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Abstract: Background 

Administration of surgical antimicrobial prophylaxis (SAP) for the 

prevention of surgical site infection (SSI) is recommended within 60 

minutes before incision based on observational studies. However, the 

precise optimal timing is unknown. This trial compared early versus late 

administration before surgery. 

Methods 

In this randomised controlled phase III superiority trial, we included 

general surgery adult inpatients (age ≥18 years) at two Swiss hospitals. 
Patients were randomised centrally and stratified by hospital according 

to a pre-existing computer-generated list in a 1:1 ratio to receive SAP 

early in the anaesthesia room versus late in the operating room. Patients 

and the outcome assessment team were masked to group assignment. SAP 

consisted of single-shot, intravenous infusion of 1·5 g of cefuroxime, a 

commonly used cephalosporin with a short half-life, over 2-5 minutes 

(combined with 500 mg metronidazole in colorectal surgery). The primary 

endpoint was the occurrence of SSI within 30 days of surgery. The main 

analyses were intention-to-treat. The study is registered with 

ClinicalTrials.gov, number NCT01790529. 

Findings 

Between February 21, 2013, and August 3, 2015, 5580 patients were 

randomly assigned to receive SAP early (2798 patients) or late (2782 

patients), of whom 5175 (2589 early and 2586 late) were analysed. Median 

administration time was 42 minutes before incision in the early group 

(interquartile range [IQR] 30-55 minutes) and 16 minutes before incision 

in the late group (IQR 10-25 minutes). Inpatient follow-up rate was 100% 
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(5175/5175); outpatient 30-day follow-up rate was 88·8% (4596/5175), with 

an overall SSI rate of 5·1% (234 of 4596). Early administration of SAP 

did not significantly reduce the risk of SSI compared to late 

administration (odds ratio = 0·93; 95% confidence interval, 0·72 to 1·21; 

p=0·601).  

Interpretation 

The present results do not support any narrowing of the 60-minute time 

window for the administration of a cephalosporin with a short half-life.  
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Swiss National Science Foundation, Hospital of Aarau, University of 

Basel, Gottfried und Julia Bangerter-Rhyner Foundation, Hippocrate 
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Summary 

Background 

Administration of surgical antimicrobial prophylaxis (SAP) for the prevention of surgical site 

infection (SSI) is recommended within 60 minutes before incision based on observational 

studies. However, the precise optimal timing is unknown. This trial compared early versus 

late administration before surgery. 

Methods 

In this randomised controlled phase III superiority trial, we included general surgery adult 

inpatients (age ≥18 years) at two Swiss hospitals. Patients were randomised centrally and 

stratified by hospital according to a pre-existing computer-generated list in a 1:1 ratio to 

receive SAP early in the anaesthesia room versus late in the operating room. Patients and 

the outcome assessment team were masked to group assignment. SAP consisted of single-

shot, intravenous infusion of 1·5 g of cefuroxime, a commonly used cephalosporin with a 

short half-life, over 2-5 minutes (combined with 500 mg metronidazole in colorectal surgery). 

The primary endpoint was the occurrence of SSI within 30 days of surgery. The main 

analyses were intention-to-treat. The study is registered with ClinicalTrials.gov, number 

NCT01790529. 

Findings 

Between February 21, 2013, and August 3, 2015, 5580 patients were randomly assigned to 

receive SAP early (2798 patients) or late (2782 patients), of whom 5175 (2589 early and 

2586 late) were analysed. Median administration time was 42 minutes before incision in the 

early group (interquartile range [IQR] 30-55 minutes) and 16 minutes before incision in the 

late group (IQR 10-25 minutes). Inpatient follow-up rate was 100% (5175/5175); outpatient 

30-day follow-up rate was 88·8% (4596/5175), with an overall SSI rate of 5·1% (234 of 

4596). Early administration of SAP did not significantly reduce the risk of SSI compared to 

late administration (odds ratio = 0·93; 95% confidence interval, 0·72 to 1·21; p=0·601).  

Interpretation 
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The present results do not support any narrowing of the 60-minute time window for the 

administration of a cephalosporin with a short half-life.  
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Background 

Surgical Site Infections (SSI) are the most common hospital-acquired infections among 

surgical patients with substantial economic impact.(1) Administration of surgical antimicrobial 

prophylaxis (SAP) is a highly effective method to reduce the risk of SSI after various 

procedures.(2-4) Single shot first- or second-generation cephalosporins are widely used as 

agents of choice for routine SAP, supplemented with metronidazole to provide anaerobic 

activity in colorectal surgery.(5)  

The association of timing of SAP and risk of SSI has been described early in experimental 

animal studies.(6) The landmark study by Classen et al in 1992 showed the lowest risk of 

SSI in humans when SAP was initiated within two hours prior to skin incision.(7) The 2016 

World Health Organization (WHO) guidelines for the prevention of SSI still call for a timing of 

less than 120 min before incision, but recommend that administration should be closer to the 

incision time (<60 minutes before) for antibiotics with a short half-life, such as commonly 

used cephalosporins and penicillins.(8) This 60-minute window before surgery reflects the 

most widely implemented recommendation on SAP timing.(5;9;10) The 2013 National 

Institute for Health and Care Excellence guidelines simply recommend a single dose of 

antibiotic intravenously on starting anaesthesia.(11) 

Several groups have attempted to further refine the 60-minute time window, resulting in two 

opposing clinical trends in SAP timing recommendations. Most of these observational studies 

favour the administration shortly before incision.(12-14) Therefore, some guidelines suggest 

that SAP should be administered within the final 30 minutes before incision, except for 

vancomycin and the fluoroquinolones.(15;16) Other observational studies suggested that 

administration close to the incision time may be too late for optimal SSI prevention, including 

the largest prospective cohort study on cefuroxime (a second generation cephalosporin) to 

date.(17;18)  

Based on the available evidence, the joint guidelines from four large American societies 

concluded that the data are not sufficiently robust to recommend narrowing the 60-minute 
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window.(9) This research gap has been identified by the 2016 WHO guidelines, which call for 

a randomised controlled trial (RCT) to clarify the optimal timing of SAP as a matter of high 

priority.(19) Such a trial has the potential to have an important impact on current international 

guidelines for infection control strategies and to be of significant interest in terms of patient 

safety and healthcare economics. This RCT was designed to test the hypothesis that early 

administration of cefuroxime would be superior to late administration before incision for the 

prevention of SSI, thereby aiming at confirming the results of the observational study on 

cefuroxime.(18)  
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Methods 

Study design 

This phase III superiority RCT was conducted at the University Hospital Basel and the 

Hospital of Aarau, two tertiary care referral centres in Switzerland. The trial including all 

respective documents was approved by the local ethics committees by April 2012 (Basel: 

Ref. Nr. EK 19/12; Aarau: Ref. Nr. EK 2011/037). Insurance coverage of general liability 

has been obtained by both study centres. The study protocol has been published in an 

open-access journal (https://www.ncbi.nlm.nih.gov/pubmed/24885132) (20).  

Patients 

Written informed consent was obtained from all patients. Included patients were ≥ 18 years 

of age and underwent inpatient general surgery procedures, specifically gastrointestinal, 

hernia, endocrine and breast surgery, as well as orthopaedic trauma and vascular 

procedures with SAP indicated according to international guidelines.(21) Patients were 

excluded in case of pre-existing antibiotic therapy within 14 days of surgery and in case of 

emergency procedures with planned incision within 2 hours after registration. A detailed list 

and explanation of all in- and exclusion criteria is provided in the supplementary appendix 

1. 

Randomisation and masking 

Randomisation was stratified by study site and performed centrally at the day of surgery 

according to a pre-existing computer-generated list, which was provided by a statistician who 

was not involved in screening patients or assessing outcomes. For the purpose of 

communication of treatment allocation to the anaesthesia team, the randomisation list was 

linked with the clinical data system (developed by ProtecData AG, Boswil, Switzerland). In 

order to see the result of randomisation, the members of the anaesthesia team had to log 

into the clinical data system and press a button with a time stamp. This button was a 

mandatory item to print their routine preoperative evaluation sheet with the treatment plan on 

the day of surgery. It only appeared if a patient was included in the study. The result was 
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then presented for that specific patient and procedure on screen and was included in the 

printed sheet. At no time did the anaesthesiologists or anaesthesia nurses have access to 

the randomisation list. Patients were screened, consented and enrolled by investigators who 

were part of the surgical team performing the procedure and who were not involved in 

assessing outcomes for the purpose of the study. Patients and the outcome assessment 

team were masked to group assignment.  

Patients were randomly assigned in a 1:1 ratio to receive SAP in the anaesthesia room, 

which was located in front of the actual operating room (arm A) versus in the operating room 

itself (arm B). We estimated that patients in arm A would receive SAP early, approximately 

75 – 30 minutes before the scheduled incision, which reflects the time window with the 

lowest rates of SSI in the prospective observational cohort study on cefuroxime.(18) We 

estimated that patients in arm B would receive SAP late, approximately < 30 - 0 minutes 

before the scheduled incision.  

Procedures 

SAP was administered by the anaesthesia team to all patients in a standardised manner via 

single-shot, intravenous infusion of 1·5 g of cefuroxime (Glaxo Smith Kline, Verona, Italy) in 

100 ml of a 0·9% sodium chloride solution over 2-5 minutes. It was combined with 

metronidazole (500 mg, intravenous infusion, 2-5 minutes, B. Braun, Rubì, Spain) in 

colorectal surgery patients, who received no bowel preparation with non-absorbable 

intraluminal antibiotics. In case of a body-weight equal to or above 80 kg, the doses were 

doubled (3g of cefuroxime, 1g of metronidazole). The exact time in minutes that the infusion 

started was recorded by the anaesthesiologist or anaesthesia nurse. The same dose of 

cefuroxime (plus the same dose of metronidazole in colorectal surgery) was given every four 

hours after the first administration. In patients with impaired renal function, this re-dose was 

adapted according to the creatinine clearance. 

