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Protocol

Abstract
Introduction  Surgical site infections (SSIs) account for 
30% of all healthcare-associated infections, with reported 
rates ranging from 8% and 30% after colorectal surgery 
and are associated with increased morbidity and mortality 
rates, length of hospital stay and costs in healthcare. 
Administration of systemic antimicrobial prophylaxis before 
surgery is recommended to reduce the risk of SSI, but 
the optimal regimen remains unclear. We aim to evaluate 
whether a combined oral and intravenous antimicrobial 
prophylaxis could be more effective to reduce the 
incidence of SSI after colorectal surgery, as compared 
with the standard practice of intravenous antimicrobial 
prophylaxis alone.
Methods and analysis  Comparison of intravenous 
versus combined oral and intravenous antimicrobial 
prophylaxis (COMBINE) trial is a randomised, placebo-
controlled, parallel, double-blind, multicentre study of 960 
patients undergoing elective colorectal surgery. Patients 
will be randomly allocated in a 1:1 ratio to receive either 
combined oral and intravenous antimicrobial prophylaxis or 
intravenous antibiotic prophylaxis alone, stratified by centre, 
the surgical procedure (laparoscopic or open surgery) and 
according to the surgical skin antisepsis (chlorexidine–
alcohol or povidione-iodine alcoholic solution). The primary 
endpoint is the rate of SSI by day 30 following surgery, with 
SSI defined by the criteria developed by the Centers for 
Disease Control and Prevention. Data will be analysed on 
the intention-to-treat principle and a per-protocol basis.
Ethics and dissemination  COMBINE trial has been 
approved by an independent ethics committee for all 
study centres. Participant recruitment began in May 2016. 
Results will be published in international peer-reviewed 
medical journals.

Trial registration number  EudraCT 2015-002559-84; 
NCT02618720.

Background 
Surgical site infections (SSIs) account for 
30% of all healthcare-associated infections 
among hospitalised patients, and up to 5% 
of surgical patients.1 2 SSIs are a particularly 
significant problem in colorectal surgery, 
with reported rates between 8% and 30%.3–6 
SSIs are associated with a longer hospital stay, 
a fivefold likelihood of postoperative read-
mission after hospital discharge and a twofold 
to threefold increase in costs of care,6–9 and 

Strengths and limitations of this study

►► Comparison of intravenous versus combined 
oral and intravenous antimicrobial prophylaxis 
(COMBINE) trial is the first randomised, place-
bo-controlled, double-blind study evaluating the ef-
fect of combined oral and intravenous antimicrobial 
prophylaxis in colorectal surgery.

►► The multicentre design, broad inclusion criteria, 
large sample size (960 patients) and follow-up will 
support external validity.

►► The primary endpoint is defined according to 
well-defined and internationally validated criteria.

►► Unknown whether results can be extrapolated to 
other patients, especially those with inflammatory 
bowel disease or obesity.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-020254
http://dx.doi.org/10.1136/bmjopen-2017-020254
http://dx.doi.org/10.1136/bmjopen-2017-020254
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2017-020254&domain=pdf&date_stamp=2018-04-11
NCT02618720
NCT02618720
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are an independent predictor of mortality in surgical 
patients.10 

As reiterated by the 2016 WHO guidelines,11 admin-
istration of systemic antimicrobial prophylaxis before 
surgical incision, aimed at reducing the bacterial load at 
a level that is no longer sufficient to establish an infec-
tion, is recommended to reduce the risk of SSI.11 The 
antibiotic specificity and appropriate timing of adminis-
tration have been identified as key factors for improving 
the efficacy of antimicriobial prophylaxis.12 In elective 
colorectal surgery, a spectrum of coverage of both aerobic 
and anaerobic species is recommended.13 Finally, antibi-
otics with the narrowest possible spectrum should be used 
to produce as little collateral damage as possible to the 
endogenous microflora,14 which provides a natural colo-
nisation resistance, to reduce the emergence of resistant 
organisms and to spare broader drugs for treatment of 
infections. Single-shot first-generation or second-genera-
tion cephalosporins initiated within 2 hours of skin inci-
sion are currently recommended as the drug of choice 
for routine antimicrobial prophylaxis in colorectal 
surgery.15 However, recent data have shown that, despite 
an increase in compliance with antimicrobial prophylaxis 
and adherence to preventive measures, the prevalence of 
SSI remains high in elective colorectal surgery.16 17

