years) 63 (13) 63 (13)
Men 262 (57) 292 (63)
Mean (SD) weight (kg) 74 (15) 75 (15)
Mean (SD) body mass index 26 (4) 26 (4)
ASA physical status classification*:    
  1 101/462 (22) 101/461 (22)
  2 272/462 (59) 260/461 (56)
  3 86/462 (18) 94/461 (20)
  4 3/462 (1) 6/461 (2)
Medical history:    
  Hypertension 199 (43) 198 (43)
  Diabetes mellitus 69 (15) 71 (15)
  Coronary artery disease 32 (7) 56 (12)
  Chronic pulmonary disease 22 (5) 33 (7)
Current smoker 71 (15) 78 (17)
Any alcohol intake 34 (7) 39 (8)
Disease related malnutrition 31 (7) 20 (4)
History of multidrug resistant bacteria 2 (1) 3 (1)
Antibiotic use within 3 months before surgery 53 (11) 56 (12)
Adjuvant chemotherapy or radiotherapy 113 (24) 110 (24)
Drugs used at time of surgery:    
  Corticosteroid 11 (2) 15 (3)
  Non-steroidal anti-inflammatory drug 5 (1) 13 (3)
Indication for surgery:    
  Colorectal cancer 351 (76) 356 (77)
  Diverticulitis 78 (17) 70 (15)
  Other condition 34 (7) 37 (8)
Skin preparation:    
  Chlorhexidine-alcohol 43 (9) 48 (10)
  Povidone-iodine alcohol 420 (91) 415 (90)
Mechanical bowel preparation: 153 (33) 160 (35)
  Polyethylene glycol 64/151 (42) 57/157 (36)
  Senna solution 87/151 (58) 100/157 (64)
Retrograde enema 199 (43) 210 (45)
ASA=American Society of Anesthesiology.
Only male sex (P=0.04) and coronary artery disease (P=0.007) differed significantly.
Percentages may not total 100 because of rounding.
*Data on the ASA physical status class were missing for two participants in the placebo group and one 
participant in the oral prophylaxis (ornidazole) group.
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in the oral prophylaxis group and 18 in the placebo 
group), 926 patients (463 assigned to oral prophylaxis 
and 463 assigned to placebo) were included in the 
analysis (fig 1). Baseline characteristics of both groups, 
with the exception of men and coronary artery disease 
both of which were more frequent in the placebo 
group, and other aspects of perioperative management 
were comparable (table 1 and table 2, also see 
supplementary table S1). In the overall population, 
64% of patients underwent colon resection and 
36% underwent rectal resection; 74% of the surgical 
procedures were performed laparoscopically. Among 
the 597 patients (301 in the oral prophylaxis group 
and 296 in the placebo group) who underwent colon 
surgery, 103 (17.3%) received bowel preparation 
(53 patients in the oral prophylaxis group and 50 
patients in the placebo group). The mean time from 
oral prophylaxis or placebo to skin incision was 13 
hours and from intravenous antimicrobial prophylaxis 

to skin incision was 37 minutes, without significant 
differences between the groups.

Primary outcome
Surgical site infections within 30 days after surgery 
occurred in 60 of 463 patients (13.0%) with oral 
prophylaxis and in 100 of 463 patients (21.6%) with 
placebo (absolute difference −8.6%, 95% confidence 
interval −13.5% to −3.8%; relative risk 0.60, 95% 
confidence interval 0.45 to 0.80). Supplementary table 
S2 shows the results of associated univariable and 
multivariable analyses. The result was unaffected by 
adjustment for stratification variables and covariates 
(adjusted relative risk 0.62, 95% confidence interval 
0.44 to 0.46) (see supplementary table S3). Similar 
results were obtained in the per protocol population 
(see supplementary tables S4-S6). Figure 2 shows the 
times to surgical site infection.