Endpoints and Follow-up  
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The primary endpoint was the occurrence of any SSI within 30 days after surgery. SSI was 

defined as incisional (either superficial or deep) or organ/space infection according to the 

Centers for Disease Control and Prevention (CDC) criteria that were published in 1999.(21) 

These definitions required a surveillance period of 30 days, which was extended to one year 

in case of implant surgery. During the conduct of the study, the CDC National Healthcare 

Safety Network (NHSN) updates called for a change to follow up duration for several 

procedures included in this trial. Follow up was shortened from twelve to three months for 

implant-based surgery, extended from one to three months for breast surgery, herniorrhaphy 

and peripheral bypass surgery even when using autologous tissue, and remained unchanged 

(one month) for the rest of the procedures in this trial.(22) Therefore, we decided on July 30, 

2015, to homogenise the duration of follow up for all procedures to one month as this was 

pre-specified for all procedures in this study, and to abandon the additional follow up one 

year after surgery in case of implants. 

The surgical team followed the patients by routine wound surveillance according to clinical 

standards including diagnosis and treatment of SSI. The physicians of the ward who were in 

charge of inpatient care were masked to the intervention and were responsible for the 

assessment of SSI for the purpose of this study, which was continuously cross-checked by 

supervising members of the masked wound surveillance study team. In addition, the masked 

members of the outcome assessment team participated daily in the hospital rounds together 

with the surgical team and the physicians of the ward and visited patients directly in case of 

potential events. For post-discharge follow-up, trained nurses and clinicians at each study 

site who were masked to group assignment contacted all patients 30 days after surgery by 

telephone. The past or present occurrence of SSI was assessed by a standardised 

questionnaire, and the physician who performed post-surgery outpatient clinical controls was 

identified. Whenever the telephone assessment suggested a possible event, primary care 

physicians were contacted for detailed information from their charts, and the hospital charts 

were reviewed as well. After five unsuccessful attempts to contact patients within a period of 
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4 weeks after the 30 day follow-up, in-hospital charts were screened for readmissions and 

surgical take-backs. All cases showing evidence of SSI were validated by a board certified 

infectious diseases specialist at each study site who was masked to group assignment. Pre-

specified secondary endpoints included all-cause 30-day mortality and length of hospital 

stay.  

The study was conducted in compliance with the protocol and according to Good Clinical 

Practice standards, as well as legal regulations. However, in accordance with the local ethics 

committees, only serious adverse events (SAE) were reported to the sponsor. These 

included death from any cause, life threatening SAE, SAE that caused a prolongation of the 

length of hospital stay, SAE that caused a persistent and significant handicap to the patient 

and SAE that required an intervention in order to prevent one or several of the above 

mentioned. Deaths were additionally reported to the local ethics committees within 7 days of 

becoming apparent to the study team. SSI were not reported as SAE since they correspond 

to the endpoint of this study. 

Statistical Analysis 

The target enrolment was 5000 evaluable patients for a 1:1 ratio randomisation to have SAP 

administered early in the anaesthesia room (arm A) or late in the operating room (arm B).  

Instead of arbitrarily defining a minimal important reduction of the risk of SSI that would call 

for a shortening of the currently recommended time window for the administration of SAP, 

the assumptions for the sample size calculations were derived from the results of the 

observational study conducted in the years 2000-2001 at the University Hospital Basel.(18) 

We assumed that administration of SAP early in the anaesthesia room would result in a 33% 

relative reduction of SSI risk and that the SSI risk with SAP administration in the operating 

room would be 5%. Together with a power of 80% and a two-sided type I error of 5% these 

assumptions resulted in two groups of 2500 patients each.  

The main analyses were intention-to-treat, which provides a valid estimate of comparing a 

policy to administer SAP early in the anaesthesia room versus a policy to administer SAP 
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late in the operating room. For the binary endpoints 30-day SSI and 30-day all-cause 

mortality, we present complete case analyses including patients with complete 30-day follow-

up. Even though all patients were completely followed during the hospital stay, not all 

patients could be contacted after discharge to ascertain SSI and vital status at day 30 (see 

figure 1). To assess robustness of the complete case analyses, we also performed all 

analyses of the 30-day binary outcomes using inverse probability of censoring weights 

(IPCW).(23;24) IPCW account for the possibility that the likelihood of having obtained follow-

up information might vary and might depend on risk factors of SSI and mortality (see 

supplementary appendix 2 for simplified arguments for using IPCW). IPCW were derived 

from a logistic regression with availability of follow-up information as the outcome including 

predictors related to surgery (wound class, surgical division, duration of surgery, emergency 

surgery) and related to the patient (ASA score, number of comorbidities, having diabetes, 

body mass index above 30, being older than 65, taking immunosuppressive drugs and 

smoking status). We calculated absolute risks of SSI or mortality and used logistic regression 

to obtain the odds ratio and 95% confidence intervals for comparing patients by 

randomisation group. Robust standard errors were used in the IPCW analyses. For the 

comparison of length of hospital stay (available for all patients), we used the two-sample 

Wilcoxon (Mann–Whitney) rank-sum test. 

In addition to the intention-to-treat analysis, which evaluates the difference between the two 

policies of administering SAP, we performed an “as treated” and a “per protocol” analysis for 

the primary outcome of any SSI within 30 days after surgery.(25) As both of these analyses 

are prone to being biased due to imbalances in prognostic factors, multivariable logistic 

regression models were used including hospital, wound class, surgical division, duration of 

surgery, emergency surgery, ASA score, number of comorbidities, having diabetes, body 

mass index above 30, being older than 65, taking immunosuppressive drugs and smoking 

status in addition to the main variable of where SAP was received. These additional analyses 

were post hoc and not defined in the study protocol.(20) 
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We conducted three pre-specified subgroup analyses: age (≥65 versus <65 years), body 

mass index (≥30 versus <30 kg/m2) and diabetes (with versus without). Three subgroup 

analyses were post hoc: Surgical division (visceral versus trauma versus vascular), presence 

versus absence of immunosuppressive drugs and wound class (I versus II versus III versus 

IV). For these analyses we included interaction terms between randomisation group and the 

respective subgroups to obtain Wald-type interaction p-values. We provide descriptive 

statistics for the exact SAP timing by randomisation group. All analyses were done using R 

and Stata 14·1 (Stata Corp, Texas).  

The clinical trial unit of the University Hospital Basel oversaw the study at both sites and 

provided continuous central and on-site monitoring. One pre-specified interim analysis was 

performed according to the study protocol after having recruited and operated on 2500 

patients. Decisions for stopping were done using a fully probabilistic approach; they were 

pre-specified in the protocol and strictly followed after the results of the interim analysis 

became available.(20;26) The obtained predictive probability was 8·357% for a significant 

result at the end of the study. With this interim result, the study neither fulfilled the criteria for 

stopping for futility nor for early success and therefore continued to full length. Due to the 

interim analysis, which also included a criterion for stopping for superiority, a p-value of 

<4.5% at the final analysis would have been necessary to claim superiority and preserve an 

overall type I error of 5%. 

The trial has been registered on ClinicalTrials.gov (number, NCT01790529). 

Role of the funding source 

No commercial support was provided for this study. The study was primarily funded by the 

Swiss National Science Foundation. Additional funding was received from the Hospital of 

Aarau, the University of Basel, the Gottfried und Julia Bangerter-Rhyner Foundation, the 

Hippocrate Foundation, and the Nora van Meeuwen-Häfliger Foundation. The funders of the 

study had no role in study design, data collection, data analysis, data interpretation, or writing 
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of the report. The corresponding author had full access to all the data in the study and had 

final responsibility for the decision to submit for publication.  
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Results 

Between February 21, 2013, and August 3, 2015, a total of 8870 patients were assessed for 

eligibility, 3290 of whom were excluded (1759 due to the presence of at least one exclusion 

criterion, and 1531 declined to participate, see figure 1). The remaining 5580 patients were 

randomly assigned to receive SAP early in the anaesthesia room (2798 patients) or late in 

the operating room (2782 patients.) Of those 5580 randomised patients, 41 (0·7%) did not 

undergo surgery, 22 (0·4%) were younger than 18 years and 342 (6·1%) had an invalid or 

missing informed consent. These patients were excluded post-randomisation, and the study 

continued to a total accrual of 5175 patients, 2995 in Basel and 2180 in Aarau, for the 

primary intention-to-treat analysis (2589 in the early and 2586 in the late group). A small 

number of patients (n=64) that received SAP before incision and were later categorised as 

having wound class IV were included in the intention-to-treat analysis. 

In the group that was randomised to receive SAP in the anaesthesia room (early group), 336 

(13%) received it in the operating room (late group).  In the group that was assigned to 

receive SAP in the operating room (late group), 363 (14%) patients received it in the 

anaesthesia room (early group). Median administration time in the early group was 42 

minutes (interquartile range [IQR] 30-55 minutes) and in the late group 16 minutes before 

incision (IQR 10-25 minutes). In the early group, 16 patients had SAP initiated after incision, 

while 22 patients did not receive the study drugs. In the late group, 21 patients had SAP 

initiated after incision and 33 did not receive the study drugs. 

All 5175 patients were followed until discharge, while 4596 of these (88.8%) were 

successfully followed after 30 days. A similar number of participants in each group were lost 

to 30 day outpatient follow-up: 293 (11.3%) in the early group and 286 (11.1%) in the late 

group. Distribution of patient and procedure characteristics for the two groups was similar 

(table 1). 

