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Abstract

Context: The catheterization of a central venous catheter (CVC) may be needed due to different motives. However, that central venous
catheterization has different risks such as infection, which leads to morbidity, mortality and assistant costs. Different measures to prevent
catheter-related infection have been proposed.
Evidence Acquisition: Electronic medical data bases (including PubMed and Scopus) from first of January 1975 to 30th of July 2015 were
searched. The key words used for the relevant articles search were catheter, venous, prevention, impregnated, bloodstream, chlorhexidinesilver sulfadiazine, rifampicin-minocycline, and rifampicin-miconazole. This review focuses on the evidence on the efficacy and efficiency
of antimicrobial impregnated catheters for the prevention of catheter-related bloodstream infections (CRBSI).
Results: The use of catheters impregnated in different antimicrobial agents has been found to be an effective and efficient measure
for the prevention of CRBSI. Most antimicrobial agents used for such impregnation have been chlorhexidine silver sulfadiazine (CHSS),
rifampicin-minocycline, and rifampicin-miconazole. The use of a CHSS or rifampicin-minocycline impregnated catheter in patients has
been recommended by the current guidelines for the prevention of CRBSI when CVC is expected to remain in place for > 5 days and if the
CRBSI rate has not decreased after implementation of a comprehensive strategy.
Conclusions: Based on the current knowledge, it can be assumed that the use of antimicrobial impregnated catheters could be considered
in some clinical circumstances associated with higher risk of CRBSI, such as patients with a CVC in the internal jugular venous site with the
presence of tracheostomy or in the femoral venous site.
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1. Context
The catheterization of a central venous catheter (CVC)
may be needed due to different reasons, such as the administration of blood products, parenteral nutrition,
fluids, medications, or for the monitoring of hemodynamic status. However, central venous catheterization
has different risks such as haemorrhage, thrombosis and
infection. The concern about catheter-related infection
lies in the morbidity, mortality and assistant costs that
are involved (1-9). Different measures to prevent catheterrelated infection have been proposed (10).

2. Evidence Acquisition

Electronic medical databases (including PubMed and
Scopus) from 1st of January 1975 to 30th of July 2015 were
searched. The key words used in the search for relevant
articles were catheter, venous, prevention, impregnated,
bloodstream, chlorhexidine-silver sulfadiazine, rifampicin-minocycline and rifampicin-miconazole. This review
focuses on the evidence about the efficacy and efficiency

of antimicrobial impregnated catheters for the prevention of catheter-related bloodstream infections (CRBSI).

3. Results

3.1. Evidence About the Efficacy of Antimicrobial
Impregnated Catheters to Reduce the Incidence of
CRBSI
The use of CVC impregnated with different antimicrobial agents, such as chlorhexidine-silver sulfadiazine
(CHSS), rifampicin-minocycline, rifampicin-miconazole,
cefazolin, vancomycin, heparin, platinum and carbon
has been proposed for the prevention of CRBSI (11).
In a meta-analysis by Veenstra et al., including 11 randomized clinical trials (RCT) and 2603 catheters, it was
found that the use of first-generation CHSS impregnated
catheters (impregnated only on the external surface) reduced the risk of CRBSI compared with non-impregnated
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catheters (odds ratio (OR) = 0.56; 95% confidence interval
(CI) = 0.37-0.84; P = 0.005) (12). Later, second-generation
CHSS impregnated catheters were developed (impregnated on both, the external and internal surfaces), and
in a meta-analysis (13), including three RCTs and 1176 patients (14-16), it was found that these catheters reduced
the risk of CRBSI compared to standard catheters.
Another meta-analysis by Falagas et al., including 3452
CVCs from eight RCTs revealed a reduction of CRBSI with
the use of antimicrobial impregnated catheters compared with non-coated catheters (17). In this meta-analysis seven RCTs using rifampicin-minocycline impregnated catheters and one RCT using a rifampicin-miconazole
impregnated catheter were included.
In one study by our team, it was found that the use of
rifampicin-miconazole (RM) impregnated catheters
decreased the risk of CRBSI (18). We included 241 CVC at
a jugular site by central access (114 RM and 127 standard
catheters) and 184 CVC at a femoral site (73 RM and 111 standard catheters). This study found that patients with RM
impregnated catheters had a lower incidence of CRBSI in
jugular venous access (0 vs 4.93 events of CRBSI per 1000
days of catheter, OR = 0.13, 95% CI = 0.00-0.93; P = 0.04)
and in femoral venous access (0 vs 8.62 events of CRBSI
per 1000 days of catheter, OR = 0.13, 95% CI = 0.00-0.86;
P = 0.03) compared with those with standard catheters.