Secondary outcomes
Table 3 shows predefined secondary outcomes. 
Significant differences were found between the oral 
prophylaxis and placebo groups for occurrence of 
deep infections (4.8% v 8.0%; relative risk 0.54, 95% 
confidence interval 0.31 to 0.92) and organ space 
infections (5.0% v 8.4%; 0.53, 0.31 to 0.91). Adjusted 
analyses yielded similar results (see supplementary 
table S3). Fewer patients in the oral prophylaxis 
group than placebo group developed major (Clavien-
Dindo grade ≥3) complications within 30 days after 
surgery (relative risk 0.67, 0.46 to 0.96). Similarly, 
clinically meaningful between group differences were 
found for anastomotic leakage and sepsis or septic 
shock (table 3). Death within 30 days did not differ 
between the two groups. No serious adverse event from 
trial drugs was reported by the investigator in either 
group. Supplementary table S7 shows the spectrum 
of pathogens isolated from patients with surgical site 
infection.

Heterogeneity existed between the oral prophylaxis 
and placebo groups and bowel preparation for surgical 
site infection (9.8% v 29.3%; difference −19.6% (95% 
confidence interval −28.1% to −11.1%) in patients who 
received mechanical bowel preparation and 14.5% v 
17.5%; difference −2.9% (−8.8% to 2.8%) in patients 
who did not receive mechanical bowel preparation; P 
for interaction=0.006) (fig 3). We found no evidence of 
a differential effect according to type of surgery (colon 
versus rectum resection; P for interaction=0.49).

Post hoc analysis
We found no significant interaction between treatment 
groups in relation to update of the French guidelines 
(before versus after publication update) for surgical site 
infection (P for interaction=0.87) (see supplementary 
materials).
We also conducted a post hoc analysis to investigate 
a potential treatment effect resulting from non-
compliance with bowel preparation. Similar results 
to the primary analysis were found in a per protocol 
analysis excluding all patients (30 patients in 

Table 2 | Surgical and other perioperative characteristics of participants in modified 
intention-to-treat population. Values are numbers (percentages) unless stated otherwise

Characteristics
Oral prophylaxis group 
(n=463) Placebo group (n=463)

Mean (SD) time from intervention dose to skin 
incision (hours)

13.0 (1.3) 13.1 (1.2)

Mean (SD) time from intravenous antimicrobial 
prophylaxis to skin incision (minutes)*

36.8 (22.0) 37.7 (24.2)

Type of surgery:    
  Colectomy 301/463 (65) 296/463 (64)
  Right hemicolectomy 121/301 (40) 110/296 (37)
  Left hemicolectomy 164/301 (54) 169/296 (57)
  Transverse colectomy 28/301 (9) 23/296 (8)
  Total colectomy 8/301 (3) 12/296 (4)
  Rectal resection 162/463 (35) 167/463 (36)
Surgical method:    
  Open 60 (13) 57 (12)
  Laparoscopic assisted 337 (73) 344 (74)
  Laparoscopy converted to open 66 (14) 62 (14)
Type of anastomosis:    
  Stapled 326/437 (75) 331/430 (77)
  Handsewn 111/437 (25) 99/430 (23)
Ileostomy or colostomy performed 154 (33) 153 (33)
Abdominal surgical drain used 200 (43) 192 (41)
Median (IQR) duration of surgery (minutes)† 211 (160-280) 201 (159-270)
Median (IQR) volume of intravenous fluid (mL):    
  Crystalloid 2000 (1500-2500) 2000 (1500-2500)
  Colloid 500 (500-1000) 500 (500-1000)
Median (IQR) infusion rate (mL/kg/h) 7.6 (6.0-10.3) 8.0 (6.0-11.0)
Cardiac output monitoring used 94/463 (20) 112/463 (24)
Median (IQR) FiO2 (%):    
  Start of surgery 44 (40-50) 45 (40-50)
  End of surgery 45 (40-51) 45 (39-51)
Mean (SD) core temperature at end of surgery 
(°C)

36 (1) 36 (1)

Received dexamethasone 314 (68) 320 (69)
Received intravenous lidocaine 351 (76) 330 (71)
Median (IQR) intraoperative blood loss (mL) 150 (100-300) 150 (100-300)
Red blood cell transfusion during surgery 17 (4) 14 (3)
Postoperative lidocaine used 150 (32) 133 (29)
Postoperative epidural analgesia used 57 (12) 60 (13)
Planned postoperative care in HDU or ICU 117 (25) 110 (24)
FiO2=fraction of inspired oxygen; HDU=high dependency unit; ICU=intensive care unit; IQR=interquartile range; 
SD=standard deviation.
Percentages may not total 100 because of rounding.
*Data were missing for 25 patients in the oral prophylaxis group and 20 patients in the placebo group.
†Data were missing for three patients in the placebo group.  on 28 June 2023 by guest. P
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the oral prophylaxis group and 35 patients in the 
placebo group) who did not fully comply with bowel 
preparation (12.7% v 22%; unadjusted relative risk 
0.58, 95% confidence interval 0.43 to 0.78; adjusted 
relative risk 0.59, 95% confidence interval 0.46 to 

0.77). Detection of a treatment effect would have 
suggested uncontrolled confounding.