The overall SSI rate was 5·1% (234 of 4596) in patients with a complete 30 day follow up, 

with 113/2296 SSI (4·9%) occurring in the early and 121/2300 (5·3%) in the late group (see 
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table 2). About half of all SSI (120/234) were registered during the hospital stay and half 

(114/234) after discharge, with no significant difference between the two groups.  

Early administration of SAP did not significantly reduce the risk of SSI compared to late 

administration (odds ratio = 0·93; 95% confidence interval [95% CI], 0·72 to 1·21; p=0.601). 

These results were almost identical in the IPCW analysis (odds ratio = 0·93; 95% CI, 0·72 to 

1·21; p=0.598, see supplementary appendix 3). When repeating the intention-to-treat 

analysis after exclusion of the 37 patients that had SAP administered after incision and those 

55 that had no SAP, the results remained virtually unchanged (odds ratio = 0·93; 95% CI, 

0·71-1·21; p=0·573). Similarly, after exclusion of all patients who had an upgrade of their 

wound class to category IV during surgery, the results remained almost identical (odds ratio 

= 0·94; 95% CI, 0·72-1·23, p=0·667). 

The “as treated” analysis included 2567 patients with SAP in the anaesthesia room and 2553 

with SAP in the operating room (odds ratio = 0.78; 95% CI, 0.59 – 1.04; p=0.093). The “per 

“protocol” analysis included 2231 with SAP in the anaesthesia room and 2190 with SAP in 

the operating room (odds ratio = 0.86; 95% CI, 0.64 – 1.17, p=0.335). Both of these post-hoc 

analyses showed a more pronounced reduction of the odds of SSI but did also not provide 

statistically significant evidence favouring early over late administration of SAP. When 

excluding the 64 patients that were categorised as having wound class IV, those 37 patients 

that had SAP administered after incision and those 55 that had no SAP, the “as treated” 

analysis of 4469 patients revealed an odds ratio of 0·80 (95% CI, 0·60-1·07; p= 0·135). 

The rates of SSI did not differ between the two groups for all three types of SSI (see table 2). 

Several pre-specified and post hoc subgroups were examined and provided no evidence for 

a modification of the effect of early versus late administration of SAP (see figure 2).  

Since culture or non-culture based testing is not mandatory according to the CDC definitions 

of SSI, only 73/120 patients with in hospital diagnosis of SSI had pathogens isolated. Table 3 

shows the spectrum of pathogens isolated from patients with SSI. Importantly, the presence 

of multi-resistant pathogens in patients with SSI was extremely low at both study sites. 
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There were no significant differences by randomisation group for the secondary endpoints 

all-cause 30-day mortality and median length of hospital stay (see table 2). 
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Discussion 

 

 

  

Panel: Research in context 

Evidence before this study 

In their 2016 global guidelines for the prevention of surgical site infection (SSI), the World Health 

Organization provides a strong recommendation based on moderate quality of evidence to administer 

surgical antimicrobial prophylaxis (SAP) within 120 minutes before incision. They recommend that 

administration should be closer to the incision time [<60 minutes] for antibiotics with a short half-life, 

such as commonly used cephalosporins and penicillins. In their summary of evidence, a total of 13 

observational studies including 53975 adult patients were included; 2 were from multiple centres. No 

randomised controlled trials were identified. The guideline development group described this research 

gap and the need for further studies on this topic, and highlighted the limited evidence available on 

optimal SAP timing to prevent SSI. They stated that in particular and as a high priority, randomised 

controlled trials comparing the effect of different time intervals are needed, that is, 60-30 minutes vs. 

30-0 minutes for antibiotics with a short half-life. 

The 2013 National Institute for Health and Care Excellence guidelines simply recommend a single dose 

of antibiotic intravenously on starting anaesthesia. The 2014 Society for Healthcare Epidemiology of 

America and Infectious Diseases Society of America guidelines recommend administration within 1 

hour before incision with superior efficacy between 0 and 30 minutes prior to incision compared with 

administration between 30 and 60 minutes. Most other international guidelines still recommend 

administration of SAP within 60 minutes before surgical incision; however, administration within the 

final 30 minutes is increasingly recommended. 

Added value of this study 

To the best of our knowledge, this is the first randomised trial examining the effect of different SAP 

timings on the risk of SSI. It showed that early administration of cefuroxime, a commonly used 

cephalosporin with a short half-life, combined with metronidazole in colorectal surgery, did not 

significantly lower the risk of SSI compared to late administration before incision (odds ratio = 0·93; 

95% confidence interval, 0·72 to 1·21; p=0·601). 

Implications of all the available evidence 

The available evidence to date does not support any narrowing of the 60-minute time window for the 

routine administration of a cephalosporin with a short half-life. 
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To our knowledge, this is the first randomised study examining the effect of different SAP 

timings on the risk of SSI. The present results showed that early administration of 

cefuroxime, a commonly used cephalosporin with a short half-life, plus metronidazole in 

colorectal surgery, did not significantly lower the risk of SSI compared to late administration 

before incision. Secondary endpoints all-cause 30 day mortality and length of hospital stay 

also remained unaffected. The study was not underpowered, as the observed SSI rate of 

5·1% (234 of 4596) was in agreement with our assumptions for the sample size 

calculation.(18)  

The present RCT addressed two opposing trends in SAP timing recommendations that aim 

at refining the broad recommendation to administer SAP with a short half-life and infusion 

time within 60 minutes before surgery.(5;8-10;19) On one side, several guidelines favour late 

administration of SAP close to the incision time.(15;16;27) The largest observational study 

examining the relationship between antibiotic timing and SSI risk to date showed a trend 

toward lowest risk of SSI when SAP with cephalosporins and other antibiotics with short 

infusion times were given within 30 minutes prior to incision.(13) A second study showed a 

decreasing rate of infections after total hip arthroplasty in patients who received antibiotics 

within 30 minutes prior to incision, and a third showed that the lowest rate of infections 

occurred after various procedures when the antibiotics were given 10 to 20 minutes before 

incision.(12;14)  

On the other side, SAP timing should ensure that tissue drug levels exceed the minimum 

inhibitory concentration for organisms likely to be present at the surgical site throughout the 

operation. The hypothesis that administration of antibiotics with a short half-life immediately 

before incision may be too late for optimal SSI prevention was supported by a prospective 

pharmacokinetic study that used in vivo microdialysis to measure continuous tissue levels of 

cefazolin.(28) The authors concluded that cefazolin should be administered at least 60 

minutes before skin incision to guarantee for optimal tissue concentration at the beginning of 

surgery. Vast inter-individual differences were observed for the time required to reach 

maximum interstitial concentrations.  
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In addition, some observational studies suggested that administration of SAP shortly before 

incision may be too late for optimal SSI prevention. In a combined analysis of data from two 

small RCTs of single dose piperacillin versus multidose cefoxitin, the lowest rate of infection 

of 13% was seen when the drug was given between 16 to 60 minutes before surgery, 

compared with 21% when given within 15 minutes before surgery.(17) The authors listed 

failure to complete preoperative antibiotic infusion prior to the beginning of the operation as 

the most plausible reason for the high infection rate associated with the late administration of 

antibiotics.  

The largest prospective observational cohort study on cefuroxime analysed the incidence of 

SSI by the timing of SAP in a series of 3836 consecutive general surgical procedures.(18) In 

multivariable logistic regression analyses, the odds of SSI were almost doubled when SAP 

was administered less than 30 minutes as compared to the reference interval of 59 to 30 

minutes before incision (adjusted odds ratio = 1·95; 95% confidence interval, 1·4 to 2·8; 

p<0.001). While SAP was applied in most patients between 44 and 0 minutes before incision, 

the lowest rate of SSI was recorded when the antibiotics were administered between 74 and 

30 minutes before surgery. Based on this study, Swiss guidelines recommend the 

administration of SAP with cefuroxime (combined with metronidazole in colorectal surgery) 

74 to 30 minutes before skin incision.(29)  However, corroboration of these findings ideally in 

a RCT was encouraged by the editorial accompanying the study.(30) The present RCT did 

not confirm that a policy to administer SAP early in the anaesthesia room would significantly 

reduce the risk of SSI compared to a policy to administer SAP late in the operating room, and 

we conclude that the statistical analysis could not reliably adjust for all inherent bias of that 

prior observational study. 

The results from the intention-to-treat analysis with an odds ratio of 0·93 and a 95% CI of 

0·72 to 1·21 for early versus late administration of SAP before surgery do not support any 

narrowing of the 60-minute time window. This is clinically relevant, since the timing of SAP is 

widely used as a quality criterion in surgical infection prevention projects.(5;10) Many centres 
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have problems initiating the infusion within 60 minutes before surgery, and narrowing this 

window, as recommended by several guidelines, would make this target even more 

difficult.(15;16;29) Timing difficulties even occurred in the controlled setting of this RCT, with 

13·5% of patients not receiving the assigned intervention. 

Limitations 

Our study is not without limitations; the first refers to the generalisability of the findings. The 

results obtained by the regimen in this study may not be generalisable to other antimicrobial 

agents with different pharmacokinetics. The trial was performed at two tertiary referral 

centres in Switzerland, and the results may not be applicable to a differing patient population, 

such as one with a considerably higher rate of infection or a higher incidence of antimicrobial 

resistance. The higher dose of SAP administered to patients with a body weight above 80 

kilograms may have changed the pharmacokinetics in this subgroup compared to the dose 

administered to the rest of the study population. Subgroup analyses suggested a consistent 

absence of superiority of early versus late administration of SAP across subgroups, which 

increases the generalisability of our findings. However, given that the underlying SSI rate 

was only 5·1%, and the study was powered at 80% to detect a large treatment effect (33% 

relative reduction of SSI risk), we need to acknowledge that the study was only powered to 

detect large interactions at the subgroup level. 