3.2. Evidence Regarding the Efficiency of Rifampicin-Miconazole Impregnated Catheters
After it was found that RM impregnated catheters showed
a lower risk of CRBSI than standard catheters, it was interesting to analyze whether RM impregnated catheters
could save assistance costs. Thus, we carried out some costeffectiveness analyses with the use of RM impregnated
catheters in the jugular venous access with tracheostomy
and in the femoral venous access (19, 20). In one study, including 68 RM and 79 standard catheters in the jugular venous access with tracheostomy, it was found that patients
with RM impregnated catheters showed a lower incidence
of CRBSI (0 vs 20.16 CRBSI episodes/1000 days of catheter;
OR = 0.05; 95% CI = 0.001-0.32; P < 0.001) and a lower immediate catheter related cost per day (€ 11.46 ± 6.25 vs 38.11
± 77.25; P < 0.001) compared to standard catheters (19). In
one study, including 184 RM and 190 standard catheters in
the femoral venous access, it was found that patients with
standard catheters showed a higher incidence of CRBSI
(8.61 vs. 0 CRBSI episodes per 1000 days of catheter; OR =
19.26; 95% CI = 3.24-infinite; P < 0.001) and a higher immediate catheter related cost per day (€ 18.22 ± 53.13 vs. 12.61 ±
8.38; p < 0.001) than patients with RM catheters (20). We
studied the efficiency of RM impregnated catheters in
those with vascular access (jugular venous access with tracheostomy and femoral venous access) as these patients
are at a higher risk of CRBSI.
In another study carried out by our tem, including 2595
CVC (1390 with internal jugular, 917 with subclavian, and
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288 with femoral venous access), there was a higher CRBSI
incidence in femoral when compared to subclavian accesses (8.34 vs 0.97 events of CRBSI per 1000 days of catheter, P
< 0.001), in femoral than in jugular (8.34 vs 2.99 events of
CRBSI per 1000 days of catheter, P = 0.002) and in jugular
than in subclavian access (2.99 vs 0.97 events of CRBSI per
1000 days of catheter, P = 0.005) (21). Later, in a systematic
review by Marik et al., it was concluded that there is no significant difference in the risk of CRBSI between the femoral
and internal jugular venous sites, and between the femoral
and subclavian venous sites, including two RCTs and eight
observational studies (22). It is important to note that the
authors excluded two studies from the analysis (the study
by our team (21), and a study by Nagashima et al. (23)) to
establish such conclusions. However, the decision to exclude these two studies from the analysis was not argued
well (24). The two studies were not included in the analysis based on heterogeneity; however, in the methods section the authors stated that I2 ≥ 49% and P ≤ 0.10 indicated
significant heterogeneity, and the heterogeneity analysis
showed I2 = 35% and P = 0.14 in the two excluded studies.
Furthermore, femoral venous access showed a higher risk
of CRBSI than internal jugular site (RR = 1.90; 95% CI = 1.212.97; P = 0.005) when those two studies were included in
the analysis. The guidelines for the prevention of intravascular catheter-related infections recommend the avoidance of the femoral vein, and the use of the subclavian site
rather than jugular or femoral sites to minimize the risk of
infection for non-tunnelled CVC placement (10).
Another issue about the incidence of CRBSI is the influence of different accesses on the cannulation of internal
jugular venous. In a study by our team, including 515 internal jugular venous catheters by central access and
169 by posterior access, it was found that jugular venous
catheters by central access showed a higher incidence of
CRBSI than in the posterior access group (4.8 vs 1.2 events
of CRBSI per 1000 days of catheter; OR = 3.9; 95% CI = 1.1-infinite; P = 0.03) (25). These findings could probably be due
to lower risk of catheter contamination by oropharyngeal