Discussion
Principal findings
In this multicentre pragmatic double blind randomised 
trial involving patients undergoing elective colorectal 
surgery, adding a single dose of 1 g ornidazole 12 
hours before surgery as an adjunct to intravenous 
antibiotic prophylaxis resulted in a significantly 
lower rate of surgical site infection within 30 days 
after surgery compared with placebo. Compared with 
those assigned to placebo, participants assigned to 
oral prophylaxis had a 40% lower relative risk of 
surgical site infection; in addition, the oral prophylaxis 
group had lower rates of other secondary outcomes, 
including major postoperative surgical complications 
(33% lower relative risk). The findings suggest that the 
effect of oral prophylaxis versus placebo was attributed 
mostly to a reduction in the rates of deep and organ 
space surgical site infections.

Comparison with other studies
The overall incidence of surgical site infection in our 
study (17.3%) was slightly higher than hypothesised 
but consistent with rates reported in previous trials 
(ranging from 7% to 26%).5 6 17 28 A possible explanation 
is the 35.5% proportion of rectal procedures in this 
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Fig 2 | Kaplan-Meier probability of surgical site infection (modified intention-to-treat 
population). Raw data for the Kaplan-Meier probability of surgical site infection were 
censored at 30 days after surgery (hazard ratio with oral prophylaxis versus placebo 
0.57, 95% confidence interval 0.43 to 0.78). The Cox proportional-hazards model was 
unadjusted

Table 3 | Primary and secondary outcomes of participants in modified intention-to-treat population. Values are numbers (percentages) unless stated 
otherwise
Outcomes Oral prophylaxis group (n=463) Placebo group (n=463) Relative risk (95% CI)* P value
Primary outcome        
Any surgical site infection within 30 postoperative days 60 (13.0) 100 (21.6) 0.60 (0.45 to 0.80) 0.001
Secondary outcomes†        
Superficial incisional infection 15 (3.2) 24 (5.2) 0.56 (0.29 to 1.09) 0.09
Deep incisional infection 22 (4.8) 37 (8.0) 0.54 (0.31 to 0.92) 0.03
Organ space infection 23 (5.0) 39 (8.4) 0.53 (0.31 to 0.91) 0.02
SIRS 96 (20.7) 122 (26.4) 0.79 (0.62 to 0.99) 0.045
Sepsis or septic shock 26 (5.6) 42 (9.1) 0.62 (0.39 to 0.99) 0.046
Arrhythmia 84 (18.1) 76 (16.4) 1.11 (0.83 to 1.47) 0.49
Acute heart failure 1 (0.2) 0 (0.0) NA 1.00
Myocardial infarction 0 (0.0) 1 (0.2) NA 1.00
Pneumonia 13 (2.8) 6 (1.3) 2.17 (0.83 to 5. 65) 0.11
Postoperative mechanical ventilation 9 (1.9) 15 (3.2) 0.60 (0.27 to 1.36) 0.22
Acute kidney injury 61 (13.2) 63 (13.6) 0.97 (0.70 to 1.34) 0.85
Clavien-Dindo classification grade:        
  1 or 2 188 (40.6) 181 (39.1) 0.98 (0.74 to 1.29) 0.86
  ≥3 42 (9.1) 63 (13.6) 0.63 (0.41 to 0.97) 0.03
Anastomotic leakage 22 (4.8) 37 (8.0) 0.59 (0.36 to 0.99) 0.046
Reoperation 35 (7.6) 49 (10.6) 0.71 (0.47 to 1.08) 0.11
Surgical or endoscopic drainage 3 (0.7) 7 (1.5) 0.43 (0.11 to 1.65) 0.20
Mean (SD) time from randomisation to adjuvant chemotherapy 
initiation (days)