Data from large retrospective analyses18–20 and two 
randomised clinical trials (RCTs)21 22 suggested that the use 
of oral antibiotic prophylaxis, in addition to conventional 
intravenous antimicrobial prophylaxis, could reduce the 
incidence of SSI in elective colorectal surgery. In a recent 
multicentre, open-label randomised controlled trial of 
579 patients undergoing laparoscopic colorectal surgery, 
Hata and colleagues21 found that, compared with intrave-
nous antimicrobial prophylaxis alone, a combination of 
oral antibiotic (the day before surgery) and intravenous 
systemic antibiotic administration during surgery signifi-
cantly reduced the risk of SSI (OR 0.536, 95% CI 0.305 
to 0.940). Previous meta-analyses also suggested a signif-
icant benefit of oral antibiotic administration in patients 
undergoing colorectal surgery.23–25 In the Cochrane 
review published in 2014, including data from 15 RCTs 
published between 1979 and 2007, the authors found that 
combined oral and intravenous antibiotic prophylaxis 
could reduce the risk of SSI by as much as 75% (relative 
risk 0.55 (95% CI 0.43 to 0.71)) compared with intrave-
nous antibiotic administration alone. However, previous 
studies have several limitations precluding extrapolation 
of data into routine care, including (1) the use of more 
than a single preoperative dose in some studies, which 
is no longer recommended in elective surgery and may 
increase the risk of development of resistant bacteria and 
Clostridium difficile colitis26 27; (2) the use of antibiotics for 
oral prophylaxis that are no longer available; (3) only a 
few studies focused specifically on colorectal surgery; (4) 
only few data are available regarding the difference in 
incidence of SSI between laparoscopy, whose frequency 
of use is increasing in colorectal surgery, and open 
surgery; and (5) most studies did not include enhanced 

recovery after surgery (ERAS) programme, which was 
found to reduce the incidence of postoperative infection 
as compared with standard practice. Finally, and impor-
tantly, most available evidence on the benefit of combined 
oral and intravenous antimicrobial prophylaxis was 
obtained from studies in which mechanical bowel prepa-
ration was performed before surgery. Since most recent 
trials28 and meta-analyses29 30 have challenged the efficacy 
and safety of mechanical bowel cleansing before colonic 
surgery, related principally to septic risk after surgery, it is 
not known whether oral antibiotics would still be effective 
when the colon is not empty.

Given the high prevalence and the financial burden 
of SSI, the increasing number of colorectal surgery 
that are performed annually worldwide justifies a large 
randomised controlled trial to answer this question. The 
aim of the comparison of intravenous versus combined 
oral and intravenous antimicrobial prophylaxis 
(COMBINE) trial is to assess the effects of a combined 
oral and intravenous antimicrobial prophylaxis with that 
of intravenous antimicrobial prophylaxis alone (standard 
of care) in adult patients undergoing elective colorectal 
surgery. We hypothesise that a combined oral and intra-
venous antimicrobial prophylaxis could be more effec-
tive than intravenous antimicrobial prophylaxis alone at 
reducing the incidence of SSI within 30 days after elective 
colorectal surgery.

