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Abstract: 30 

Objectives: Data on the impact of systemic antibiotics at the time of catheter insertion are scarce. 31 

Therefore, we assessed the association between coincident antibiotic administration at insertion and 32 

short-term catheter-related infections. 33 

Methods: We used individual data gathered from five large, randomized, controlled ICU trials. We 34 

analyzed adult patients who required arterial, short-term central venous or dialysis catheter insertion in 35 

the ICU. The effect of antibiotics at insertion on major catheter-related infection (MCRI), catheter-36 

related bloodstream infection (CRBSI) and colonization was estimated using multivariate marginal 37 

Cox and propensity score models.  38 

Results: We included 10,269 patients and 18,743 catheters from 36 ICUs. Antibiotic use was ongoing 39 

at the time of 11,361 (60.6%) catheter insertions. After adjusting for well-known risk factors for 40 

intravascular catheter infection, we observed a similar risk for MCRI (HR 0.83, 95% CI 0.62-1.10, 41 

p=0.19) and CRBSI (HR 0.85, 95% CI 0.60-1.22, p=0.38) between the antibiotic and no-antibiotic 42 

groups. A confirmatory analysis using propensity score showed consistent results. No specific 43 

antibiotic subclasses reduced the risk of MCRI. Non-fermenting Gram-negative bacilli were more 44 

frequently observed in the antibiotic group. 45 

Conclusions: Ongoing antibiotic administration at the time of catheter insertion was not associated 46 

with a decrease risk of catheter-related infections and should not be administered for preventing such 47 

infections. Our results bring new insights to antimicrobial stewardship in critically ill patients and may 48 

direct empirical antimicrobial therapy if MCRI is suspected. 49 

 50 
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Introduction 51 

Short-term intravascular catheters are essential in the care of critically ill patients. Central venous 52 

catheter (CVC) are frequently used in European intensive care units (ICUs) and ICU-acquired 53 

bloodstream infections are catheter-related in almost half of cases [1]. Additionally, intravascular 54 

catheter-related infections are associated with increased morbidity and mortality [2]. 55 

The role of prophylactic systemic antibiotics at the time of catheter insertion remains the subject of 56 

ongoing debate. In long-term catheters of oncologic patients, flushing and locking long-term CVCs 57 

with a combined antibiotic and heparin solution significantly decreases risk of Gram-positive catheter-58 

related infection [3]. Use of prophylactic antibiotics at the time of dialysis catheter insertion 59 

significantly reduces risk of catheter-related infections and bacteremia [4]. A meta-analysis including 60 

three relatively small studies concluded that the routine use of prophylactic systemic antibiotics in 61 

neonates during the full period of CVC maintenance reduced the rate of “proven” or “suspected” 62 

septicemia and of clinical sepsis [5].  63 

The role of systemic antibiotic prophylaxis in adults with short-term intravascular catheters remains 64 

unresolved and the literature shows conflicting results [6-9]. We performed a post-hoc analysis using 65 

high-quality, individual data gathered from five large randomized, controlled trials (RCTs) [10-14] to 66 

determine the association between coincident systemic antibiotic at insertion and short-term 67 

intravascular catheter-related infections in critically ill patients. 68 

 69 
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Material and Methods 70 

Design and data sources 71 

We performed a post-hoc analysis using individual patient data from five large RCTs (DRESSING1, 72 

DRESSING2, ELVIS, CLEAN and 3SITES) [10-14]. The definitions and inclusion criteria were 73 

similar among all these RCTs.  Therefore, we merged the five study databases. The objectives of the 74 

five studies were similar: to evaluate the effect of specific prevention measures on the risk of 75 

intravascular catheter complications. Briefly, the DRESSING1 study assessed the effect of 76 

chlorhexidine-gluconate (CHG) sponge for preventing catheter-related infections [10]. The 77 

DRESSING2 study evaluated the effect of CHG gel-dressing for catheter-related infections prevention 78 

[11]. The ELVIS trial evaluated the risk of infection with or without ethanol lock among short-term 79 

dialysis catheters [12]. The impact of skin antisepsis with 2% CHG compared to povidone iodine-80 

alcohol [PVI] on intravascular catheter-related infections was investigated in the CLEAN study [13]. 81 

The 3SITES study evaluated differences in infectious and mechanical complications between the 82 

subclavian, jugular and femoral insertion sites [14]. CHG-sponges, CHG-gel dressing, CHG-skin 83 

antisepsis and the subclavian vein insertion site decreased the risk of catheter infection[10, 11, 14]. 84 

