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1. Introduction 

1.1. High-yield facts 

 Central line insertion is a very common procedure in critical care settings, and is 

associated with infectious complications such as local colonisation and bloodstream 

infection which leads to bacteremia and sepsis. 

 Causative microorganisms are commonly missed on blood cultures, so that empiric 

therapy must be started in absence of a known pathogen. 

 Diagnosis is based on clinical suspicion and microbiological confirmation by means of 

local and blood cultures (quantitative or semiquantiative). 

 The mainstay of treatment is a combination of early antibiotic treatment and catheter 

removal with insertion at a new site. 

 Prevention is the cornerstone of catheter-related infections. 

 Multimodular programs (education, surveillance and quality management) and the 

sophistication of catheter-associated devices have shown benefit on CRBSI rate 

reduction. 

 Strategies must be grouped into bundles. 

 CRBSI reduction plans are part of the general ICU quality improvement plan. 

 Team work is crucial to the construction and follow-up of the strategies aimed at 

reducing the infection rate in critically-ill patients. 

2. Epidemiology of catheter related bloodstream infections 

Central lines are inserted on a routine basis in critical care settings, for IV fluid 

administration, vasoactive medication infusions and monitoring purposes. As there has 

been worldwide expansion of intensive care facilities in the last few decades, the insertion of 
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central catheters has increased exponentially. Unfortunately, this procedure carries a risk of 

morbidity that includes local and bloodstream infections, which translates into higher 

healthcare costs and eventually into mortality1-3.  

The incidence of catheter-related bloodstream infections (CRBSI) varies widely among 

different healthcare institutions, ranging between 2,1 per 1.000 catheter-days for 

peripherally inserted central catheters (PICCs) to 2,7 per 1.000 catheter-days for non-

tunneled central lines4-6. In the US, it has been estimated that approximately 31.000 deaths 

per year are attributable to bloodstream infections7,  representing an  expenditure of about 

$18.000 per CRBSI8. In Spain the rate of CRBSI has been estimated in the range of 2,1 to 3,4 

per 1.000 hospitalized patients9. Tacconelli et al. showed that the incidence of CRBSI varies 

widely among four european countries (France, Germany, Italy and the UK), from 1,12 to 4,2 

per 1.000 catheter days10. Finally in Latin America and Africa incidence of CRBSI is 

unknown. 

3. Pathogenesis 

CRBSI might occur as a result of the entry of pathogenic microorganisms to the bloodstream 

via four different routes11: local insertion site colonisation, catheter hub contamination, 

hematogenous seeding and infusión of contaminated fluids. Attention has been focused on 

the two first routes12-14. The spread of infection from the insertion site has been widely 

recognized as the main cause of CRBSI, and the risk factors related to its development have 

been matter of research during the last two decades. However, hub contamination is 

relevant for long-term tunneled catheters15. CRBSI co-morbidity risk factors identified are 

insertion technique, insertion site, type and frequency of dressing, frequency of 

manipulation, duration of catheterization, number of catheter lumens, local and systemic 

antibiotic use, type of antiseptic solution use and experience of the person in charge of 

catheter care16-19. On the other hand, the presence of renal failure and hemodialysis are 

independent risk factors for CRBSI20-21. 

Several studies have shown that the causative agent of CRBSI sometimes is difficult to 

isolate. However, some series have reported that the most common organisms responsible 

of infection are: coagulase-negative Staphilococcus, Enterococci, gram negative bacteria (Klebsiella 

Pneumoniae and E. Coli) and Candida Albicans22-24. Healthcare personnel and patient skin 

colonization with Staphylococci is common, and is related to CRBSI, whereas C. Albicans 

and C. Parapsilosis may be responsable of infusate contamination.    