Methods and analysis
Trial design and setting
COMBINE (intravenous versus combined oral and intra-
venous antimicrobial prophylaxis for the prevention of 
SSI in elective colorectal surgery) study is an investigator 
initiated, national, multicentre, randomised, double-
blinded, placebo-controlled, stratified, parallel group clin-
ical trial with concealed allocation of patients scheduled 
to undergo elective colorectal surgery 1:1 to combined 
oral and intravenous antimicrobial prophylaxis or intra-
venous antimicrobial prophylaxis alone (figure  1). The 
Standard Protocol Items: Recommendations for Inter-
ventional Trials 2013 Checklist was used to ensure that 
recommended items in a clinical trial were addressed.31 
The trial will take place at 14 universitary and non-uni-
versitary centres. All participating centres perform more 
than 200 colorectal surgical procedures per year.

Participant eligibility and consent
Trial site investigators will identify consecutive eligible 
patients from the listed criteria. Eligible patients will 
receive written and oral information and will be included 
after investigators have obtained informed written 
consent.

Inclusion criteria
1.	 adult (18 years or older) patients admitted to the par-

ticipating centre
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2.	 scheduled to undergo laparoscopic or open elective 
colorectal surgery

3.	 From whom written informed consent is obtainable.

Exclusion criteria
Patients presenting with one of the following criteria will 
not be included in the trial:
1.	 non-elective colorectal surgery (emergent surgery 

and/or reintervention or revision of a previous col-
orectal procedure

2.	 relevant concomitant surgical procedure (eg, liver 
resection)

3.	 active bacterial infection at the time of surgery or 
recent antimicrobial therapy (up to 2 weeks before 
surgery)

4.	 inflammatory bowel disease
5.	 severe obesity (defined by a body mass index greater 

than 35 kg/m2)
6.	 known history of hypersensitivity to β-lactams and 

imidazoles
7.	 preoperative severe impairment in renal function 

(defined by a glomerular filration rate (Modification 
of Diet in Renal Disease) lower than 30 mL/
min/1.73 m2)

8.	 patients with known infection or colonisation by mul-
tidrug-resistant digestive bacteria, especially multi-
drug-resistant Gram-negative bacteria

9.	 known allergy to lactose, galactose intolerance, lactase 
deficit or glucose and/or galactose malabsorption

10.	 pregnant women, breastfeeding women  and 
childbearing potential women without effective 
contraceptive

11.	 protected major (guardianship)
12.	 refusal to participate or inability to provide informed 

consent.

Assignment of interventions
Randomisation
After patient informed consent is obtained, enrolled 
patients will be randomly allocated to receive either 
combined oral and intravenous antimicrobial prophy-
laxis or intravenous antibiotic prophylaxis alone in a 1:1 
ratio. Randomisation will be conducted over a dedicated, 
password-protected, SSL-encrypted website (CSOnline, 
Clinsight) to allow concealed allocation. Each patient will 
be given a unique patient  number and randomisation 
number. The allocation sequence will be generated with 
the use of a minimisation algorithm stratified according 
to centre, the surgical technique (laparoscopic or open 
surgery) and according to the preoperative skin anti-
sepsis (chlorexidine–alcohol or povidione-iodine alco-
holic solution). The participant allocation will be carried 
out by local investigators who will log into the randomis-
ation system using a personal ID code and will enter any 
relevant information.

Blinding
Participants will be given blinded medication. Trial medica-
tion (ornidazole and placebo) are visually identical and will 

Figure 1  Flow diagram of the COMBINE trial. IV, intravenous.
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be packaged into opaque and indistinguishable blister packs 
by the pharmacist of the coordinating centre and delivered 
to each specific study site. Only the pharmacy of the study 
coordinating centre will be aware of the blister composition 
(coding list). The receipt, storage and dispensing of the 
blinded trial medication will be conduced by the pharmacy 
department in each individual study site. The allocation 
of trial medication will be determined by the web-based 
randomisation system. Each study site will have sufficient 
blister packs to be allocated to patients included. This will 
ensure that the patient will receive only the antimicrobial 
prophylaxis that he or she was randomised to receive. The 
allocated trial medication will be blinded to the patient, the 
clinical staff caring for the patient, the investigators, the 
outcome assessors, the data manager, and the statistician 
conducting the analyses.