Secondly, even though patients were not informed about assignments to treatment groups, 

we cannot exclude that some in the early group may have seen the infusion of SAP in case 

of its administration before induction of anaesthesia. Thirdly, the follow up period of one 

month is insufficient to detect all SSI after implant based surgery, and outpatient follow up 

rate at one month was only 88·8% (4596/5175 patients). We decided to follow patients 

personally by telephone based on our experience with the prior observational study.(18) We 

restricted the number of attempts to contact patients to five times within a period of 4 weeks 

after the 30 days follow-up to ensure that the patients remembered any potential event. We 

do not think, however, that missing follow up data weaken the interpretation of the findings. 
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We followed all patients during their hospital stay, and the number of patients lost to 

outpatient follow-up was equally distributed between the two randomisation groups. We 

assessed the robustness of the complete case analysis with regard to possible informative 

loss-to-follow-up by conducting analyses using IPCW in which we obtained very similar 

results. Fourthly, 342 patients were excluded post-randomisation due to invalid or missing 

informed consents. The underlying mechanism for the high rate of missing consents was 

identified and corrected during the course of the study. In brief, it proved to be difficult to 

collect all signed consents as they were obtained from a large number of units throughout the 

hospitals. Hence, rather than having the investigators actively send all signed consents to the 

trial office, the practice was changed to have the study nurses of the trial office actively 

collect all consents on a daily basis. However, the number of patients excluded post-

randomisation was equally distributed between the two groups. Finally, a small number of 

patients either did not receive SAP at all or had SAP initiated after surgical incision or had a 

wound class that was upgraded to category 4 during surgery. Exclusion of these patients 

from the statistical analysis did not change the findings of this study. 

In conclusion, early administration of cefuroxime (plus metronidazole in colorectal surgery) 

did not significantly lower the risk of SSI compared to late administration before incision. 

Even though the present results do not rule out a beneficial effect of early administration of 

SAP on the risk of SSI, they do not support changing current recommendations to administer 

SAP during the 60 minutes prior to incision.  
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Figure 1. Trial profile 

 

 

  

2589 have complete inpatient follow-up    
• 293 were lost to follow-up after hospital 

discharge 

• 2296 have complete 30 day follow-up 
information and were included in the 
complete case analysis 

2586 have complete inpatient follow-up    
• 286 were lost to follow-up after hospital 

discharge 

• 2300 have complete 30 day follow up 
information and were included in the 
complete case analysis  

8870 Patients were assessed for eligibility 

3290 were excluded 

• 1759 met at least one exclusion criterion 

• 1531 declined to participate 

5580 underwent randomisation 

2589 could be evaluated 

• 2231 received assigned intervention 

• 336 received SAP in the operating room 

• 22 did not receive SAP 

2586 could be evaluated 

• 2190 received assigned intervention 

• 363 received SAP in the anaesthesia room 

• 33 did not receive SAP 

2798 were randomized to receive SAP in the 
anaesthesia room (early administration) 

• 169 had invalid or missing consent  
• 26 did not undergo surgery  
• 14 were <18 years of age  

2782 were randomized to receive SAP in the 
operating room (late administration) 

• 173 had invalid or missing consent  
• 15 did not undergo surgery  
• 8 were <18 years of age 
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Table 1. Baseline characteristics of the intention-to-treat population. 

 

SAP+ in anaesthesia room  

(early administration) 

n = 2589 

SAP+ in operating room 

(late administration) 

n = 2586 

Study site 
Basel  

n=1502 

Aarau  

n=1087 

Basel  

n=1493 

Aarau  

n=1093 

 

Timing of SAP
+
- 

min. before incision 

42 (30-55) 16 (10-25) 

40 (30 – 55) 43 (32 - 55) 20 (11 - 30) 14 (9 - 20) 

Unknown 
22 (0·9) 33 (1·3) 

12 (0·8) 10 (0·92) 17 (1·1) 16 (1·5) 

 

Sex – number (%) 

Male 
1412 (54·5) 1390 (53·8) 

782 (52·1) 630 (58·0) 777 (52·0) 613 (56·1) 

Female 
1177 (45·5) 1196 (46·3) 

720 (47·9) 457 (42·0) 716 (48·0) 480 (43·9) 

 

Age – years 

58·4 (43·5 - 71·9) 59·0 (42·4 - 71·5) 

60·2 (45·1 - 73·9) 56·5 (42·0 - 69·3) 60·8 (43·2 - 72·8) 56·1 (41·1 - 69·5) 

 

ASA‡ score 

1 
455 (17·6) 477 (18·5) 

228 (15·2) 227 (20·9) 236 (15·8) 241 (22·1) 

2 
1395 (53·9) 1339 (51·8) 

807 (53·7) 588 (54·1) 770 (51·6) 569 (52·1) 

3 
712 (27·5) 736 (28·5) 

447 (29·8) 265 (24·4) 459 (30·7) 277 (25·3) 

4 
27 (1·0) 34 (1·3) 

20 (1·3) 7 (0·6) 28 (1·9) 6 (0·6) 

 

Surgical division 

General 
1253 (48·4) 1,258 (48·7) 

649 (43·2) 604 (55·6) 654 (43·8) 604 (55·3) 

Trauma 
1002 (38·7) 1003 (38·8) 

644 (42·9) 358 (32·9) 633 (42·4) 370 (33·9) 

Vascular 
334 (12·9) 325 (12·6) 

209 (13·9) 125 (11·5) 206 (13·8) 119 (10·9) 

 

Wound class 

I 
2045 (79·0) 2034 (78·7) 

1306 (87·0) 739 (68·0) 1294 (86·7) 740 (67·7) 

II 
401 (15·5) 395 (15·3) 

135 (9·0) 266 (24·5) 137 (9·2) 258 (23·6) 

III 
116 (4·5) 120 (4·6) 

43 (2·9) 73 (6·7) 43 (2·9) 77 (7·0) 

IV 27 (1·0) 37 (1·4) 
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18 (1·2) 9 (0·8) 19 (1·3) 18 (1·7) 

 

Diabetes 

No 
2337 (90·3) 2358 (91·2) 

1367 (91·0) 970 (89·2) 1478 (91·2) 996 (91·1) 

NIDDM† 
158 (6·1) 136 (5·3) 

74 (4·9) 84 (7·7) 72 (4·8) 64 (5·9) 

IDDM†† 
94 (3·6) 92 (3·6) 

61 (4·1) 33 (3·0) 59 (4·0) 33 (3·0) 

 

Immunosuppressive drugs 

No 
2558 (98·8) 2557 (98·9) 

1488 (99·1) 1070 (98·4) 1478 (99·0) 1079 (98·7) 

Yes 
31 (1·2) 29 (1·1) 

14 (0·9) 17 (1·6) 15 (1·0) 14 (1·3) 

 

BMI** (kg/m2) 
25·7 (23·0 - 29·6) 25·8 (22·8 - 29·6) 

25·3 (22·6 - 29·1) 26·3 (23·7 - 30·7) 25·4 (22·5 - 29·3) 26·3 (23·2 - 30·1) 

Unknown 
33 (1·3) 36 (1·4) 

32 (2·1) 1 (0·1) 36 (2·4) 0 (0·0) 

 

Preoperative 

albumin (g/l) 

37·9 (34 - 40) 37 (34·4 - 40) 

37 (34 - 40) 38·6 (24·7 - 41·6) 37 (34 - 40) 38·4 (35·8 - 40·6) 

Unknown 
1309 (50·6) 1315 (50·9) 

422 (28·1) 887 (81·6) 435 (29·1) 880 (80·5) 

 

Preoperative eGFR
± 

(ml/min/1.73m2) 

85·8 (67·8 - 100·2) 85·9 (67·5 - 100·1) 

87·8 (70·4 - 101·6) 79·2 (63·8 - 96·4) 87·4 (70·6 - 101·1) 82·9 (61·9 - 98·4) 

Unknown 
979 (37·8) 964 (37·3) 

416 (27·7) 557 (51·2) 428 (28·7) 536 (49·0) 

 

Emergency procedure
×
 

Yes 
471 (18·2) 447 (17·3) 

159 (10·6) 312 (28·7) 145 (9·7) 302 (27·6) 

No 
2118 (81·8) 2139 (82·7) 

1343 (89·4) 775 (71·3) 1348 (90·3) 791 (72·4) 

 

Duration of surgery 
90 (60 - 135) 89 (60 - 135) 

85 (5 7 -125) 95 (61 - 155) 85 (55 - 121) 95 (62 - 151) 

 

Intraoperative redosing 

Yes 
172 (6·6) 146 (5·6) 

30 (2·0) 142 (13·1) 27 (1·8) 119 (10·9) 

No 
2417 (93·4) 2440 (94·4) 

1472 (98·0) 945 (86·9) 1466 (98·2) 974 (89·1) 

Percentages may not total 100 due to rounding. 

Values are medians with interquartile ranges except where otherwise stated. 
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SAP+    Surgical antimicrobial prophylaxis 

ASA‡    American Society of Anesthesiologists 

NIDDM†     Non-insulin dependent diabetes mellitus 

IDDM††   Insulin dependent diabetes mellitus 

BMI** Body-mass index refers to the weight in kilograms divided by 

the square of the height in metres 

eGFR±    Estimated glomerular filtration rate 

Emergency procedure× Non-elective procedures with planned incision > 2 hours after 

registration 
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Table 2. Effect of early versus late administration of surgical antimicrobial prophylaxis 

on primary and secondary outcomes in intention-to-treat analysis. 

 

* P values for binary outcomes are Wald p-values from logistic regression and for length of 

stay from a Wilcoxon (Mann–Whitney) rank-sum test. 