The study interventions were not blinded to the ICU staff nor to the investigators. They were blinded 85 

to the microbiologists who processed the blood and catheter cultures and to the adjudication 86 

committee. The five RCTs were approved by the national ethic committees.  87 

Patients 88 

Adult patients (≥18 years) were recruited from 2006 to 2014 in ICU in France as soon as they required 89 

an arterial catheter (AC), a CVC or a short-term dialysis catheter (DC) insertion [10-14]. Patients 90 

underwent follow-up until 48 hours after ICU discharge [10-13], ICU discharge [14] or death [10-14]. 91 

Catheters 92 

This post hoc analysis investigated individual data from short-term catheters included in the five 93 

RCTs. All short-term catheters were managed in the same way and complied with national 94 

recommendations (i.e., French Haute Autorité de Santé checklist) [15], which are similar to U.S. 95 
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(Centers for Disease Control and Prevention) recommendations [16]: 1) maximal sterile barrier 96 

precautions were used (surgical hand antisepsis; large sterile drape; mask, cap, sterile gloves, and 97 

gown); 2) the site of insertion was selected according to the randomization scheme [14] or at the 98 

physician’s discretion [10-13]; 3) CHG or PVI was utilized for skin antisepsis at catheter insertion and 99 

during dressing changes according to the randomization scheme [13] or at the physician’s discretion 100 

[10-12, 14]; 4) standard or impregnated-dressings were changed 24h after insertion and then every 3 or 101 

7 days according to randomization scheme or standard practices in each ICU [10-14]. Soiled, wet or 102 

leaking dressings were immediately removed and changed. Antibiotic- or antiseptic-impregnated 103 

catheters were not included in the five RCTs. Most importantly, antibiotics were administered at the 104 

physician’s discretion and this variable was routinely collected in all studies (i.e., in the 48h before the 105 

insertion). Of note, the reason for antibiotic use was not known (e.g., treatment of a known infection or 106 

prophylaxis). The physicians caring for each patient decided independently to remove catheter. 107 

Outcomes and definitions 108 

French and U.S. definitions were used [17, 18].  A catheter culture yielding ≥1000 cfu/mL was 109 

required for defining catheter tip colonization [19]. Catheter-related bloodstream infection (CRBSI) 110 

was a combination of 1) ≥1 positive peripheral blood culture sampled after >48h of catheter 111 

maintenance or within 48h after removal; 2) the identification of the same microorganism from the 112 

positive catheter tip culture, or a blood culture differential time-to positivity of ≥2h [11, 13] (i.e., time 113 

growth difference between catheter-drawn blood culture and peripherally-drawn blood cultures) [20]; 114 

and 3) no other source of bacteremia or fungemia other than the catheter. Positive blood culture with 115 

coagulase-negative staphylococci (CoNS) were considered if the same pulsotype (i.e., the clonality 116 

was checked) was identified from the isolates recovered from the catheter tip and blood culture [11]. 117 

Alternatively, the same microorganism that colonized the catheter tip was identified in >1 separate 118 

peripheral blood cultures [10, 12-14]. Catheter-related clinical sepsis without bloodstream infection 119 

(BSI) was a combination of abnormal temperature (≤36·5°C or ≥38·5°C), positive catheter tip culture, 120 

purulence at the insertion site, or resolution of clinical sepsis after catheter removal, and no apparent 121 

infectious source other than the catheter. Major catheter-related infection (MCRI) was defined as 122 
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either catheter-related clinical sepsis without BSI or a CRBSI. Of note, MCRI is a moderate to good 123 

surrogate endpoint for CRBSI [21].  We performed an exploratory analysis for the following antibiotic 124 

groups which were routinely collected in four studies [10-13]: beta-lactam, beta-lactam with activity 125 

against Pseudomonas spp, antibiotics against only Gram-positive microorganisms (i.e., glycopeptide, 126 

linezolid or lincosamide), aminoglycoside/quinolone/trimethoprim-sulfamethoxazole, and others.  127 

Statistics 128 

Patient and catheter characteristics are described as median (interquartile range) or number (percent), 129 

as appropriate. 130 

The statistical plan had three steps: 1) To evaluate the association between antibiotics at insertion and 131 