At each participating centre, data will be collected 
and entered into the web-based  electronic case report 
form (eCRF) by trial or clinical trained personal (clinical 
research associate), blinded to the allocation group, under 
the supervision of the trial site investigators.

Study intervention
All included patients will be allocated to one of the 
following two study groups (figure 1):

►► Combined oral and intravenous antimicrobial prophylaxis 
(intervention group): patients will receive a single oral 
dose of 1 g ornidazole at 12 hours before surgery in 
combination with intravenous dose of 2 g cefoxitin at 
least 30 min before surgical incision.

►► Intravenous antimicrobial prophylaxis (control group): 
patients will receive a single oral dose of placebo at 
12 hours before surgery in combination with intra-
venous dose of 2 g cefoxitin at least 30 min before 
surgical incision.

In each group, an additional dose of 1 g cefoxitin will be 
given every 2 hours during surgery. After surgery, no addi-
tional antibiotic doses will be given to either of the groups.

Decisions about all other aspects of patient care 
during the intraoperative and postoperative periods 
(especially general anaesthesia, postoperative pain 
management and physiotherapeutic procedures) will 
be performed according to the expertise of the staff at 
each centre and to routine clinical practice to minimise 
interference with the trial intervention. Nevertheless, to 
avoid extremes of clinical practice, trial investigators will 
be strongly encouraged to apply the ERAS programme, 
which was found to improve postoperative outcome of 
patients undergoing colorectal surgery.32 33 In addition, 
recommendation is made not to perform preoperative 
mechanical bowel preparation for colonic surgery, which 
is no longer recommended in most recent guidelines, 
and left at the discretion of the surgical staff for rectum 
surgery for which there remains uncertainty.29 34 Patients 
will be able to receive oral laxative (1 or 2 packages of 
X-PREP powder diluted in a glass of water) and retro-
grade rectal enema the day before surgery, as used 
previously.34

Outcome measures
Primary outcome measure
The primary outcome measure is the proportion of patients 
with any SSI within 30 days after surgery. SSI are classified 
as being superficial, deep and/or organ–space infection on 
the basis of validated and well-defined criteria developed by 
the Centers for Disease Control and Prevention.35

Secondary outcomes measures
►► proportion of patient with each type of SSI (super-

ficial, deep and/or organ–space infection) within 30 
days after surgery

►► proportion of patients with postoperative complica-
tion according to the Dindo and Clavien classification36

►► proportion of patients with one or more of the 
following complications within 30 days after surgery 
(definitions of postoperative complications are listed 
in online supplementary file 1):
–– infectious complications: postoperative syndrome 

of systemic inflammatory response,37 sepsis and 
septic shock38

–– cardiovascular complications: arrhythmia, myocar-
dial infarction and acute cardiac failure

–– respiratory complications: pneumonia  and need 
for postoperative reventilation (intubation and/or 
non-invasive mechanical ventilation)

–– renal dysfunction (defined according to the Kidney 
Disease: Improving Global Outcomes (KDIGO) 
classification39)

–– surgical complications: anastomotic leakage and 
the need for abdominal reoperation and/or radio-
logical intervention for any reason.

►► time to initiation of adjuvant chemotherapy
►► need for hospital readmission
►► unexpected admission to intensive care unit (ICU)
►► duration of hospital stay (including hospital stay of 

patients who are readmitted after surgery)
►► hospital free  days (censored at 30 days following 

surgery)
►► all-cause mortality at 30 and 90 days following surgery.

Statistics
Sample size estimation
Assuming a 15% rate of SSI in the control group (intra-
venous antimicrobial prophylaxis alone),3 17 25 40  2×460 
patients will be needed to have 80% power to show a rela-
tive between-group difference of 40% (15%–9%)%) in 
the primary outcome measure at a two-sided alpha level 
of 0.05. Assuming lost to follow-up of 5%, 960 patients will 
be needed for the study.