secretion in the posterior access. Guidelines for the prevention of ventilator associated pneumonia of the society
for healthcare epidemiology of america/infectious diseases society of america (SHEA/IDSA) recommended that
critically ill patients undergoing mechanical ventilation
should be placed in a semirecumbent position (elevating
the head of the bed) to decrease the risk of oesophageal reflux and subsequent aspiration (26). Thus, oropharyngeal
secretions could reach the central internal jugular venous
access more easily when compared to posterior access in
that position due to gravity. In a later study, we found a
higher incidence of CRBSI in femoral than in central internal jugular venous access (9.52 vs 4.83 events of CRBSI/1000
catheter days; RR = 1.93; 95% CI = 1.03-3.73; P = 0.04) including 208 femoral catheters and 515 central internal jugular
venous catheters (27). Besides, in another study including
877 subclavian and 169 posterior internal jugular venous
accesses, we did not find differences in the incidence of
Int J Infect. 2015;2(4):e32568
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CRBSI between the two accesses (1.02 vs 1.21 events of CRBSI
per 1000 days of catheter; P = 0.99) (28). However, there
is no recommendation about the use of different jugular
venous access sites in the guidelines for the prevention of
intravascular catheter-related infections (10).
Other factors such as the presence of tracheostomy have
been associated with higher risk of CRBSI (29, 30). In a
study by Garnacho-Montero et al., which included 1211 subclavian or jugular venous catheters, it was found that the
presence of tracheostomy was associated with a higher
risk of CRBSI; however, there has been no report that compares the risk of CRBSI between the two venous accesses
(subclavian or jugular) with the presence of tracheostomy
(29). In another study by our team, including 515 central
internal jugular venous catheters (52 with tracheostomy
and 463 without tracheostomy) and 877 subclavian venous
catheters (89 with tracheostomy and 788 without tracheostomy), a higher incidence of CRBSI in patients with tracheostomy was found when compared to those without
tracheostomy (11.25 vs 1.43 events of CRBSI per 1000 days
of catheter; OR = 7.99; 95% CI = 4.38-infinite; P < 0.001). Besides, it was found that patients with the presence of tracheostomy in the jugular venous access showed a higher
incidence of CRBSI than those patients with the presence
of tracheostomy in the subclavian venous site (21.64 vs 5.11
events of CRBSI per 1000 days of catheter; OR = 4.23; 95%
CI = 1.44-infinite; P = 0.01) (30). Furthermore, we found
that patients with central internal jugular catheters and
tracheostomy had a higher incidence of CRBSI that those
with femoral catheters (21.64 vs 9.52 events of CRBSI per
1000 days of catheter; RR = 2.27; 95% CI = 1.04-4.97; P = 0.04)
(31), in a study including 52 central internal jugular catheters with tracheostomy and 208 femoral catheters. In another analysis by our team, it was found that patients with
subclavian venous access in the presence of tracheostomy
showed a lower incidence of CRBSI than patients with femoral venous catheters (3.9 vs 10.1 events of CRBSI per 1000
days of catheter; OR = 0.39; 95% CI = 0.001 – 0.910; P = 0.03)
including 147 subclavian venous catheters in the presence
of tracheostomy and 313 femoral venous catheters (32). In
addition, we found that patients with a posterior jugular
venous access in the presence of tracheostomy showed a
higher incidence of CRBSI than those without tracheostomy (13.24 vs 0 events of CRBSI per 1000 days of catheter;
OR = 23.92; 95% CI = 1.86-infinite; P = 0.008) including 169
CVCs by the posterior jugular venous access (153 without
tracheostomy and 16 CVCs with tracheostomy) (33). However, there are no recommendations about the presence of
tracheostomy in the guidelines for the prevention of intravascular catheter-related infections (10).