SAP: Surgical antimicrobial prophylaxis  

N/A: Not applicable 

† These numbers represent the complete case set, i.e. the numbers of cases with complete 

30 day follow up. For the secondary outcome “all-cause 30 day mortality”, the complete case 

Outcome SAP in 

anaesthesia 

room (early 

administration) 

N = 2296† 

SAP in 

operating room 

(late 

administration) 

N = 2300†     

Odds ratio  

(95% confidence 

interval) 

P* 

Primary outcome 

Surgical-site infection, n (%) 113 (4·9) 121 (5·3) 0·93 (0·72 - 1·21) 0·601 

Superficial incisional 48 (2·1) 55 (2·4) 0·87 (0·59 - 1·29) 0·491 

Deep incisional 23 (1·0) 20 (0·9) 1·15 (0·63 - 2·11) 0·642 

Organ-space 42 (1·8) 46 (2·0) 0·91 (0·60 - 1·39) 0·673 

Secondary outcomes 

All-cause 30 day mortality, n 

(%) 

29 (1·3) 24 (1·0) 1·21 (0·70 - 2·09) 0·485 

Median length of hospital 

stay, days (IQR) 

5·1 (3-9) 5·0 (3-10) N/A 0·375 
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set numbers are 2301 in the early and 2306 in the late group. For the secondary outcome 

“median length of hospital stay”, the complete case set numbers are equal to the total study 

population, i.e. 2589 for the early and 2586 for the late group.  
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Table 3. Spectrum of pathogens in surgical site infections by study site 

SAP+   Surgical Antimicrobial Prophylaxis 

ESBL†    Extended Spectrum Beta-Lactamase 

MRSA††  Methicillin Resistant Staphylococcus Aureus 

 
  

 
 
 

SAP+ in anaesthesia room 
(early administration) 
n = 2296 

SAP+ in operating room 
(late administration) 
n = 2300 

Study site 
Basel 

n=1217 
Aarau 

n=1079 
Basel 

n=1216 
Aarau 

n=1084 

Surgical site infection, n (%) 
113 (4·9) 121 (5·3) 

62 (5·1) 51 (4·7) 62 (5·1) 59 (5·4) 

 

Identification of pathogen 

Yes 13 19 17 24 

No 49 32 45 35 

 

Pathogens 

Escherichia coli 4 7 6 8 

Enterococcus spp. 3 5 4 7 

Coagulase negative 
staphylococci 

5 1 4 3 

Streptococcus viridans 2 1 2 5 

Staphylococcus aureus 1 3 3 2 

Other enterobacteriaceae 1 2 1 4 

Klebsiella spp. 1 0 0 5 

Pseudomonas aeruginosa 2 1 1 2 

Other anaerobic bacteria 1 2 1 0 

Enterobacter spp. 0 2 0 1 

Bacterioides spp. 0 2 0 1 

Candida albicans 0 2 0 1 

Serratia spp. 0 0 0 2 

Pseudomonas non-aeruginosa 2 0 0 0 

Clostridium spp 0 2 0 0 

Candida spp. 1 1 0 0 

Bacillus spp. 0 1 0 0 

Other gram-positive 1 0 0 0 

Proteus spp. 0 1 0 0 

 

Multiresistant pathogens 

ESBL† 1 0 1 2 

Others 0 1 0 2 

MRSA†† 0 1 0 0 
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Figure 2. Subgroup analyses of the effect of early versus late SAP administration on 

surgical site infection 

Figure uploaded as a separate file 

admin.: Administration 

BMI: Body mass index 

The analyses were performed according to intention-to-treat. Three subgroup analyses were 

pre-specified: age (≥65 versus <65 years), body mass index (≥30 versus <30 kg/m2) and 

diabetes (with versus without). Three subgroup analyses were post hoc: Surgical division 

(visceral versus trauma versus vascular), presence versus absence of immunosuppressive 

drugs and wound class (I versus II versus III versus IV). Estimates for the relative effect of 

early versus late administration of antibiotic prophylaxis on the risk of surgical site infection in 

each subgroup are presented as odds ratios with 95% confidence intervals. Interaction terms 

were included between randomisation group and the respective subgroups to obtain 

interaction p-values. 
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Supplementary Appendix 1. 

Detailed list of in- and exclusion criteria. 

Inclusion criteria: 

- Age ≥ 18 years. 

- Inpatient visceral, vascular and trauma procedures.  

- SAP indicated according to international guidelines.1  

Clinical standards for SAP administration are based on CDC guidelines for surgical wound 

classification, as follows: class I (clean) involving an implant (e.g. hernia mesh repair and 

trauma surgery), most major vascular and breast surgery procedures; all class II (clean-

contaminated) procedures (e.g. colorectal, small intestinal, gastroesophageal, biliary 

surgery); and class III (contaminated) procedures when the source of infection is surgically 

entirely removed, obviating the need for antibiotic therapy (e.g. surgery for uncomplicated 

appendicitis, cholecystitis). CDC class IV (dirty-contaminated) wounds are no indication for 

SAP. This wound class suggests that the organisms responsible for infection were present in 

the operative field before surgery. However, since the wound class category is defined during 

surgery, a small number of procedures (n=64) that received SAP before incision and was 

later categorized as wound class IV was included in the intention-to-treat analyses. 

 

Exclusion criteria: 

- Contraindication for study drugs. 

- Pre-existing antibiotic therapy within 14 days of surgery.  

- Any doubt that the patient can make the decision to participate fully informed due to 

cognitive impairment, such as in critically ill or demented patients.  

- Combined operations with other surgical disciplines not participating in this trial 

- Indication for SAP other than cefuroxime +/- metronidazole. 

- Patients that have already been included in another ongoing interventional study. 

- Emergency procedures with planned incision within 2 hours after registration. Emergency 

procedures within two hours may not allow for proper patient information and randomisation 

and we wanted to exclude any risk that the procedure could be delayed by the participation 

in this study. Patients scheduled for less urgent but non-elective procedures with planned 

incision more than 2 hours after the time of indication were included in this study. 
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Supplementary Appendix 2. 

Rationale for the use of inverse probability of censoring weights (IPCW). 

The following table shows a simplified situation with just one dichotomous prognostic factor 

for SSI. Patients can be separated into a high and a low SSI risk group. 

 Number of 
patients 

discharged 
from the 
hospital 

Patients with 
available 
follow-up 

information 

Event 
recorded at 
follow-up 

Fraction 
with an 
event at 
follow-

up 

Probability 
of having 
follow-up 

Inverse of 
the 

probability of 
having 

follow-up 
information 

Low-risk 400 360 72 20% 90.0% 1.11 

High-risk 600 300 150 50% 50.0% 2.00 

Total 1000 660 222 34%   

In the example above, we have 1000 patients discharged from the hospital, and 660 (66%) 

could be followed to obtain the follow-up information. However, the availability of follow-up 

information was not equally distributed among the risk groups. Follow-up information was 

available in 90% for the patients in the low-risk group, and in 50% of the high risk patients. 

SSI risk among those with available follow-up information was 34%, but 20% in the low-risk 

patients and 50% in the high-risk patients. Therefore, it would be inappropriate to conclude 

that the SSI risk of 34% reflects the SSI risk among all 1000 patients. 

 

Obtaining corrected SSI risk estimates 

If we assume that for each risk group the patients with available follow-up information are 

representative of all the patients of that risk group, we would calculate the SSI risk among all 

1000 patients: We expect to have a 20% risk among all 400 low-risk patients (=80 expected 

events), and a 50% risk in high risk patients (=300 expected events). In total we expect 380 

events among all 1000 patients, i.e. a SSI risk of 38%. 

Mathematically, we would obtain exactly the same result (38%) if we conducted a weighted 

analysis restricted to the 660 patients with available follow-up information, but using risk 

group specific weights which are 1·11 and 2, derived as the inverse of the probability of 

having follow-up information. This is called Inverse Probability of Censoring Weights (IPWC). 

There are two advantages of the weighted approach. First, it can easily be extended to more 

than one prognostic variable for the SSI risk using multivariable logistic regression. Second, 

in almost all statistical software packages it is possible to perform an analysis in which the 

units of observation have different statistical weights, and to obtain estimates and 95% 

confidence intervals that account for the weighting. However, this presumes that all relevant 

prognostic variables have been included in the calculation of the weights. If this assumption 
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does not hold true, the corrected risk estimate may still be biased which is known as the 

assumption of “no unmeasured confounding variables”. Finally, when using weights as 

described, one has to be careful how one calculates 95% confidence intervals for the results. 

To obtain valid 95% confidence intervals with 95% coverage one has to use so-called “robust 

standard errors” as implemented in many statistical software packages. Another approach 

will be the use of bootstrap methods.2, 3 
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Supplementary Appendix 3.  

Risk and 95 % confidence intervals for binary primary and secondary outcomes by 

randomisation group from IPCW analysis. 

 

Values are percentages with 95 percent confidence intervals. There are no absolute 

numbers shown in this table due to the nature of the inverse probability of censoring weights 

analysis.  

  

Outcome SAP in 

anaesthesia 

room (early 

administration) 

SAP in operating 

room (late 

administration) 

Odds ratio  

(95 percent 

confidence 

interval) 

p 

Primary outcome 

Surgical-site infection 4·88 (4·08 – 5·84) 5·22 (4·39 – 6·21) 0·93 (0·72 - 1·21) 0·598 

Superficial 

incisional 

2·06 (1·55 – 2·72) 2·34 (1·80 – 3·04) 0·88 (0·59 - 1·30) 0·507 

Deep incisional 1·00 (0·66 – 1·50) 0·87 (0·56 – 1·35) 1·14 (0·63 - 2·09) 0·660 

Organ-space 1·83 (1·35 – 2·46) 2·01 (1·51 – 2·67) 0·91 (0·60 - 1·39) 0·657 

Secondary outcomes 

All-cause 30 day mortality  1·27 (0·88 – 1·82) 1·04 (0·70 – 1·55) 1·22 (0·71 - 2·11) 0·471 
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Supplementary Appendix 4. 