Statistical analysis
All analyses will be conducted before the breaking of the 
randomisation code, in line with the International Confer-
ence on Harmonization Good Clinical Practice guide-
lines. The primary analysis will be conducted, first, on data 
from the modified intention-to-treat (ITT) population 
and, second, in the per-protocol population comparing 

https://dx.doi.org/10.1136/bmjopen-2017-020254
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the rate of SSI 30 days after randomisation in the two 
groups with the use of unadjusted χ2 test (or Fisher’s 
exact test, as appropriate) (the statistical analysis plan is 
attached as a online supplementary file 2). Adjusted anal-
ysis will be conducted with the use of robust random-ef-
fects Poisson generalised linear regression (1) to take into 
account adjustment on possible confounding covariates 
selected according to clinical relevance and stratification 
variables and (2) to consider within and between centre 
variability. Data will be presented as relative risks and 95% 
CIs. Multiple logistic regression analysis will be used to 
identify relevant baseline covariates in the modified ITT 
population associated with the primary outcome (crite-
rion for entering variables will be P<0.10), in addition to 
the stratification variables (centre, skin preparation and 
surgical technique). A χ2 test (or Fisher’s exact test, as 
appropriate) will be used for secondary binary outcomes. 
Adjusted analyses will be performed with the use of 
robust random-effects Poisson generalized linear model 
regression and will be presented as relative risks and 95% 
CIs. The Hochberg procedure will be used to adjust for 
multiple testing of components of the composite primary 
outcome. Continuous variables will be presented as mean 
and SDs (as median and quartiles, otherwise) and will be 
compared with the use of the unpaired t test or the Mann-
Whitney U test as appropriate. The Shapiro-Wilk test will 
be used to assess normality and the Fisher-Snedecor test to 
assess homoscedasticity. Adjusted analyses, using multiple 
linear regression, will be conducted using the same adjust-
ment variables. Time-to-event curves will be calculated 
with the use of the Kaplan-Meier method in univariable 
analysis. For multivariable analysis, marginal Cox propor-
tional hazards model (with centre as random effect) will 
be performed with results reported as HRs with 95% CIs, 
and proportional hazard assumption verified using the 
Schoenfeld test and plotting residuals. Subgroup analyses 
will be done to explore potential influence of mechanical 
bowel preparation and the type of surgery (colonic and 
rectal resection) on the incidence of the primary outcome.

All analyses will be conducted with the use of Stata soft-
ware (V.13). A two-sided p value of less than 0.05 will be 
considered for statistical significance.

Interim analysis
An interim analysis will be performed after 460 patients 
using the Lan and DeMets method (East software, Cytel, 
Cambridge, Massachusetts, USA). The Data Monitoring 
and Safety Committee (DSMC) may recommend that 
the trial should be stopped if it finds that the continued 
conduct of the trial clearly compromises patient safety (in 
case of serious adverse reactions (SARs) or suspected unex-
pected serious adverse reaction (SUSARs)). The steering 
committee (SC) will be responsible to continue, hold or 
stop the study based on the data monitoring and safety 
committee (DMSC) recommendations.

Missing values
The prevalence and pattern of missing values, if any, will 
collected and analysed. If the frequency of missing data 

is >5%, additional analyses will be performed using the 
multiple imputation method.41

Data registration
Data will be entered into the web-based eCRF (CSOn-
line, Clinsight) by trial or clinical personnel under the 
supervision of the trial site investigators at each partici-
pating centre. From the eCRF, the trial database will be 
established. Paper case report form will be used in case of 
technical difficulties with the eCRF. Data collection will 
be monitored by trained research coordinators.