3.3. Evidence About the Efficiency of ChlorhexidineSilver Sulfadiazine Impregnated Catheters
Later, we found that RM impregnated catheters were an
efficient measure for the prevention of CRBSI, and it became interesting to analyze whether CHSS impregnated
Int J Infect. 2015;2(4):e32568

catheters could also save assistance costs. Thus, we studied the cost-effectiveness of the use of second generation
CHSS impregnated catheters in different venous accesses
(34-36). We found that patients with CHSS in femoral venous access showed a lower CRBSI incidence (8.61 vs 0.0
CRBSI per 1000 days of catheter; Odds Ratio = 0.12; 95% CI
= 0.001-0.72; P = 0.009), and lower CVC-related cost per
day of catheter (€ 18.22 ± 53.13 vs 2.92 ± 1.77; P < 0.001) than
patients with standard catheters, including 190 standard
catheters during 1626 days and 64 CHSS during 569 days
(34). In addition, we found that patients with CHSS in
jugular venous access showed a lower incidence of CRBSI
(0 vs 5.04 CRBSI per 1000 catheter days; OR = 0.80; 95%,
CI = 0.712-0.898; P < 0.001), and a lower CVC-related cost
per day (€ 3.78 ± 4.45€ vs 7.28 ± 16.71; OR = 0.52; 95% CI =
0.504-0.535; P < 0.001) than patients with standard catheters, including 391 standard catheters during 1586 days
of catheter and 245 CHSS impregnated catheters during
1685 days of catheter (35). Furthermore, we found that
patients with CHSS in subclavian venous access showed a
lower incidence of CRBSI (2.12 vs. 0 per 1000 days of catheter; P = 0.02) and lower CVC-related cost per day of catheter (€ 3.35 ± 3.75€ vs. 3.94 ± 9.95; PP = 0.002) than patients
with standard catheters, including 518 patients with standard catheters during 3297 days, and 353 patients with
CHSS impregnated catheters during 2743 days (36).
The use of antimicrobial impregnated catheters has
been found to decrease the incidence of CRBSI and catheter-related costs as indicated by some cost-effectiveness
analyses (13, 37, 38). The costs associated with the increase
of hospital stay were included in all the cost-effectiveness
studies, and this cost varied greatly between different
studies. The mean additional cost associated with CRBSI
was approximately $10000; however, in some studies that
cost was as high as $40000 (4) and $71000 (6), mainly due
to an increase in hospital stay of more than 20 days. The
cost-effectiveness analyses carried out by our team were
simpler than those previously published as we only compared the immediate catheter-related costs (which only
included the cost of CVC, diagnosis of CRBSI and antimicrobials for the treatment of CRBSI, and did not include
the costs due to increased hospital stay).
In a multi-centre RCT by Darouiche et al., including 382
first generation CHSS impregnated catheters and 356
rifampicin-minocycline impregnated catheters, it was
found that patients with rifampicin-minocycline impregnated catheters had a lower rate of CRBSI than patients
with first generation CHSS impregnated catheters (0.3%
vs. 3.4 %; P < 0.002) (39). However, a comparison between
rifampicin and second-generation CHSS impregnated
catheters in the incidence of CRBSI has not been reported.

3.4. Recommendation of Guidelines for the use of
Antimicrobial-Impregnated Catheters
The guidelines for the prevention of intravascular catheter-related infections, published in 2011, by the society of
3
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critical care medicine (SCCM), infectious diseases society
of america (IDSA), society for healthcare epidemiology of
america (SHEA), surgical infection society (SIS), american
college of chest physicians (ACCP), american thoracic society (ATS), american Society of critical care anaesthesiologists (ASCCA), association for professionals in infection
control and epidemiology (APIC), infusion nurses society
(INS), oncology nursing society (ONS), american society
for parenteral and enteral nutrition (ASPEN), society of
interventional radiology (SIR), american academy of
paediatrics (AAP), Paediatric Infectious Diseases Society
(PIDS), and the healthcare infection control practices advisory committee (HICPAC) of the centres for disease control and Prevention (CDC), recommended the use of an
antimicrobial impregnated catheter (CHSS or rifampicinminocycline impregnated catheter) in patients whose
catheter is expected to remain in place for more than days
and if the CRBSI rate has not decreased after implementation of a comprehensive strategy for its reduction (which
should include at least the following three components:
education of people who insert and maintain catheters,
use of maximal sterile barrier precautions, and the use of
a > 0.5% chlorhexidine preparation with alcohol for skin
antisepsis during catheter insertion) (10).
However, there are some concerns associated with the
published recommendations. First, the guidelines recommended the use of CHSS impregnated catheters based
on three RCTs, which found a reduction on the incidence
of catheter tip colonisation with the use of second-generation CHSS-impregnated catheters (14-16). However, in
these guidelines the type of CHSS-impregnated catheters
was not specified (first generation, second generation or
both). Besides, significant differences were not found in
the incidence of CRBSI with the use of second generation
CHSS impregnated catheters in the three RCTs (14-16). In
addition, the published meta-analysis by Hockenhull et
al. (including three RCTs and reporting a lower risk of
CRBSI with the use of second-generation CHSS impregnated catheters) was not mentioned in these guidelines (13).
Second, the recommendations about the use of rifampicin-minocycline impregnated catheters in the guidelines
were based on the findings of two RCTs showing that
rifampicin-minocycline impregnated catheters reduced
the risk of CRBSI (40, 41). However, the meta-analysis by
Falagas et al. (17), including these two RCTs and another
four RCTs, which found that rifampicin-minocycline impregnated catheters reduced CRBSI, was not mentioned
in these guidelines. Besides, our published observational
study reporting the reduction of CRBSI incidence with
the use of RM impregnated catheters was not mentioned
in these guidelines (18).