Subgroup analysis of risk of surgical site infection by randomisation group from IPCW 

analysis. 

Figure uploaded as a separate file 
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Background 

The importance of surgical research for the prevention of surgical 

site infections 

Surgical site infections (SSI) account for 14% to 16% of all nosocomial infections in 

hospitalised patients and are considered the most common form of nosocomial infection 

among surgical patients [1]. Despite a variety of different prevention measures, as many as 

5% of all patients undergoing surgery develop SSI, which lead to additional morbidity and 

mortality [2-4]. Patients with SSI require a longer hospital stay, more nursing care, and often 

readmissions with additional surgery [5-8]. The combined additional direct and indirect costs 

of treating SSI are substantial [9-12]. Hospitals are under pressure to reduce costs, and 

efforts to decrease the rate of SSI have therefore become a matter of increasing interest for 

surgeons, operating room nurses, anaesthesiologists, infection control professionals and 

healthcare epidemiologists [13]. Nowadays, SSI are considered to reflect the quality of care 

in a hospital, as they are potentially preventable complications directly linked to surgery. 

However, many of the current recommendations of the Centers for Disease Control and 

Prevention (CDC) and the World Health Organization are based on evidence from 

observational studies in the absence of confirmatory trials [1,14]. 

Surgical antimicrobial prophylaxis 

The introduction of routine surgical antimicrobial prophylaxis (SAP) was a breakthrough in 

the prevention of SSI [15]. Today, SAP is administered in surgical units on a daily basis. 

Based on evidence from observational and randomised controlled trials (RCT), there is 

widespread agreement for the use of SAP before all gastrointestinal, oropharyngeal and 

gynaecological procedures [15-23]. There is ongoing controversy about the use of SAP for 

‘clean’ operations, in which the absolute number of infections is low and the number of 

administrations of SAP needed to prevent one infection is high. It is well accepted for the 

following clean surgeries, in which the consequence of any infection is severe: orthopaedic 

prosthesis placement, vascular surgery, open-heart surgery and neurosurgery procedures 

[24-33]. A reduction in infection rates is well documented for other clean operations such as 

breast, varicose vein and hernia repair procedures [34-38]. However, in these procedures 

the morbidity of the infection is generally low and the benefits of SAP must be balanced 

against its costs and possible adverse effects. 
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Several antibiotics have been shown to reduce the incidence of SSI. Many hospitals, 

especially in the US, use very complex SAP regimes with a variety of antimicrobial drugs 

that have different pharmacokinetics depending on the type of surgery performed 

[15,16,39,40]. Current guidelines, however, suggest that single-shot administration of a first-

or second-generation cephalosporin is sufficient for optimal prevention of SSI in the absence 

of high rates of resistant bacteria [41]. Due to a limited anaerobic activity of most 

cephalosporins, treatment is supplemented with metronidazole where indicated. The time 

interval to motivate redosing is generally set at four hours. Therefore, in several hospitals in 

Switzerland, including the University Hospital of Basel and the Hospital of Aarau, SAP 

consists of single-shot administration of cefuroxime (a second-generation cephalosporin), 

combined with metronidazole in colorectal and proctologic surgery, that is repeated in 

operations exceeding four hours. 

When to administer surgical antimicrobial prophylaxis? 

Before the late 1960s, most prophylactic antibiotics were administered after the end of a 

surgical procedure and were found to be ineffective [42]. In 1961, Burke [43] showed the 

timing of SAP to be crucial in animals. Subsequent studies in humans suggested that 

adequate tissue levels of an appropriate antibiotic during surgery were essential [21,44-47]. 

The observational landmark study by Classen and colleagues [48] in 1992 provided the 

basis for the antimicrobial agents to be administered within two hours before skin incision. 

Other authors narrowed the optimal window for SAP to less than 60 minutes before skin 

incision [49,50]. Importantly, two large prospective studies observed the lowest risk of SSI 

when SAP was given within 30 minutes prior to incision, and the National Surgical Infection 

Prevention Project simply recommends administering SAP as close to the incision time as 

possible [51-53]. Similar statements are made in European guidelines [54,55]. 

However, despite the obvious importance of infection control by SAP, none of the 

recommendations on the optimal timing is backed by evidence obtained from a RCT. The 

historic study by Classen and colleagues [48] was conducted when it was standard practice 

to administer antibiotics to all patients for at least 24 hours, which was extended to ≥48 

hours in more than 80% of cases. Moreover, the antibiotics administered had widely varying 

half-life times. Consequently, the Classen et al. time window may not be appropriate for an 

optimal prevention of SSI as practiced today with single-shot regimes. In addition, there is 

little evidence in the literature to suggest that tissue levels of cefuroxime could reach the 

minimum inhibitory concentration within a few minutes after administration. Different authors 

have attained appropriate tissue levels of cefuroxime anywhere from 20 to 90 minutes after 
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intravenous application [56-58]. The translocation of skin microorganisms into the wound 

during incision is the first vulnerable phase of surgery, and administering SAP only a few 

minutes before incision might not be optimal to achieve the tissue levels required to prevent 

SSI. 

Several recent studies of other antimicrobial agents with different pharmacokinetics support 

this hypothesis. In vivo microdialysis, for example, is a new development that allows the 

measurement of continuous unbound antibiotic concentrations in muscular and 

subcutaneous interstitial fluid during surgery. Hutschala et al. [59] described this in vivo 

approach of microdialysis to measure continuous tissue levels of cefazolin. Importantly, the 

authors state that ‘Cefazolin should be administered at least 60 minutes before skin incision 

to guarantee for optimal tissue concentration at the beginning of surgery. Vast inter-

individual differences were observed for the time required to reach maximum interstitial 

concentrations. So it seems reasonable to administer the prophylactic antibiotic as early as 

possible before skin incision’ [59]. 

Two recent prospective observational studies of other antimicrobial agents with different 

pharmacokinetics are noteworthy [60,61]. In one, the administration of vancomycin 16 to 60 

minutes before incision in coronary artery bypass surgery was associated with the lowest 

risk of SSI [60]. The other study showed that the rate of SSI after uncomplicated open 

appendectomy was lower when the antibiotic was administered more than one hour versus 

one hour or less before surgery [61]. Finally, the results of an observational cohort study 

performed at the University Hospital of Basel suggest that the ideal timing of SAP is between 

74 and 30 minutes before skin incision [62]. 

Relevant ongoing research 

As of 27 January 2014, there are 198 studies on ‘surgical site infection AND prevention’ or 

‘surgical site infection AND prophylaxis’ - excluding the present one - registered on 

ClinicalTrials.gov, 88 of which are open. There were 122 studies found using the terms 

‘surgical site infection AND antibiotic’, all of which were covered by the above search criteria. 

Finally, there were 75 studies found using ‘surgical site infection AND prophylaxis AND 

antibiotic’. 

None of these 198 studies investigates the incidence of SSI as a function of SAP timing. 

Instead, most of them assess the impact of multiple SSI prevention measures on the risk of 

SSI, such as nasal decontamination, surgical hand antisepsis, preoperative patients’ skin 

cleansing, hair clipping, supplemental oxygen, local warming and antibacterial sutures. 
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Some studies focus on different aspects of SAP, such as the overall efficacy of different 

types, doses, durations or ways of applications of SAP in specific subsets of patients; others 

assess the impact of quality improvement programs on compliance with current guidelines. 

In summary, SSI are frequent surgical complications that have an important impact on 

healthcare costs. SAP prevents SSI and has therefore become a main stem of surgical 

infection control in many surgical interventions. Current guidelines for the correct timing of 

SAP, however, are still based on observational and pharmacokinetic studies. Such studies 

have recently achieved discordant results. A well-conducted RCT seems warranted to obtain 

a clear answer on the optimal timing. There is currently no ongoing or planned trial 

registered on ClinicalTrials.gov to address this question. The use of a single-shot single-drug 

SAP regime at two tertiary referral centres in Switzerland provides an ideal setting to plan 

and conduct an RCT on the optimal timing of SAP. 

Current state of own research in the field 

In a quality assessment study conducted at the University Hospital of Basel, we 

prospectively followed 6,283 consecutive general, oncologic, vascular and orthopaedic 

trauma surgery procedures closely for evidence of SSI, and then analysed the dataset for 

the influence of various SSI risk factors. The a priori hypothesis of that study was that the 

timing of SAP would have a significant impact on the occurrence of SSI. The lowest rates of 

SSI were observed with the antibiotics being administered between 74 and 30 minutes 

before surgery, and the association remained virtually unchanged when controlling for 

patient and procedural risk factors for SSI [62]. 

Within that cohort study, a matched case-control study was conducted on the economic 

impact of in-hospital SSI at the University Hospital of Basel. The mean additional hospital 

cost per SSI was 19,638 CHF (95% confidence interval 8,492 to 30,784) or 12,765 Euro 

(95% confidence interval 5,520 to 20,010) [63]. Further analyses of this cohort study suggest 

that glove perforation is associated with an increased SSI risk in the absence of SAP, but 

show no statistically significant associations between transfusion, anaemia or tutorial 

assistance and the risk of SSI [64-66]. A review of the microbiological features of SSI in this 

series demonstrates the absence of multiresistant germs and validates the continuous use of 

single-shot single-drug SAP with cefuroxime (plus metronidazole in colorectal and 

proctologic surgery) [67]. Finally, a secondary analysis has been conducted to assess the 

sensitivity of our clinicians SSI surveillance system to register in-hospital SSI [68]. 
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Aims 

The final goal of this present project is to reduce the rate of SSI by providing level I evidence 

on the optimal timing of the administration of SAP in general, oncologic, vascular and 

orthopaedic trauma surgery. We expect that evidence to influence international guidelines 

for SAP. The hypothesis to be tested is that the risk of SSI is significantly lower with 

cefuroxime (plus metronidazole in colorectal surgery) applied in the anaesthesia room (75 to 

30 minutes before surgery) as compared to its administration in the operating room (within 

the final 30 minutes before surgery) [62]. 