20 (5) 22 (6) NA 0.47

Unplanned hospital readmission 30 (6.5) 30 (6.5) 1 (0.61 to 1.63) 1.00
Unplanned admission to ICU 1 (0.2) 5 (1.1) 0.20 (0.02 to 1.71) 0.14
Median (IQR) duration of hospital stay (days) 6 (5-10) 7 (5-11) NA 0.48
Median (IQR) hospital-free days at 30 days (days) 24 (20-25) 23 (19-25) NA 0.48
Death:        
  At 30 days 2 (0.4) 5 (1.1) 0.40 (0.08 to 2.05) 0.27
  At 90 days 5 (1.1) 10 (2.2) 0.50 (0.17 to 1.45) 0.20
CI=confidence interval; ICU=intensive care unit; IQR=interquartile range; NA=not applicable; SIRS=systemic inflammatory response syndrome.
*Relative risk is for oral prophylaxis group compared with placebo group. Confidence intervals were not adjusted for multiple comparisons of other secondary outcomes; thus these analyses are 
exploratory and should not be used to infer definitive treatment effects. Supplementary table S3 shows the results of adjusted outcome analyses.
†All secondary outcomes, except 90 day mortality, were assessed up to 30 days after surgery.
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study. Rectal resection is associated with a higher risk 
of anastomotic leakage and surgical site infections 
than would be expected after intraperitoneal colon 
resection.29

Previous meta-analyses of randomised trials have 
suggested that use of oral antibiotics, whether alone 
or in combination with mechanical bowel preparation, 
is associated with lower rates of surgical site 
infections.13  14 30 These trials had several limitations 
however, including the main use of open surgery, 
which may be associated with a greater risk of surgical 
site infection than laparoscopic surgery,31 and, in 
many of these trials, the postoperative continuation 
of antibiotic prophylaxis—a strategy that is no longer 
recommended.32 Also, the oral antibiotics, dosages, 
and timings varied across studies, making the results 
difficult to translate into clinical practice. Several 
antibiotic regimens have been previously evaluated 
for oral prophylaxis.13 Although nitroimidazole 
derivatives in combination with aminoglycosides 
were frequently used, no clear evidence exists on 
which preferred type and dosage of oral antibiotics 
should be used before colorectal surgery.8 Antibiotics 
with the narrowest possible spectrum should be used 
to produce as little inadvertent damage as possible 
to the endogenous microflora, which provides a 
natural resistance to colonisation, and to reduce the 
emergence of resistant organisms. In our study, we 
assessed the effect of a single preoperative oral dose 
of 1 g ornidazole, which has a spectrum of activity 
extended to most anaerobes encountered in the 
colon and the rectum, has a longer elimination half 
life than other nitroimidazole derivatives (especially 
metronidazole)—the pharmacokinetic profile of which 
allows a single dose to be administered the day before 
surgery, and is widely available. Additionally, no 
serious adverse event was recorded in our study.

A major component of the controversy about oral 
antimicrobial prophylaxis is the use of mechanical 
bowel preparation. In our pragmatic randomised study, 

bowel preparation was used in accordance with current 
practice, which states that bowel preparation should be 
avoided before colonic surgery but might be beneficial 
in patients having rectal resections.23 However, the 
treatment effect showed heterogeneity, suggesting 
that in patients who received mechanical bowel 
preparation, an excess risk of surgical site infection 
might be associated with placebo (versus ornidazole). 
In patients who did not undergo bowel preparation, 
we found no evidence of a difference in risk of surgical 
site infection between placebo and ornidazole. Finally, 
the combination of ornidazole and mechanical bowel 
preparation seems to be associated with the lowest risk 
of surgical site infection. The findings in the present 
study contrast with those of the recent MOBILE study 
in patients having elective colon resection, in which 
mechanical and oral antibiotic bowel preparation 
was not associated with a reduced rate of surgical 
site infections or overall morbidity compared with no 
bowel preparation.17 In another multicentre, single 
blind, randomised trial of 565 patients who did not 
receive bowel preparation, oral antibiotic prophylaxis 
was associated with a reduced rate of surgical site 
infections; this study did not, however, include rectal 
surgery.33 In our study, the effects of oral prophylaxis 
in the prespecified subgroup analysis did not differ 
between the groups who underwent colonic surgery 
and rectal surgery. The number of patients who had 
rectal surgery was, however, too low to draw definite 
conclusions.8 9