3.5. Bundles to Reduce Catheter-Related Bloodstream Infections
Previous studies have indicated that the implementation of a bundle for CRBSI prevention reduces the
4

incidence of CRBSI (42-45). In the Keystone project by
Pronovost et al., carried out between March 2004 and
September 2005 in 103 intensive care units (ICU) in the
Michigan state, it was found that the implementation of
a bundle for CRBSI prevention reduced the median CRBSI
incidence from 2.7 (mean of 7.7) infections per 1000 days
of catheter to 0 (mean of 2.3) (P ≤ 0.002) (42). After the
Michigan experience, other clinical trials also reported a
reduction in the incidence of CRBSI with the implementation of bundles, such as a Spanish study performed between April 2008 and June 2010 in 192 ICUs (43), a study
from the United States on 29 paediatric ICUs (44), and another project with 12 United States ICUs (45). In the Spanish bacteremia zero (BZ) project, it was found that the
median CRBSI rate decreased from 3.07 to 1.12 infections
per 1000 days of catheter, after the implementation of a
bundle for CRBSI prevention (P < 0.001). All these studies recommended similar measures for the prevention
of CRBSI, including hand washing, the use of full-barrier
precautions during the insertion of CVC, cleaning the
skin with chlorhexidine, avoidance of the femoral site if
possible, and removal of unnecessary CVC.

4. Conclusions
In conclusion, the use of antimicrobial impregnated
catheters is an effective and efficient measure for the prevention of CRBI, and could be considered in some clinical circumstances associated with higher risks of CRBSI,
such as patients with a CVC at the internal jugular venous
site in the presence of tracheostomy or in the femoral venous site.

References
1.
2.
3.
4.

5.

6.

7.

8.

Spengler RF, Greenough W3. Hospital costs and mortality attributed to nosocomial bacteremias. JAMA. 1978;240(22):2455–8.
[PubMed: 712937]
Smith RL, Meixler SM, Simberkoff MS. Excess mortality in critically ill patients with nosocomial bloodstream infections. Chest.
1991;100(1):164–7. [PubMed: 2060337]
Collignon PJ. Intravascular catheter associated sepsis: a common
problem. The Australian Study on Intravascular Catheter Associated Sepsis. Med J Aust. 1994;161(6):374–8. [PubMed:8090116]
Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infection
in critically ill patients. Excess length of stay, extra costs, and
attributable mortality. JAMA. 1994;271(20):1598–601. [PubMed:
8182812]
Haley RW, Schaberg DR, Crossley KB, Von Allmen SD, McGowan
JJ. Extra charges and prolongation of stay attributable to nosocomial infections: a prospective interhospital comparison. Am J
Med. 1981;70(1):51–8. [PubMed: 7457491]
Dimick JB, Pelz RK, Consunji R, Swoboda SM, Hendrix CW, Lipsett PA. Increased resource use associated with catheter-related
bloodstream infection in the surgical intensive care unit. Arch
Surg. 2001;136(2):229–34. [PubMed: 11177147]
Rello J, Ochagavia A, Sabanes E, Roque M, Mariscal D, Reynaga
E, et al. Evaluation of outcome of intravenous catheter-related
infections in critically ill patients. Am J Respir Crit Care Med.
2000;162(3 Pt 1):1027–30. doi: 10.1164/ajrccm.162.3.9911093.
[PubMed: 10988125]
Arnow PM, Quimosing EM, Beach M. Consequences of intravascular catheter sepsis. Clin Infect Dis. 1993;16(6):778–84. [PubMed:
8329510]