MCRI, CRBSI and colonization using multivariate Cox models; 2) to perform a secondary analysis 132 

using a propensity score model; 3) and to explore if a specific antibiotic subgroup was associated with 133 

a reduction of MCRI. 134 

We performed “marginal” Cox models, which considered a possible clustering effect of multiple 135 

catheters per patient [22], and we stratified by ICU. Data were censored at 28 days after catheter 136 

insertion. A hazard ratio (HR, representing the daily risk for infection during the catheter maintenance) 137 

was derived: a HR <1 indicated a decreased risk for antibiotics at insertion. This model considers the 138 

intra-cluster dependency (i.e., more than one catheter per patient), using robust sandwich covariance 139 

estimates (PROC PHREG of SAS) [23]. The proportionality of hazard risk for antibiotic at insertion 140 

was tested using Martingale residuals. HR for MCRI, CRBSI and colonization were evaluated by 141 

univariate and multivariate analysis. The variable “antibiotic at insertion” was forced in the 142 

multivariate models and the following clinically relevant variables were used as adjustment factors 143 

(i.e., well-known risk factors for intravascular catheter infections): SAPS II, experience of the 144 

operator, insertion site, catheter type (i.e., AC, CVC or short-term dialysis catheter), skin antisepsis, 145 

CHG-impregnated dressing, heparin during catheter insertion, vasopressor and mechanical ventilation 146 

at insertion. Moreover, we performed additional analyses using propensity score models (see 147 

electronic supplementary material [ESM]). 148 
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In the exploratory analysis, we used, instead of a binary variable (antibiotics vs without antibiotics), 149 

the categorical variable “antibiotic subgroups” in order to describe the individual infectious risk for the 150 

different antibiotic subgroups.  151 

Tests were considered significant with a p <0.05. We performed all analyses using R (version 3.5.3) 152 

and SAS (version 9.4; SAS Institute, Cary, NC).  153 

See the ESM for further details on methods and statistical analysis. 154 

 155 
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Results 156 

Patients and catheters: 157 

Between 2006 and 2014, 10,269 patients and 18,743 (9,641 CVCs, 6,373 ACs and 2,729 DCs) 158 

catheters were included in 36 ICUs (Figure 1). Median age was 64 years (interquartile range [IQR] 159 

52.9, 74.8) and 3,704 (36.1%) patients were female (Table 1). The SAPS II at admission was 54 (41, 160 

69) and 1,952 (19%) patients were immunosuppressed. Senior operators (>50 procedures) placed 161 

7,075 (37.7%) catheters and 7,186 (38.3%) catheters were inserted at the femoral site. CHG for skin 162 

disinfection was used in 8,416 (44.9%) catheters and CHG-impregnated dressings were used in 4,061 163 

catheters (21.7%).  164 

Antibiotics were administered at catheter insertion in 11,361 (60.6%) catheters, predominantly 165 

consisting of beta-lactam antibiotics (8,344, 54.9%, Table E1 in ESM). MCRI, CRBSI and catheter 166 

colonization were observed in 241 (1.3%), 151 (0.8%) and 1,514 (8.1%) episodes, respectively. The 167 

proportionality of hazards assumption was violated for catheter colonization (p<0.0001), but respected 168 

for MCRI (p=0.51) and CRBSI (p=0.81).   169 

MCRI and antibiotic type: 170 

Among catheters without MCRI, antibiotics were administered during 11,211 (60.6%) catheter 171 

insertions, whereas among catheters with MCRI, 150 (62.2%) received an antibiotic at insertion. In the 172 

univariate Cox model analysis, the MCRI risk was similar for the antibiotic and no-antibiotic group 173 

(HR 0.82, 95% confidence interval [CI] 0.62-1.09, p=0.18, Figure 2 and Table E2 ESM). After 174 

adjusting for well-known risk factors for intravascular infection, we found similar results (HR for 175 

antibiotics 0.83, 95% CI 0.62-1.10, p=0.19, Figure 2 and Table E2 ESM). A confirmatory analysis 176 

using IPTW also showed similar results (HR for antibiotics 0.82, 95% CI 0.61-1.09, p=0.17). No 177 

specific antibiotic subgroup reduced the risk for MCRI: beta-lactam antibiotics or other groups of 178 

antibiotics with Gram-positive antimicrobial activity exhibited a HR of 0.83 (95%CI 0.57-1.21, 179 

p=0.34) and 0.86 (95%CI 0.55-1.36, p=0.52, Figure E2 ESM), respectively. However, the distribution 180 