Strengths and limitations of this study
The strengths of our study include the large sample 
size and the multicentred and pragmatic design with 
maintenance of usual care, including compliance 
with the programme for early recovery after surgery. 
Moreover, unlike previously available published 
studies, our trial was not restricted to colonic surgeries, 
allowing the findings to be generalisable to colorectal 
surgery overall.

All patients

Mechanical bowel preparation

  Yes

  No

Type of surgery

  Colectomy

  Rectal resection

0.60 (0.45 to 0.80)

0.33 (0.20 to 0.57)

0.83 (0.58 to 1.19)

0.66 (0.44 to 0.98)

0.54 (0.35 to 0.83)

0.125 0.25 0.5 21

Subgroup

Oral prophylaxis
better

Placebo
better

Relative risk
(95% CI)

Relative risk
(95% CI)

60/463

15/153

45/310

35/301

25/162

Oral prophylaxis
group

100/463

47/160

53/303

52/296

48/167

Placebo
group

0.006

0.490

P value for
interaction

No of patients with event/
Total No of patients

Fig 3 | Relative risks with 95% confidence intervals for the primary outcome of surgical site infection within 30 days after surgery in the oral 
prophylaxis group and placebo group, among all patients and in the two predefined subgroups. The widths of the confidence intervals for subgroup 
analyses were not adjusted for multiplicity and should not be used to infer definitive treatment effects. Mechanical bowel preparation consisted of 
polyethylene glycol or senna solution
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Limitations must also be considered. Firstly, protocol 
deviations could have biased the analyses. Non-
adherence to the allocated trial intervention is unlikely 
to have affected the results, however, because the per 
protocol analysis, from which these patients were 
excluded, supported the primary analysis. Mechanical 
bowel preparation may potentially have biased the 
estimate of treatment effect in our trial. However, our 
results were robust in an analysis excluding patients 
who did not fully comply with bowel preparation. 
Secondly, we did not assess all cointerventions during 
the trial that might have influenced the risk of surgical 
site infection, such as glycaemic control or preoperative 
bathing during the trial period. The trial was, however, 
blinded and randomisation was stratified; it is less 
likely that any imbalance in cointerventions affected 
the results. Thirdly, although cefoxitin has both aerobic 
and anaerobic activity, because of increasing resistance 
of anaerobes (including Bacteroides) to second 
generation cephalosporins, its use for intravenous 
antibiotic prophylaxis could have been suboptimal. 
This may limit external validity, as currently guidelines 
for preoperative prophylaxis include enhanced 
anaerobic coverage. Whether the effect for the oral 
antimicrobial prophylaxis results from improved 
anaerobic coverage or from an additional decrease in 
the bioburden from oral antibiotics deserves further 
evaluation. Fourthly, one third of the participants had 
rectal surgery. Although the exclusion of participants 
who were candidates for rectal surgery might have 
enhanced the study design, we aimed to evaluate 
whether the intervention effect would be consistent 
across colorectal procedures. The subgroup analysis 
suggested that oral antibiotic prophylaxis might be 
equally beneficial to patients having colon and rectal 
procedures. A further anticipated limitation, owing 
to possible pharmacokinetic and pharmacodynamic 
modifications, was the exclusion of patients with a 
body mass index of 35 or higher, even though obese 
patients are at increased risk of surgical site infection. 
However, the participants in our trial had baseline 
characteristics, including mean body mass index, that 
were similar to those of participants in previous studies. 
Finally, generalisability to populations not included in 
the trial, such as patients with inflammatory bowel 
diseases, remains to be evaluated.

Conclusion
In this large pragmatic multicentre trial in patients 
undergoing elective colorectal surgery, the use of oral 
antimicrobial prophylaxis with a single oral dose of 
1 g ornidazole compared with placebo as an adjunct 
to intravenous antibiotic prophylaxis resulted in a 
significantly lower rate of surgical site infection within 
30 days after surgery.
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