Int J Infect. 2015;2(4):e32568

Lorente L
9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lambert ML, Suetens C, Savey A, Palomar M, Hiesmayr M, Morales
I, et al. Clinical outcomes of health-care-associated infections
and antimicrobial resistance in patients admitted to European
intensive-care units: a cohort study. Lancet Infect Dis. 2011;11(1):30–
8. doi: 10.1016/S1473-3099(10)70258-9. [PubMed: 21126917]
O'Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J, Heard
SO, et al. Guidelines for the prevention of intravascular catheterrelated infections. Clin Infect Dis. 2011;52(9):e162–93. doi: 10.1093/
cid/cir257. [PubMed: 21460264]
Ramritu P, Halton K, Collignon P, Cook D, Fraenkel D, Battistutta
D, et al. A systematic review comparing the relative effectiveness
of antimicrobial-coated catheters in intensive care units. Am J
Infect Control. 2008;36(2):104–17. doi: 10.1016/j.ajic.2007.02.012.
[PubMed: 18313512]
Veenstra DL, Saint S, Saha S, Lumley T, Sullivan SD. Efficacy of
antiseptic-impregnated central venous catheters in preventing
catheter-related bloodstream infection: a meta-analysis. JAMA.
1999;281(3):261–7. [PubMed: 9918482]
Hockenhull JC, Dwan K, Boland A, Smith G, Bagust A, Dundar Y,
et al. The clinical effectiveness and cost-effectiveness of central
venous catheters treated with anti-infective agents in preventing bloodstream infections: a systematic review and economic
evaluation. Health Technol Assess. 2008;12(12):xi-xii. [PubMed:
18405471]
Brun-Buisson C, Doyon F, Sollet JP, Cochard JF, Cohen Y, Nitenberg G. Prevention of intravascular catheter-related infection
with newer chlorhexidine-silver sulfadiazine-coated catheters: a
randomized controlled trial. Intensive Care Med. 2004;30(5):837–
43. doi: 10.1007/s00134-004-2221-9. [PubMed: 15060765]
Ostendorf T, Meinhold A, Harter C, Salwender H, Egerer G, Geiss
HK, et al. Chlorhexidine and silver-sulfadiazine coated central
venous catheters in haematological patients--a double-blind,
randomised, prospective, controlled trial. Support Care Cancer.
2005;13(12):993–1000. doi: 10.1007/s00520-005-0812-9. [PubMed:
15834740]
Rupp ME, Lisco SJ, Lipsett PA, Perl TM, Keating K, Civetta JM, et
al. Effect of a second-generation venous catheter impregnated
with chlorhexidine and silver sulfadiazine on central catheterrelated infections: a randomized, controlled trial. Ann Intern
Med. 2005;143(8):570–80. [PubMed: 16230723]
Falagas ME, Fragoulis K, Bliziotis IA, Chatzinikolaou I. Rifampicin-impregnated central venous catheters: a meta-analysis of randomized controlled trials. J Antimicrob Chemother.
2007;59(3):359–69. doi: 10.1093/jac/dkl522. [PubMed: 17255143]
Lorente L, Lecuona M, Ramos MJ, Jimenez A, Mora ML, Sierra A.
The use of rifampicin-miconazole-impregnated catheters reduces the incidence of femoral and jugular catheter-related
bacteremia. Clin Infect Dis. 2008;47(9):1171–5. doi: 10.1086/592253.
[PubMed: 18808356]
Lorente L, Lecuona M, Ramos MJ, Jimenez A, Mora ML, Sierra A.
Rifampicin-miconazole-impregnated catheters save cost in
jugular venous sites with tracheostomy. Eur J Clin Microbiol Infect
Dis. 2012;31(8):1833–6. doi: 10.1007/s10096-011-1508-3. [PubMed:
22187350]
Lorente L, Lecuona M, Ramos MJ, Jimenez A, Mora ML, Sierra A.
Lower associated costs using rifampicin-miconazoleimpregnated catheters compared with standard catheters. Am J Infect
Control. 2011;39(10):895–7. doi: 10.1016/j.ajic.2011.01.018. [PubMed:
21741122]
Lorente L, Henry C, Martin MM, Jimenez A, Mora ML. Central
venous catheter-related infection in a prospective and observational study of 2,595 catheters. Crit Care. 2005;9(6):R631–5. doi:
10.1186/cc3824. [PubMed: 16280064]
Marik PE, Flemmer M, Harrison W. The risk of catheter-related
bloodstream infection with femoral venous catheters as compared to subclavian and internal jugular venous catheters: a
systematic review of the literature and meta-analysis. Crit Care
Med. 2012;40(8):2479–85. doi: 10.1097/CCM.0b013e318255d9bc.
[PubMed: 22809915]
Nagashima G, Kikuchi T, Tsuyuzaki H, Kawano R, Tanaka H, Nemoto H, et al. To reduce catheter-related bloodstream infections: is
the subclavian route better than the jugular route for central