of microorganisms associated with MCRI was significantly different between the two groups 181 
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(p<0.0001). Non-fermenting Gram-negative bacilli were more frequently observed in the antibiotic 182 

group (21.1% versus without antibiotics 5.7%, 0.0053).  In >85% of cases non-fermenting Gram-183 

negative were Pseudomonas MCRI. S aureus was more frequently detected in the group without 184 

antibiotics (Table 2).   185 

CRBSI risk: 186 

Among catheters without CRBSI, Antibiotics were administered at insertion for 11,266 (60.6%) 187 

catheters; whereas among catheters with CRBSI, 95 (62.9%) received an antibiotic at insertion. In the 188 

univariate Cox model analysis, the CRBSI risk was similar for antibiotics compared to group without 189 

antibiotics (HR 0.84, 95% CI 0.59-1.21, p=0.34, Figure 2 and Table E3 ESM). After adjusting for risk 190 

factors for intravascular catheter infection, we found similar results (HR for antibiotics 0.85, 95% CI 191 

0.60-1.22, p=0.38, Figure 2 and Table E3 ESM). A confirmatory analysis using IPTW revealed similar 192 

results (HR for antibiotics 0.86, 95% CI 0.60-1.24, p=0.43).  193 

Catheter colonization risk 194 

Among catheters without colonization, Antibiotics were administered at insertion for 10,505 (61%) 195 

catheters, whereas among colonized catheters, 856 (56.5%) received an antibiotic at insertion. In the 196 

univariate Cox model analysis, catheter colonization risk was significantly decreased in the antibiotic 197 

group (HR 0.67, 95% CI 0.6-0.75, p<0.0001, Figure 2 and Table E4 ESM). After adjusting for risk 198 

factors for intravascular infection, we found similar results with a reduced risk for the antibiotic group 199 

(HR 0.67, 95% CI 0.60-0.75, p<0.0001, Figure 2). After introducing a time-dependent variable, the 200 

HR was 0.53 (95% CI 0.45-0.63, p<0.0001) in the first 7 days and 0.81 (95% CI 0.70-0.93, p=0.0039) 201 

after >7 days of catheter maintenance (Table E4 ESM). 202 
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Discussion 203 

Using high-quality, individual data from five RCTs, we demonstrated that the daily hazard ratio of 204 

MCRI and CRBSI was similar regardless of whether or not antibiotics were administered at catheter 205 

insertion. Moreover, no specific antibiotic subgroup significantly reduced the subsequent risk of 206 

catheter infection. However, antibiotics administered at insertion did decrease risk of catheter 207 

colonization. 208 

Data in the literature regarding the role of antibiotic administration during short-term catheter insertion 209 

are scant and, to our knowledge, no RCT on this topic is currently planned. Only a limited number of 210 

studies assessed the association between antibiotics administration and infectious risk related to short-211 

term catheters in critically ill patients. The post-hoc analysis of the first RCT illustrated that systemic 212 

antibiotics were an independent protective factor regarding infectious complications [6]. Of note, the 213 

definition “infectious complications” included either CRBSI, MCRI, or catheter colonization [6]. In a 214 

second prospective study including eight ICUs and 8,593 CVCs, the absence of antibiotics 215 

administration within 48 hours of insertion was a risk factor for CVC-associated BSIs [7]. The third 216 

study was an observational study with 179 patients which revealed that extending routine 217 

perioperative antibiotic prophylaxis until all intravascular catheters had been removed did not 218 

influence rates of intravascular catheter colonization [8]. The last study found that antibiotic 219 

administered at the time of catheter insertion was associated with a reduced CVC colonization in a 220 

multivariate model [9]. Most of these studies were published prior to 2010 and may be less relevant 221 

today due to the widespread adoption of recommendations for prevention of catheter infections [24].  222 

Indeed, intravascular catheter bundles have changed the landscape of risk factors associated with 223 

intravascular catheter infections in critically ill patients [25]. In an environment of consistent catheter 224 

care representing the largest dataset ever assembled, we found that coincident systemic antibiotic 225 

administration at catheter insertion was not associated with decreased risk of infection. Our data were 226 

supported by different statistical models and support the fact that antibiotics at catheter insertion 227 

should not be administered for preventing intravascular catheter infections when such catheters are 228 

inserted. Our data also has relevance for antibiotic stewardship programs [26].  229 
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Although antibiotic administration at insertion significantly reduced catheter colonization, 230 

colonization does not represent a reliable outcome for clinical trials [21]. However, catheter 231 

colonization is required to meet the gold standard definition of CRBSI [18] and, therefore, in patients 232 

with concurrent antibiotic at insertion, the diagnosis of CRBSI may be difficult. 233 