Methods/design 

Study design and sites 

This bi-centre prospective RCT is being conducted at the University Hospital Basel and the 

Hospital of Aarau, two tertiary referral centres in Switzerland. The trial has been registered 

on ClinicalTrials.gov under the identifier NCT01790529. 

Patients 

Eligible patients are informed about the study by a member of the surgical team and receive 

a patient information sheet explaining the rationale and procedures of the study. The 

information sheet is available in Albanian, English, French, German, Italian, Portuguese, 

Serbo-Croatian, Spanish and Turkish. Written informed consent is obtained from each 

patient prior to randomisation (Figure 1) 
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Figure 1 Study flow chart 

 

CDC: Centers for Disease Control and Prevention; SAP: surgical antimicrobial prophylaxis. 

 

Inclusion criteria 

Inpatients aged 18 years or older undergoing general, oncologic, vascular and orthopaedic 

trauma procedures with an indication for SAP according to clinical standards are eligible for 

this study. 

Clinical standards for SAP administration are based on CDC guidelines for surgical wound 

classification as follows: class I (clean) involving an implant (for example, hernia mesh repair 

and trauma surgery), and most major vascular and breast surgery procedures; class II 

(clean-contaminated) procedures (for example, colorectal, small intestinal, gastroesophageal 

and biliary surgery); and class III (contaminated) procedures when the source of infection is 

surgically removed, obviating the need for antibiotic therapy (for example, surgery for 

uncomplicated appendicitis, cholecystitis) [1]. SAP is not indicated for CDC class IV (dirty-

contaminated) wounds. This wound class suggests that the organisms causing 

postoperative infection were present in the operative field before the operation, and patients 

Inpatient	general,	oncologic,	vascular	

and	orthopaedic trauma	surgical	

procedures

Indication	for	SAP	according	to	CDC

Informed	consent

Randomise

Arm	A:	SAP	in	the	anaesthesia room

(75	-30	minutes	before	incision)

Arm	B:	SAP	in	the	operating	room

(<30	– 0	minutes	before	incision)

Inpatient	Follow-up

Daily	surveillance	by	study	team

Outpatient	Follow-up	at	30	days

(and	at	1	year	if	implant	is	in	

place)	

• Contraindication	for	study	drugs

• Concurrent	antibiotic	therapy

• Cognitive	impairment

• Time	from	indication	to	incision	<2	hours

• SAP	other	than	Cefuroxime	/	Metronidazol
• Patient	already	in	different	study

Exclusion
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are frequently receiving therapeutic antimicrobial agents perioperatively for established 

infections. Therefore, neither the term SAP nor the term SSI is correct in such procedures. 

Exclusion criteria 

Patients are excluded on the following bases: 

• Outpatient surgery 

• Contraindication for study drugs, in particular penicillin type I allergy 

• Pre-existing antibiotic therapy within 14 days of surgery 

• Any doubt that the patient can make the decision to participate fully informed 

because of cognitive impairment, such as in critically ill patients or those with 

dementia 

• Combined operations between general, oncologic, vascular or orthopaedic trauma 

surgery and other surgical disciplines not participating in this trial 

• Indication for SAP other than cefuroxime and/or metronidazole 

• Patients who have already been included in other interventional studies, unless 

specific permission has been granted in accordance with local ethics committee 

guidelines 

• Emergency procedures with planned incision within two hours after the surgeon 

indicated the procedure. 

In the case of the latter criterion, emergency procedures within two hours may not allow for 

proper patient information and randomisation and we want to exclude any risk that the 

procedure could be delayed by participation in this study. Patients scheduled for less urgent 

but non-elective procedures with planned incision more than two hours after the time of 

indication are eligible for participation in this study since evidence for the correct timing of 

SAP in such procedures is needed and cannot simply be deduced from elective procedures. 

Thus, the results of this trial potentially have an impact on the prevention of SSI in patients 

undergoing such procedures in the future. However, if obtaining appropriate informed 

consent is jeopardized by the urgency of the procedure, the patient will be excluded and 

data on the reason for individual exclusion will be collected. 

Randomisation and intervention 

After written informed consent is obtained from eligible patients, they are randomised 

electronically and stratified by hospital, according to a pre-existing randomisation list. 

Randomisation results are presented both electronically and printed to the anaesthesiologist 
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responsible for SAP administration. Patients are not informed on group assignment. They 

are randomised in a 1:1 ratio to have SAP administered in the anaesthesia room, which is 

located next to the actual operating room (arm A), versus in the operating room itself (arm 

B). Patients in arm A receive the antibiotics between arrival in the anaesthesia room and 

transfer to the operating room, corresponding to the time window of 75 to 30 minutes before 

the scheduled incision. Patients in arm B receive the antibiotics between arrival in the 

operating room and the time of incision, corresponding to the time window of less than 30 

minutes to 0 minutes before the scheduled incision. SAP is administered by the anaesthetic 

team to all patients via single-shot, intravenous infusion of 1.5 g (or 3 g for patients ≥80 kg) 

of cefuroxime in 100 ml of a 0.9% sodium chloride solution within 5 minutes and is combined 

with metronidazole (500 mg (or 1,000 mg for patients ≥80 kg) intravenous infusion, within 5 

minutes) in colorectal patients, who receive no additional intraluminal antibiotics. Hence, the 

duration of the infusion is highly standardised. The anaesthesiologist or anaesthesia nurse 

who administers SAP records the exact time at which the infusion starts. Until 29 April 2013, 

corresponding to the inclusion of the first 221 patients, we instead recorded the time that the 

infusion ended. We had to make this amendment for feasibility reasons after consulting 

several opinion leaders in the field and the corresponding literature, and confirming that the 

standard is to report when the infusion starts. In operations that last more than four hours, 

SAP is re-administered every four hours after the first dose. In patients with impaired renal 

function, this re-dose will be adapted according to the creatinine clearance. 

Study endpoints 

The primary endpoint of this study is the occurrence of any SSI within 30 days after surgery 

(within one year after implant surgery).  

Amendment: During the conduct of the study, the CDC National Healthcare Safety Network 

(NHSN) announced to abandon the generalised 1 year follow up requirement in case of 

implant surgery. Instead, the surveillance period required by the new definition of deep 

incisional and organ/space SSI was shortened to 90 days for procedures involving implants 

(https://www.cdc.gov/nhsn/PDFs/pscmanual/9pscssicurrent.pdf). In addition, the surveillance 

period was extended from 30 to 90 days for a variety of procedure types. Some of these 

procedure types were included in the study and did often not involve implants, namely breast 

surgery, herniorrhaphy, and peripheral vascular bypass surgery. The follow up period of 30 

days, however, was not changed for deep incisional and organ/space SSI for all other 

procedure types, and for all superficial incisional SSI independent of procedure type. 

Therefore, we decided on July 30, 2015, to use the 30 day follow up for the primary endpoint 
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SSI, since this surveillance period was pre-specified for all procedures in the study, and to 

abandon the additional follow up one year after surgery in case of implants. 

SSI are defined as incisional (either superficial or deep) infection or organ-space infection 

according to CDC criteria [1]. Superficial incisional SSI involve skin and subcutaneous 

tissues only, common stitch mini-abscesses are excluded; deep incisional infections involve 

fascia and muscle; and organ/space infections involve any organ or space other than the 

incised layer of body wall that was opened or manipulated during surgery. 

The operating surgeon and his team perform routine wound surveillance according to clinical 

standards including diagnosis and treatment of SSI. The physicians of the ward who are in 

charge of inpatient care are masked to the intervention and are responsible for the 

assessment of SSI for the purpose of this study, which is continuously cross-checked by 

supervising members of the blinded wound surveillance team. In addition, inpatients are 

seen regularly by members of the blinded study team. This ensures appropriate sensitivity to 

detect in-hospital events. Clinicians are not allowed to overrule study team members in 

arbitrary situations about diagnosing SSI. 

For post-discharge follow-up, trained investigators blinded for treatment allocation contact all 

patients 30 days after surgery by telephone. The past or present occurrence of SSI is 

assessed using a standardised questionnaire, and the physician who performed post-

discharge clinical follow-up is identified. Whenever ongoing SSI are suspected, patients are 

investigated in the outpatient clinic of the two involved study centres, clinically relevant 

microbiological samples are cultured as needed, and the patient receives standard 

treatment. Whenever the telephone assessment suggests past SSI, primary care physicians 

are contacted and outpatient charts reviewed to gain additional information for validation of 

the event as described below. 

In case of implant surgery, an additional telephone assessment is performed one year after 

surgery, covering the mandatory follow-up period of one year as defined by CDC in 1999 [1]. 

As stated in the amendment above, we decided on July 30, 2015, to abandon this additional 

one year follow up due to a change in definition of SSI. 

To ensure appropriate specificity, all cases of SSI are validated by a board certified 

infectious disease specialist who is blinded for the intervention, based on a comprehensive 

review of patient history, clinical findings, microbiology results and follow-up data. 
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Pre-specified secondary endpoints of this study are all-cause 30-day mortality and length of 

hospital stay. In addition, we plan to evaluate the SSI-related economic burden in a matched 

case-control study nested within this RCT. 