Int J Infect. 2015;2(4):e32568

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

venous catheterization? J Infect Chemother. 2006;12(6):363–5. doi:
10.1007/s10156-006-0471-x. [PubMed: 17235641]
Lorente L, Jimenez A. Central venous catheter site: should we really stop avoiding the femoral vein? Crit Care Med. 2013;41(4):e34.
doi: 10.1097/CCM.0b013e318278b48e. [PubMed: 23528774]
Lorente L, Jimenez A, Castedo J, Galvan R, Garcia C, Martin MM,
et al. Internal jugular venous catheter-related bacteremia according to central and posterior accesses. Intensive Care Med.
2007;33(6):1071–5. doi: 10.1007/s00134-007-0647-6. [PubMed:
17457569]
Coffin SE, Klompas M, Classen D, Arias KM, Podgorny K, Anderson
DJ, et al. Strategies to prevent ventilator-associated pneumonia
in acute care hospitals. Infect Control Hosp Epidemiol. 2008;29
Suppl 1:S31–40. doi: 10.1086/591062. [PubMed: 18840087]
Lorente L, Jimenez A, Garcia C, Galvan R, Castedo J, Martin MM,
et al. Catheter-related bacteremia from femoral and central
internal jugular venous access. Eur J Clin Microbiol Infect Dis.
2008;27(9):867–71. doi: 10.1007/s10096-008-0507-5. [PubMed:
18386084]
Lorente L, Jimenez A, Galvan R, Garcia C, Castedo J, Martin MM, et
al. Equivalence of posterior internal jugular and subclavian accesses in the incidence of central venous catheter related bacteremia. Intensive Care Med. 2007;33(12):2230–1. doi: 10.1007/s00134007-0853-2. [PubMed: 17885747]
Garnacho-Montero J, Aldabo-Pallas T, Palomar-Martinez M, Valles
J, Almirante B, Garces R, et al. Risk factors and prognosis of
catheter-related bloodstream infection in critically ill patients:
a multicenter study. Intensive Care Med. 2008;34(12):2185–93. doi:
10.1007/s00134-008-1204-7. [PubMed: 18622596]
Lorente L, Jimenez A, Martin MM, Castedo J, Galvan R, Garcia C,
et al. Influence of tracheostomy on the incidence of central venous catheter-related bacteremia. Eur J Clin Microbiol Infect Dis.
2009;28(9):1141–5. doi: 10.1007/s10096-009-0742-4. [PubMed:
19370367]
Lorente L, Jimenez A, Naranjo C, Martinez J, Iribarren JL, Jimenez
JJ, et al. Higher incidence of catheter-related bacteremia in jugular site with tracheostomy than in femoral site. Infect Control
Hosp Epidemiol. 2010;31(3):311–3. doi: 10.1086/651065. [PubMed:
20109074]
Lorente L, Jimenez A, Martin MM, Palmero S, Jimenez JJ, Mora
ML. Lower incidence of catheter-related bloodstream infection in subclavian venous access in the presence of tracheostomy than in femoral venous access: prospective observational study. Clin Microbiol Infect. 2011;17(6):870–2. doi:
10.1111/j.1469-0691.2010.03406.x. [PubMed: 21682804]
Lorente L, Jimenez A, Roca I, Martin MM, Mora ML. Influence of
tracheostomy on the incidence of catheter-related bloodstream
infection in the catheterization of jugular vein by posterior access. Eur J Clin Microbiol Infect Dis. 2011;30(9):1049–51. doi: 10.1007/
s10096-011-1190-5. [PubMed: 21301912]
Lorente L, Lecuona M, Jimenez A, Santacreu R, Raja L, Gonzalez
O, et al. Chlorhexidine-silver sulfadiazine-impregnated venous
catheters save costs. Am J Infect Control. 2014;42(3):321–4. doi:
10.1016/j.ajic.2013.09.022. [PubMed: 24581021]
Lorente L, Lecuona M, Jimenez A, Lorenzo L, Diosdado S, Marca
L, et al. Cost/benefit analysis of chlorhexidine-silver sulfadiazineimpregnated venous catheters for femoral access. Am J Infect Control. 2014;42(10):1130–2. doi: 10.1016/j.ajic.2014.06.027. [PubMed:
25278411]
Lorente L, Lecuona M, Jimenez A, Lorenzo L, Santacreu R, Ramos S, et al. Efficiency of chlorhexidine-silver sulfadiazineimpregnated venous catheters at subclavian sites. Am J Infect
Control. 2015;43(7):711–4. doi: 10.1016/j.ajic.2015.03.019. [PubMed:
25934065]
Pai MP, Pendland SL, Danziger LH. Antimicrobial-coated/bonded
and -impregnated intravascular catheters. Ann Pharmacother.
2001;35(10):1255–63. [PubMed: 11675856]
Saint S, Veenstra DL, Lipsky BA. The clinical and economic consequences of nosocomial central venous catheter-related infection: are antimicrobial catheters useful? Infect Control Hosp Epidemiol. 2000;21(6):375–80. doi: 10.1086/501776. [PubMed: 10879567]
Darouiche RO, Raad ,I, Heard SO, Thornby JI, Wenker OC, Gabrielli A,