The following data will be registered:

Prerandomisation and baseline characteristics
Demographic data (age, height, weight, gender and body 
mass index); American Society of Anesthesiologists phys-
ical status; comorbidities (hypertension: Y/N, diabetes 
mellitus: Y/N, active smoking: Y/N, alcohol abuse: Y/N, 
malnutrition: Y/N  and chronic use of corticosteroid: 
Y/N); cancer: Y/N; preoperative chemotherapy or radio-
therapy: Y/N; preoperative nutritional support: Y/N; 
preoperative mechanical bowel preparation: Y/N;  and 
results of blood samples (standard lab values).

At randomisation
Type of surgical procedure (laparoscopy: Y/N  and open 
laparotomy: Y/N) (stratification variable)  and antiseptic 
skin preparation (chlorhexidine–alcohol solution: Y/N, 
povidione-iodine alcoholic solution: Y/N) (stratification 
variable).

Intraoperative data
Date and hour of trial medication (ornidazole or placebo) 
administration; date and hour of intravenous antimicro-
bial prophylaxis; need for additional dose of antibiotic 
doses: Y/N; type of surgery (colonic: Y/N  and rectal: 
Y/N); type of surgical procedure if modified (conver-
sion from laparoscopy to open): Y/N; stoma (Y/N and 
type); type of anastomosis (mechanical: Y/N and manual: 
Y/N); duration of surgery; surgical complication: Y/N; 
anaesthetic data (type of anaesthesia (epidural anal-
gesia: Y/N, inhaled anaesthetic: Y/N, intravenous anaes-
thetic: Y/N  and nitrous oxide: Y/N)), type (sufentanil: 
Y/N and remifentanil: Y/N) and dose of opioids, intra-
venous lidocaine: Y/N, corticosteroids (Y/N and type), 
type (crystalloids and colloids) and volume of fluids, total 
volume of blood losses, total number of blood products, 
stroke volume and/or cardiac output monitoring: Y/N 
and temperature monitoring: Y/N and inspired oxygen 
concentration (inspired oxygen fraction (FiO2)).

Postoperative data (until hospital discharge)
Patients will be assessed once daily during the entire hospital 
stay (until hospital discharge) and at the time of follow-up 
evaluation (30  days after surgery). In case of patient's 
discharge from hospital prior to day 30 after surgery, trial or 
clinical research staff members will call the patients, using 
a dedicated questionnaire (online  supplementary file 3), 
once a week during the 30-day follow-up period and will 

https://dx.doi.org/10.1136/bmjopen-2017-020254
https://dx.doi.org/10.1136/bmjopen-2017-020254
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arrange for prompt clinical evaluation in case of suspected 
infection. Whenever infection will be suspected or diag-
nosed, site investigators unaware of the patients’ group 
assignments will assess the seriousness of all events, and all 
clinically relevant microbiological samples will be cultured.

The following data will be collected:
►► postoperative care pathway (surgical ward: Y/N, high 

dependency unit: Y/N and ICU: Y/N)
►► ERAS items (epidural analgesia: Y/N, nasogastric 

tube: Y/N, urinary catheter: Y/N, mobilisation: Y/N, 
laxative: Y/N and flatus/stool: Y/N)

►► daily lowest and highest values for temperature
►► results of blood sample for creatinine, C reactive 

protein, platelets, haemoglobin and leukocytes
►► blood glucose level
►► SS: Y/N (type: superficial: Y/N, deep: Y/N, organ–

space: Y/N) and date and hour of SSI diagnosis: local 
incisional pain/tenderness: Y/N, localised redness, 
heat or swelling: Y/N, purulent drainage from the 
superficial incision: Y/N, superficial/deep incision 
spontaneously or deliberately opened by the surgeon: 
Y/N, bacteriological sample (fluid/tissue): Y/N 
and organisms isolated: Y/N (if yes, bacteriological 
identification)

►► postoperative surgical complications: Y/N (anasto-
motic leakage: Y/N, reintervention: Y/N and radio-
logical/endoscopic drainage: Y/N)

►► postoperative non-surgical complications (Y/N, type 
and date of diagnosis)

►► allergy to trial drugs: Y/N
►► unexpected ICU admission: Y/N
►► duration of stay in high dependency unit (HDU), ICU 

and surgical ward
►► date of hospital discharge
►► survival status (if the patient is deceased, date of 

death).