Our study has an important clinical implication: we found that non-fermenting Gram-negative bacilli 234 

were more frequently observed in the group that received antibiotics, whereas S. aureus was more 235 

frequently observed in the group without antibiotic administration. This data may direct empirical 236 

antimicrobial therapy if CRBSI is suspected after catheter insertion. 237 

We acknowledge several limitations. First, we conducted an observational study: the patients were not 238 

randomized according to the antimicrobial therapy and unmeasured factors may persist and cause 239 

residual confounding. However, we presented data that were prospectively collected by trained 240 

investigators in the field of catheter-related infections and we corrected for several confounders. 241 

Second, no information on reason (e.g., treatment of a known infection or prophylaxis) of 242 

antimicrobial administration or antibiotic duration was available. It is conceivable that a longer 243 

duration of antibiotic therapy may reduce the risk of infection. However, as mentioned above, a prior 244 

study did not demonstrate any difference in infectious risk between a prolonged versus short 245 

antimicrobial prophylactic course [8]. Third, we described a large cohort designed to investigate the 246 

impact of several prevention measures, and interactions may have occurred among the various study 247 

groups. However, our statistical analyses considered these potential drawbacks. Fourth, we found that 248 

antibiotics significantly reduced catheter tip colonization. This result should be interpreted with 249 

caution: catheter colonization was demonstrated to be unsuitable to establish definite patient-oriented 250 

benefit or harm for a specific treatment [21]. However, it is possible that yield of MCRI and CRBSI 251 

(i.e., definitions partially using catheter tip colonization) can be reduced since antibiotics appeared to 252 

decrease catheter tip colonization. Finally, the five studies were conducted in French ICUs, which may 253 

limit the generalizability of our results. 254 

The analysis of five large RCTs involving over 10,000 ICU patients with more than 18,000 catheters 255 

demonstrated that ongoing antibiotic administration at the time of catheter insertion was not associated 256 
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with decreased risk of subsequent catheter-related infections. These findings may suggest that 257 

antibiotics at catheter insertion did not prevent short-term intravascular catheter infections and 258 

represents an additional point of intervention for antibiotic stewardship programs in critically ill 259 

patients. 260 

 261 

Transparency declaration 262 

Conflicts of interest. The authors have disclosed that they do not have conflict of interest. Dr. Timsit received 263 

fees for lectures to MSD, Pfizer, 3M and Biomerieux; he received research grants from Astellas, 3M, MSD, and 264 

Pfizer; and he participated to advisory boards of Bayer Pharma, Nabriva, 3M, MSD, and Pfizer. Dr. Lucet 265 

received research grants from Anios; and fees for lectures for 3M, Pfizer MSD. Dr. Mimoz received fees for 266 

lectures for 3M and Becton, Dickinson and Company ; he received research grants from BD. LM has served as a 267 

consultant for Citius Pharmaceuticals, Marvao Medical, Leonard-Meron Biosciences, Destiny Pharma, and 268 

Nobio. Dr. Souweine reports personal fees from SANOFI, personal fees from MSD, non-financial support from 269 

TTM BARD, personal fees from MSD. 270 

Funding. Dr. Buetti is receiving a grant from the Bangerter-Rhyner Foundation and a Mobility grant from the 271 

Swiss National Science Foundation (grant number: P400PM_183865). These grants support his fellowship in 272 

France. 273 

Acknowledgments. The fellowship of NB was supported by the Bangerter-Rhyner Foundation and the Swiss 274 

National Science Foundation (grant number: P400PM_183865) . 275 

Contributions. NB, SR and JFT designed the study. OM, LM, NM, JPM, JCL, JJP and JFT collected the data. 276 

NB, AL, JFT and SR did the statistical analysis. NB, AL, SR, JJP and JFT analyzed and interpreted the data. NB, 277 

LM, NM and JFT drafted the manuscript. All authors critically reviewed the manuscript and approved the final 278 

report. 279 

 280 

 281 

 282 

 283 



13 

 