Patient and procedure characteristics 

The selection of demographics and assessment of patients’ health profiles are in accordance 

with the design used in our observational study [62], including all relevant patient 

characteristics, as well as preoperative laboratory values and factors that might influence 

wound healing. These involve, but are not limited to, American Society of Anesthesiologists 

(ASA) score, number of comorbidities on admission, smoking status, diabetes mellitus, 

immunosuppressive drugs, body mass index, preoperative albumin, wound class, type and 

duration of surgery, experience of the surgical team, surgical specialty, intraoperative core 

temperature, adherence to aseptic technique, and emergency procedure. The Study on the 

Efficacy of Nosocomial Infection Control and the National Nosocomial Infections Surveillance 

System (NNIS) SSI risk indices are based on some of these variables and will be calculated 

for each patient. 

Study management and administration 

Data management and monitoring is supported by the Clinical Trial Unit of the University 

Hospital Basel. Source data of every study participant are entered into an electronic data 

capturing system (eOPPS/ISOP; ProtecData AG, Boswil, Switzerland) and secondarily 

transferred into the study data management system SecuTrial® (interActive Systems GmbH, 

Berlin, Germany).  

Amendment: Instead of using SecuTrial®, all software for data capturing and management 

was specifically programmed for the purposes of this study by ProtecData AG, Boswil, 

Switzerland. The system was programmed in compliance with Good Clinical Practice and 

fulfilled the criteria of a study database, such as patient data security, limited access, 

masking of the study team, audit trails, and time/date stamps. 

Quality control measures 

Monitoring 

Continuous central and on-site monitoring of the study is performed by an independent 

committee of the Clinical Trial Unit for quality control and assurance purposes; to evaluate 

Published in final edited form as: Lancet Infect Dis. 2017 Jun;17(6):605-614. doi: 10.1016/S1473-3099(17)30176-7



 12 

the progress of the study; to verify the accuracy and completeness of case report forms 

(CRFs); to ensure that all protocol requirements are met, and all applicable local authority 

regulations and investigator’s obligations are being fulfilled; and to resolve any inconsistency 

in the study records. Monitoring will consist of one initiation visit (12 hours), two monitoring 

visits (two days each) per year and one close-out visit (12 hours) each per centre. 

Sample size considerations and statistical analyses 

Sample size consideration 

We base our sample size consideration on the planned 1:1 ratio between the two groups of 

patients (SAP administered 75 to 30 minutes (arm A) versus less than 30 minutes to 0 

minutes (arm B) before surgery), according to the results of our observational study 

conducted in the years 2000 to 2001 at the University Hospital of Basel [62]. In this study, an 

average SSI rate of 4.7% in 3,836 general, oncologic, vascular and orthopaedic trauma 

surgery procedures was observed. This rate varied between 4.7% and 6.8% with SAP given 

between 29 and 0 minutes before incision, and between 2.4% and 3.4% with SAP given 75 

to 30 minutes prior to incision. The main scenario for sample size calculations was that 

administration of SAP 75 to 30 minutes before surgery (in the anaesthesia room) would 

result in a 33% relative reduction of SSI risk and that SAP administration less than 30 

minutes before surgery (in the operating room) would result in a SSI rate of 5%. We 

therefore plan to randomise 5,000 patients in a 1:1 ratio, thus resulting in two groups of 

2,500 patients each. Sample size calculations were conducted using the ‘sampsi’ command 

of Stata Software Version 11 with a power of 80% and a two-sided type I error of 5%. 

Statistical analyses 

In order to analyse the difference in SSI occurrence between the two timing groups, logistic 

regression models will be used with the treatment group as the main exposure variable. The 

main analysis will be an intention-to-treat analysis. In secondary analyses, the logistic 

regression model will include the following known and suspected baseline risk factors for 

SSI: Wound classification, ASA score, NNIS score, age, body mass index categories, 

presence of diabetes, smoking status, adherence to aseptic technique, and experience of 

the surgical team. 

Additional analyses of the study will assess whether the difference of SSI risk in the two 

timing groups differ in specific subsets of patients: age (≥65 versus <65 years), body mass 

index (≥30 versus <30 kg/m2), diabetes (with versus without), and previous or current 
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smoker (yes versus no). The rationale for these analyses is that we suspect the 

pharmacokinetics of the study drugs to be different in these subgroups. This might have an 

impact on the efficacy of SAP in the relevant timing categories. 

Descriptive analyses will show the difference in the distribution of exact timing by 

randomisation group and further analyses will focus on the detailed association of the exact 

timing of SAP with SSI risk. These latter analyses will be of observational character. 

Amendment: The following addition to the statistical analysis plan was done on May 23, 

2016: Even though all patients were completely followed during their hospital stays, not all 

patients could be contacted after discharge to ascertain SSI and vital status at day 30. 

Therefore, it was decided to not only perform the main intention-to-treat (ITT) analysis with 

available 30 day SSI and vital status in form of a complete case analysis. The ITT analysis 

will also be performed using inverse probability of censoring weights (IPCW). [69,70]  IPCW 

analysis accounts for the possibility that the likelihood of having obtained follow-up 

information might vary and might depend on known risk factors of SSI and mortality. IPCW 

will be derived from a logistic regression with availability of follow-up information as the 

outcome including predictors related to surgery (wound class, surgical division, duration of 

surgery, emergency surgery) and related to the patient (ASA score, number of comorbidities, 

having diabetes, BMI above 30, being older than 65, taking immunosuppressive drugs and 

smoking status). Robust standard errors will be used in the IPCW logistic regression 

analyses.  

Interim analysis 

One interim analysis is planned after 2,500 patients. For this interim analysis, the outcome 

will be 30-day SSI risk. Decisions to stop will be taken using a fully probabilistic approach 

[71]. Briefly, we will calculate the predictive probability to obtain a statistically significant 

difference between the two arms at the end of the study. If this predictive probability is less 

than 5%, we will stop the trial for futility. For illustration, this will occur if the observed risk 

ratio in the interim analysis (SAP in anaesthesia room versus SAP in operating room) is 

exactly 1 with 100 SSI in both study arms with 1,250 patients per arm. After 2,500 patients, 

this would result in an estimate of the risk ratio of 1 with a 95% confidence interval from 0.77 

to 1.31. The predictive probability to obtain a statistically significant difference (P <0.05) 

between the two arms is 4.6% at the end of the study (that is, after the next 2,500 patients in 

both arms) and thus the trial would be stopped for futility. If the predictive probability to 

obtain a P-value of less than 4.5% at the end of the study is more (or equal) than 95%, we 

will stop the trial early for benefit. If not stopped early for superiority, the study continues to 
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full length and a P-value of less than 4.5% is necessary to call a final result statistically 

significant. The overall type I error for this superiority stopping rule is 4.9% and was 

estimated using simulations of the scenario of identical SSI risk in two study arms of 5%. 

Ethical considerations 

Participation in this trial is strictly voluntary, and patients are allowed to exit the trial at any 

point without explanation. All eligible patients are provided an information sheet describing 

the study with sufficient information for them to make an informed decision about their 

participation in this study. Patients will be excluded if receipt of adequate informed consent is 

jeopardized by cognitive impairment or the urgency of the procedure. 

The study protocol, patients’ information sheets and informed consents and their translations 

were approved by the two respective local ethics committees (‘Ethikkommission beider 

Basel’ and ‘Kantonale Ethikkommission Kanton Aargau’). Moreover, insurance coverage of 

general liability has been obtained by both study centres. 

Patients who decline to participate in this study are treated according to clinical standards. 

This includes the administration of SAP in one of the two timing categories. However, these 

patients will not be included and no study-specific follow-up will be performed. 

Participants’ confidentiality 

The participants’ confidentiality is maintained at all times. For confidentiality reasons, CRFs 

must not contain any personal data of study participants. Personnel from the sponsor and 

regulatory authorities and members of the ethics committees are obliged to respect 

confidentiality and to refrain from divulging the participants’ identity or any other personal 

information they might be aware of. Source data in the hospital’s electronic patient 

information systems are secured by personal passwords and handled with respect to 

medical secrecy. 

Archiving and data retention 

The investigator will maintain all study-related records, such as CRFs, medical records, 

laboratory reports, informed consent documents, safety reports, information regarding 

participants who discontinued, and other pertinent data. All records are to be retained by the 

investigator as long as required by the applicable laws and regulatory requirements (10 

years). Thereafter, all data will be destroyed. 
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The only parameters exclusively acquired for study purposes are the result of randomisation 

and whether the 30-day follow-up (one year if an implant is in situ) has been performed or 

not. As stated in the amendment above, we decided on July 30, 2015, to abandon this 

additional one year follow up due to a change in definition of SSI. 

The study is conducted in compliance with this protocol and according to Good Clinical 

Practice standards as well as legal regulations. 

Amendment: However, in accordance with the local ethics committees, only serious adverse 

events (SAE) are to be reported to the sponsor, specifically death from any cause, life 

threatening SAE, SAE that cause a prolongation of the length of hospital stay, SAE that 

cause a persistent and significant handicap to the patient (e.g. stroke) and SAE that 

necessitate an intervention in order to prevent one or several of the above mentioned. 

Deaths are additionally reported to the ethics committee within 7 days of becoming apparent 

to the study team. SSI as SAE are not to be reported as these equal the endpoint of this 

study. (Because of the high numbers of critically ill patients in the study population and 

because the surgical antimicrobial prophylaxis is administered per clinical standards, it would 

be merely impossible to report all adverse events to the sponsor and authorities. This was 

confirmed by the ethics committees.) 

Abbreviations 

ASA, American Society of Anesthesiologists; CDC, Centers for Disease Control and 

Prevention; CRF, case report form; NNIS, National Nosocomial Infections Surveillance 

System; RCT, randomised controlled trial; SAP, surgical antimicrobial prophylaxis; SSI, 

surgical site infection. 
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