Weakly after hospital discharge (until 30 days following surgery)
►► phone contact (Y/N, date)
►► planned or unplanned surgical consultation Y/N
►► SSI (Y/N, date of diagnosis).

Thirty days after surgery
►► SSI (Y/N, date of diagnosis)
►► type of SSI (superficial: Y/N, deep: Y/N, organ/space: 

Y/N)
►► need for hospital readmission: Y/N
►► total duration of hospital stay
►► total hospital-free days
►► survical status (if the patient is deceased, date of 

death).

Ninety days after surgery
►► survival status (if the patient is deceased, date of 

death).

Patient withdrawal
Trial medications are to be used only during the preop-
erative period. Nevertheless, a participant who no longer 

agrees to participate in the clinical trial can withdraw the 
informed consent at any time without need of further 
explanation.

Participants who will withdraw from the study will 
be followed up until hospital discharge, according to 
routine clinical practice in each participating centre. In 
order to conduct ITT analyses with as little missing data 
as possible, it is in the interest of the trial to collect as 
much data from each participant as possible. Therefore, 
the investigator may ask the participant which aspects 
of the trial he or she wishes to withdraw from (partici-
pation in the remaining follow-up assessments  and use 
of already collected data) and, whenever possible, will 
be asked for permission to obtain data for the primary 
outcome measure. If this is achieved, the participant 
will be included in the final analyses. If the participant 
declines, all data from that patient will be destroyed, and 
a new patient will be randomised to obtain the full sample 
size. All randomised patients will be reported, and all 
data available with consent will be used in the analyses. If 
appropriate, missing data will be handled in accordance 
with multiple imputation procedures if missing data are 
greater than 5%.

Safety
All adverse events thought to be related to the trial medi-
cation will be reported to the trial coordinating centre. 
According to the French Public Health Code, all suspected 
unexpected serious adverse events will be reported to the 
Agence National de Securite du Medicament (ANSM). In 
addition, this information will be submitted to the DMSC. 
The DMSC is independent of the trial investigators and 
will perform an ongoing review of safety parameters and 
overall study conduct. The DMSC is composed of two 
independent clinicians (a surgeon and an anaesthesiolo-
gist), a physician bacteriologist and a biostatistician, who 
have experience in the management of surgical patients, 
specific expertise in hospital-acquired infection and in 
the conduct, monitoring and analysis of RCTs.

The DMSC will be responsible for safeguarding the inter-
ests of trial participants, assessing the safety and efficacy 
of the interventions during the trial and for monitoring 
the overall conduct of the clinical trial. To contribute to 
enhancing the integrity of the trial, the DMSC may also 
formulate recommendations relating to the recruitment/
retention of participants, their management, improving 
adherence to protocol-specified regimens and retention 
of participants and the procedures for data management 
and quality control. No formal criteria are set for stopping 
the study. Nevertheless, recommendations for pausing or 
stopping the study will be made by the DMSC in case of 
SARs and SUSAR. Most adverse reactions are specified in 
the product characteristics of ornidazole. The SC will be 
responsible to continue, hold or stop the study based on 
the DMSC recommendations.

The DMSC will be advisory to the SC. The SC will be 
responsible for promptly reviewing the DMSC recom-
mendations, to decide whether to continue or terminate 
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the trial, and to determine whether amendments to the 
protocol or changes in trial conduct are required.

Data handling and retention
Data will be entered into an web-based eCRF by trial 
personnel. Each site will only have access to site-specific 
data. Each patient will receive a unique trial identifica-
tion number. Only the investigators and research team 
will have access to any protected health information 
of study participants and any study data. Data will be 
handled according to the French law. All original records 
(including consent forms, reports of SUSARs and rele-
vant correspondences) will be archived at trial sites for 15 
years. The clean trial database file will be anonymised and 
maintained for 15 years. Only the principal investigators 
and the statistician will have access to the final data set.