References: 284 

1 ECDC. Healthcare-associated infections acquired in intensive care units - annual 285 

epidemiological report for 2016. Stockholm (Sweden): European centre for disease prevention 286 

and control. Available at: 287 

https://www.ecdc.europa.eu/sites/default/files/documents/aer_for_2016-hai_0.pdf. Accessed 288 

the last time: 15th August 2020. 2018. 289 

2 Ziegler MJ, Pellegrini DC, Safdar N. Attributable mortality of central line associated 290 

bloodstream infection: Systematic review and meta-analysis. Infection. 2015; 43: 29-36. 291 

3 van de Wetering MD, van Woensel JB, Lawrie TA. Prophylactic antibiotics for preventing 292 

gram positive infections associated with long-term central venous catheters in oncology 293 

patients. The Cochrane database of systematic reviews. 2013: CD003295. 294 

4 Huddam B, Azak A, Kocak G, Ortabozkoyun L, Duranay M. The efficacy of prophylactic 295 

antibiotics administration prior to insertion of tunneled catheter in hemodialysis patients. 296 

Renal failure. 2012; 34: 998-1001. 297 

5 Jardine LA, Inglis GD, Davies MW. Prophylactic systemic antibiotics to reduce morbidity and 298 

mortality in neonates with central venous catheters. Cochrane Database Syst Rev. 2008: 299 

CD006179. 300 

6 Merrer J, De Jonghe B, Golliot F, et al. Complications of femoral and subclavian venous 301 

catheterization in critically ill patients: A randomized controlled trial. JAMA. 2001; 286: 700-302 

707. 303 

7 Alonso-Echanove J, Edwards JR, Richards MJ, et al. Effect of nurse staffing and 304 

antimicrobial-impregnated central venous catheters on the risk for bloodstream infections in 305 

intensive care units. Infection control and hospital epidemiology. 2003; 24: 916-925. 306 

8 Sandoe JA, Kumar B, Stoddart B, et al. Effect of extended perioperative antibiotic prophylaxis 307 

on intravascular catheter colonization and infection in cardiothoracic surgery patients. The 308 

Journal of antimicrobial chemotherapy. 2003; 52: 877-879. 309 



14 

 

9 Lucet JC, Bouadma L, Zahar JR, et al. Infectious risk associated with arterial catheters 310 

compared with central venous catheters. Critical care medicine. 2010; 38: 1030-1035. 311 

10 Timsit JF, Schwebel C, Bouadma L, et al. Chlorhexidine-impregnated sponges and less 312 

frequent dressing changes for prevention of catheter-related infections in critically ill adults: A 313 

randomized controlled trial. JAMA. 2009; 301: 1231-1241. 314 

11 Timsit JF, Mimoz O, Mourvillier B, et al. Randomized controlled trial of chlorhexidine 315 

dressing and highly adhesive dressing for preventing catheter-related infections in critically ill 316 

adults. Am J Respir Crit Care Med. 2012; 186: 1272-1278. 317 

12 Souweine B, Lautrette A, Gruson D, et al. Ethanol lock and risk of hemodialysis catheter 318 

infection in critically ill patients. A randomized controlled trial. Am J Respir Crit Care Med. 319 

2015; 191: 1024-1032. 320 

13 Mimoz O, Lucet JC, Kerforne T, et al. Skin antisepsis with chlorhexidine-alcohol versus 321 

povidone iodine-alcohol, with and without skin scrubbing, for prevention of intravascular-322 

catheter-related infection (clean): An open-label, multicentre, randomised, controlled, two-by-323 

two factorial trial. Lancet. 2015; 386: 2069-2077. 324 

14 Parienti JJ, Mongardon N, Megarbane B, et al. Intravascular complications of central venous 325 

catheterization by insertion site. N Engl J Med. 2015; 373: 1220-1229. 326 

15 French haute autorité de santé. Checklist: Pose d’un catheter veineux central (cvc) ou autre 327 

dispositif vasculaire. (http://www.Has-sante.Fr/portail/upload/docs/application/pdf/2011-328 

01/11_01_check-list-cvc-dv.Pdf). Last accessed August 14th, 2020. 329 

16 O'Grady NP, Alexander M, Burns LA, et al. Guidelines for the prevention of intravascular 330 

catheter-related infections. Clinical infectious diseases : an official publication of the 331 

Infectious Diseases Society of America. 2011; 52: e162-193. 332 

17 Timsit JF. [updating of the 12th consensus conference of the societe de reanimation de langue 333 

francaise (srlf): Catheter related infections in the intensive care unit]. Annales francaises 334 

d'anesthesie et de reanimation. 2005; 24: 315-322. 335 



15 

 