5

Lorente L

40.

41.

42.

6

et al. A comparison of two antimicrobial-impregnated central venous catheters. Catheter Study Group. N Engl J Med. 1999;340(1):1–8.
doi: 10.1056/NEJM199901073400101. [PubMed: 9878638]
Raad I, Darouiche R, Dupuis J, Abi-Said D, Gabrielli A, Hachem
R, et al. Central venous catheters coated with minocycline and
rifampin for the prevention of catheter-related colonization
and bloodstream infections. A randomized, double-blind trial.
The Texas Medical Center Catheter Study Group. Ann Intern Med.
1997;127(4):267–74. [PubMed: 9265425]
Hanna H, Benjamin R, Chatzinikolaou I, Alakech B, Richardson
D, Mansfield P, et al. Long-term silicone central venous catheters
impregnated with minocycline and rifampin decrease rates of
catheter-related bloodstream infection in cancer patients: a prospective randomized clinical trial. J Clin Oncol. 2004;22(15):3163–
71. doi: 10.1200/JCO.2004.04.124. [PubMed: 15284269]
Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, et al. An intervention to decrease catheter-related blood-

43.

44.

45.

stream infections in the ICU. N Engl J Med. 2006;355(26):2725–32.
doi: 10.1056/NEJMoa061115. [PubMed: 17192537]
Palomar M, Alvarez-Lerma F, Riera A, Diaz MT, Torres F, Agra Y,
et al. Impact of a national multimodal intervention to prevent
catheter-related bloodstream infection in the ICU: the Spanish experience. Crit Care Med. 2013;41(10):2364–72. doi: 10.1097/
CCM.0b013e3182923622. [PubMed: 23939352]
Miller MR, Griswold M, Harris J2, Yenokyan G, Huskins WC,
Moss M, et al. Decreasing PICU catheter-associated bloodstream
infections: NACHRI's quality transformation efforts. Pediatrics. 2010;125(2):206–13. doi: 10.1542/peds.2009-1382. [PubMed:
20064860]
Warren DK, Cosgrove SE, Diekema DJ, Zuccotti G, Climo MW,
Bolon MK, et al. A multicenter intervention to prevent catheterassociated bloodstream infections. Infect Control Hosp Epidemiol.
2006;27(7):662–9. doi: 10.1086/506184. [PubMed: 16807839]

Int J Infect. 2015;2(4):e32568