Ethics and dissemination
COMBINE trial is approved by the Institutional Review 
Board of the University Hospital of Clermont-Ferrand 
(France). COMBINE trial is registered in the European 
Clinical Trials Database (EudraCT 2015-002559-84) and 
at ​ClinicalTrials.​gov with the trial identification number 
NCT02618720. Trial methods and results will be reported 
according to the Consolidated Standards of Reporting 
Trials 2010 guidelines.42

Enrolment and timeline
The patients are expected to be included from 14 French 
university and non-university hospitals during a 2-year 
period starting in May 2016.

►► 2014–2016: protocol, approvals from ethics committee 
and trial tool development (eCRF and randomisation 
system).

►► 2016 to 2018: inclusion of patients.
►► 2018: cleaning and closure of the database.
►► Early 2019: data analyses and writing of the manu-

script and submission for publication.

Trial status
The current protocol is version 5.0. The randomised 
trial, which commenced in May 2016, is currently in the 
phase of participant enrolment and follow-up. To date 
(30 January 2018), 530 patients have been randomised 
in this study.

Publication plan
On trial completion, the main manuscript will be 
submitted to one of the major clinical journals regardless 
of the results. All trial sites will be acknowledged, and all 
investigators at these sites will appear with their names 
under ‘the COMBINE investigators’ in an appendix 
to the final manuscript. COMBINE study SC will grant 
authorship depending on personal input according to the 
Vancouver guidelines. If a trial site investigator is to gain 
authorship, the site has to include 50 patients or more. If 
the site includes 100 patients or more, two authorships 
will be granted. A writing committee will be composed of 

members of the SC and investigators to define the order 
of authors of any publications.

Discussion
COMBINE trial is to allow us to evaluate whether a 
combined oral and intravenous antimicrobial prophy-
laxis given to patients undergoing elective colorectal 
surgery is related to a significantly lower incidence 
of SSIs. SSIs are a particularly significant problem 
following elective colorectal surgery, which is one of 
the most common surgeries performed worldwide. The 
reduction of SSI has become a major target of quality 
improvement projects.43 44 Although some guidelines 
have been issued, providing evidence-based recommen-
dations for the prevention of SSI, the prevalance of SSI 
remains high in elective colorectal surgery. Surgical 
antimicrobial prophylaxis is highly recommended to 
reduce the risk of SSI. Recent RCTs21 22 and meta-anal-
yses23 25 have reported interesting findings regarding 
the effect of oral antibiotics in addition to intravenous 
antimicrobial prophylaxis. However, most of these 
studies have limitations, making the extrapolation of 
data into routine care challenging.

Among the strengths of the trial are the multicentre 
and double-blind design with the use of a placebo as 
compared with previous RCTs. In order to standardise 
practices as possible, we decided to limit the number 
of participating study centres to 14 centres, all of which 
performing at least 200 colorectal surgical procedures 
per year.

Stratified randomisation protects against bias from 
variability of practice and imbalance between treatment 
groups for skin antiseptic preparation and the surgical 
technique, which may both influence the outcome. We 
decided not to stratify according to the use of mechanical 
bowel preparation since most available evidence do not 
support bowel preparation alone before colonic surgery. 
However, in order to minimise interference with the trial 
intervention, decision to perform bowel preparation 
before rectal surgery will be carried out according to the 
expertise of the staff and to routine clinical practice at 
each centre.

In conclusion, this trial is the first multicentre 
randomised controlled double-blinded study adequately 
powered to evaluate whether combined oral and intra-
venous antimicrobial prophylaxis could reduce the inci-
dence of SSI compared with intravenous antimicrobial 
prophylaxis alone. If COMBINE yields positive results, 
this can have significant clinical and public health 
implications.
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