18 Mermel LA, Allon M, Bouza E, et al. Clinical practice guidelines for the diagnosis and 336 

management of intravascular catheter-related infection: 2009 update by the infectious diseases 337 

society of america. Clin Infect Dis. 2009; 49: 1-45. 338 

19 Brun-Buisson C, Abrouk F, Legrand P, Huet Y, Larabi S, Rapin M. Diagnosis of central 339 

venous catheter-related sepsis. Critical level of quantitative tip cultures. Arch Intern Med. 340 

1987; 147: 873-877. 341 

20 Blot F, Nitenberg G, Chachaty E, et al. Diagnosis of catheter-related bacteraemia: A 342 

prospective comparison of the time to positivity of hub-blood versus peripheral-blood 343 

cultures. Lancet. 1999; 354: 1071-1077. 344 

21 de Grooth HJ, Timsit JF, Mermel L, et al. Validity of surrogate endpoints assessing central 345 

venous catheter-related infection: Evidence from individual- and study-level analyses. Clinical 346 

microbiology and infection : the official publication of the European Society of Clinical 347 

Microbiology and Infectious Diseases. 2020; 26: 563-571. 348 

22 Mermel LA. How should surveillance systems account for concurrent intravascular catheters? 349 

JAMA network open. 2020; 3: e200400. 350 

23 Lee e, wei l, amato d. Cox-type regression analysis for large numbers of small groups of 351 

correlated failure time observations. In: Klein j, goel pk, editors. Survival analysis: State of the 352 

art: Nato asi series. Dordrecht, the netherlands: Kluwer academic; 1992. Pp. 237–247. 353 

24 Marschall J, Mermel LA, Fakih M, et al. Strategies to prevent central line-associated 354 

bloodstream infections in acute care hospitals: 2014 update. Infection control and hospital 355 

epidemiology. 2014; 35: 753-771. 356 

25 Callister D, Limchaiyawat P, Eells SJ, Miller LG. Risk factors for central line-associated 357 

bloodstream infections in the era of prevention bundles. Infection control and hospital 358 

epidemiology. 2015; 36: 214-216. 359 

26 Tamma PD, Avdic E, Li DX, Dzintars K, Cosgrove SE. Association of adverse events with 360 

antibiotic use in hospitalized patients. JAMA internal medicine. 2017; 177: 1308-1315. 361 

 362 



16 

 

Figure legends 363 

 364 

Figure 1: Flow-chart. 365 

 366 

Legends. ICU: Intensive care unit. MCRI: Major catheter-related infection. CRBSI: Catheter-related 367 

bloodstream infection. CVC: Central venous catheter. AC: Arterial catheter. DC: Short-term dialysis catheter. 368 

 369 

 370 

Figure 2: Unadjusted and adjusted risk for MCRI, CRBSI and colonization for 371 

catheters with antibiotics (vs without antibiotics). 372 

 373 

Legend. Univariable (unadjusted results) and multivariable (adjusted results) Cox models were used. *The risk 374 

proportionality was not respected for colonization. We demonstrated a global effect of adjusted colonization risk 375 

for antibiotic administration. However, after introducing a time-dependent variable, the HR was 0.53 (95% CI 376 

0.45-0.63, p<0.0001) in the first 7 days and 0.81 (95% CI 0.70-0.93, p=0.0039) after >7 days of catheter 377 

maintenance (please see Table E4 in the ESM). 378 

 379 

 380 

 381 

 382 

Tables 383 

 384 

Table 1: Patient and catheter characteristics. 385 

 386 

Patients  Total       

n=10,269 

Without 

antibiotics 

n=4,403 

With 

Antibiotics 

n=5,866 
Age  64 [52.9 ; 74.8] 63 [51 ; 74] 63 [51 ; 74] 

Sex Male 6,565 (63.9) 3,863 (65.9) 2,702 (61.4) 

SAPS II at ICU admission  54 [41 ; 69] 56 [42 ; 71] 52 [39 ; 67] 

Diabetes mellitus  1,206 (11.7) 710 (12.1) 496 (11.3) 

Respiratory failure  768 (7.5) 453 (7.7) 315 (7.2) 

Chronic kidney disease  631 (6.1) 370 (6.3) 261 (5.9) 

Immunosuppression  1,952 (19) 1,312 (22.4) 640 (14.5) 

Catheters  Total 

(n=18,743) 
n=7,382 n=11,361 

Heparin at catheter insertion  6,216 (33.2) 2,440 (33.1) 3,776 (33.2) 

Experience of the operator <50 procedures 11,668 (62.3) 4,376 (59.3) 7,292 (64.2) 

 ≥50 procedures 7,075 (37.7) 3,006 (40.7) 4,069 (35.8) 

Insertion site Jugular 4,164 (22.2) 1,511 (20.5) 2,653 (23.4) 
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 Subclavian 3,276 (17.5) 1,393 (18.9) 1,883 (16.6) 

 Femoral 7,186 (38.3) 2,763 (37.4) 4,423 (38.9) 

 Radial 4,117 (22) 1,715 (23.2) 2,402 (21.1) 

Catheter type Arterial catheter 6,373 (34) 2,625 (35.6) 3,748 (33) 

 Central venous catheter 9,641 (51.4) 3,982 (53.9) 5,659 (49.8) 

 Short-term dialysis 

catheter 

2,729 (14.6) 775 (10.5) 1,954 (17.2) 

Skin antisepsis CHG 8,416 (44.9) 3,320 (45) 5,096 (44.9) 

 Non-CHG 10,327 (55.1) 4,062 (55) 6,265 (55.1) 

Dressing type CHG-impregnated 4,061 (21.7) 1,608 (21.8) 2,453 (21.6) 

Mechanical ventilation at 

insertion 

 14,401 (76.8) 5,257 (71.2) 9,144 (80.5) 

Vasopressor at insertion  10,537 (56.2) 3,613 (48.9) 6,924 (60.9) 

Reason for catheter removal: no 

longer needed 

 6,582 (35.1) 2,614 (35.4) 3,968 (34.9) 

Reason for catheter removal: 

suspected infection 

 2,492 (13.3) 885 (12) 1,607 (14.1) 

Antibiotic at catheter insertion  11,361 (60.6) 0 (0) 11,361 (100) 

MCRI  241 (1.3) 91 (1.2) 150 (1.3) 

CRBSI  151 (0.8) 56 (0.8) 95 (0.8) 

Colonization  1514 (8.1) 658 (8.9) 856 (7.5) 
 387 

Data are expressed as n (%) or median [IQR], as appropriate. Legends. SAPS: Simplified Acute Physiology Score. ICU: 388 
Intensive care unit. IQR: Interquartile range. CVC: Central venous catheter. CHG: Chlorhexidine gluconate. MCRI: Major 389 
catheter-related infection. CRBSI: Catheter-related bloodstream infection.  390 

 391 

 392 

 393 

Table 2: Distribution of microorganisms among MCRI and CRBSI 394 

Without 

antibiotic 

With 

Antibiotic 
p-value* 

MCRI n=91 n=150 

CoNS 24 (26.4) 34 (22.7) 0.51 

S. aureus 22 (24.2) 8 (5.3) <.0001 

Enterococci 2 (2.2) 3 (2) 0.999 

Enterobacteriaceae 19 (20.9) 35 (23.3) 0.66 

Fungi 1 (1.1) 11 (7.3) 0.034 

Polymicrobial 11 (12.1) 21 (14) 0.67 

Non-fermenting Gram-negative bacilli 7 (7.7) 32 (21.3) 0.0053 

Other Gram-negative bacilli 1 (1.1) 0 (0) 0.38 

Other Gram-positive bacilli 1 (1.1) 0 (0) 0.38 

CRBSI n=56 n=95 

CoNS 11 (19.6) 18 (18.9) 0.92 

S. aureus 18 (32.1) 7 (7.4) <0.0001 

Enterococci 1 (1.8) 1 (1.1) 0.999 

Enterobacteriaceae 10 (17.9) 24 (25.3) 0.29 

Fungi 1 (1.8) 6 (6.3) 0.26 

Polymicrobial 8 (14.3) 15 (15.8) 0.80 
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Non-fermenting Gram-negative bacilli 3 (5.4) 19 (20) 0.016 

Other Gram-negative bacilli 1 (1.1) 0 (0) 0.378 
Legends. *Chi square or Fisher tests as appropriate. Data are expressed as n (%). MCRI: Major catheter-related infection. 395 
CRBSI: Catheter-related bloodstream infection. CoNS: Coagulase-negative Staphylococci. *p-values were calculated for this 396 
categorical variable with Fisher test.  397 

 398 

 399 

 400 