The causative microorganisms of CRBSI are able to produce an exopolysaccaride-rich layer 

that adheres to the catheter. This layer supports the formation of a microbial biofilm, that 

allows bacteria to grow on the surface of foreign bodies in contact with bloodflow. This 

situation confers the causative agent some resistance to antibiotic, making necessary catheter 

removal in order to erradicate infection. Soon after catheter insertion, a thrombin sheath is 

formed on the outer and inner surfaces of the device, facilitating adherence of pathogens. 

This sheath is rich in proteins such as fibronectin, fibrinogen, thrombospondin, laminin and 

adhesin25-29. This last protein is an endogenous protein attractive to coagulase negative 
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Staphylococci. Once bacteria are attached to adhesin, biofilm covers the microorganisms 

from the action of immune system and antibiotic action. 

Unfortunately, information regarding the causative agent in a particular case is sometimes 

useless, due to the low rate of positive blood cultures in an ICU population receiving 

antibiotics for diferent reasons30,31. The isolation of a pathogen in blood cultures is a negative 

prognostic factor32, whereas it is useful to verify the appropriateness of empiric therapy, 

which is related to morbidity and mortaity33,34. On the other hand, positive cultures at the 

insertion site do not predict reliably positive blood cultures35. Furthermore, false positive 

cultures may lead to unnecessary anibiotic treatment, prolonged hospital stay36 and 

emergence of resistant species37,38. 

4. Diagnosis 

It has been found that reliability of clinical findings in CRBSI are not enough to diagnose the 

disease due to their por performance as diagnostic tests.  Fever, one of the most common 

symptoms, has low specificity, whereas local insertion site inflammatory signs have por 

sensitivity. Remission of systemic inflammatory response after catheter removal is 

suggestive but not diagnostic of CRBSI12,37-39. 

The non-uniformity in definition of criteria to diagnose CRBSI has made difficult to compare 

studies and to issue accurate recommendations regarding diagnosis12,23.  However, with 

surveillance purposes, the Centers for Disease Control (CDC) have established the definition 

of  “laboratory confirmed bloodstream infection” (LCBI)40, consisting in meeting at least one 

of the following criteria: 

 Patient has a recognized pathogen cultured from one or more blood cultures and the 

pathogen is not related to an infection at another site. 

 Patient has fever, chills and/or hypotension as well as positive laboratory cultures from 

two or more blood samples drawn on separate occasions which are not related to 

infection at another site and do not reflect contamonation. 

 Patient < 1 year of age has at least one of the following signs or symptoms: fever, 

hypothermia, apnea, or bradicardia (in addition to the above criteria). 

It is adequate to process only the catheter tip for culture23. Quantitative (positive >102 cfu) 

and semiquantitative (positive >105 cfu)  culture techniques are recommended over 

qualitative cultures41-45. It is recommended to culture every catheter removed due to 

suspicion of infection, but it is not a good practice to send every catheter removed to culture. 

Secretion draining from the insertion site must be cultured23. 

According to the IDSA guidelines for the diagnosis and management of catheter related 

infection23, it is recommended that as long as possible, blood cultures should be drawn prior 

to antibiotic administration. When dealing with blood cultures, contamination is an issue 

that must be taken into consideration. Contamination is significant when blood cultures are 

drawn from a catheter in use, as compared to an adequately obtained sample from a 

peripheral vein46-50. On the other hand, diagnostic accuracy is optimal when quantitative 
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paired blood cultures (concomitant catheter and peripheral) are drawn51,52. In summary, an 

accurate diagnosis of CRBSI can be achieved when clinical signs and symptoms are 

associated with positive local and paired blood cultures that match in microbiological terms.  

5. Management 

Empiric antibiotic treatment is a common practice when dealing with CRBSI. The choice of 

the antimicrobial agent depends on the severity of the systemic illness, the comorbidities, 

the most likely microorganisms and the local resistance profile. The combination of catheter 

removal and early antibiotic treatment have shown to be effective (negative blood cultures) 

in 88% of the cases53. Since methicilin-resistant Staphylococcus Epidermidis is the most 

common pathogen, it is reasonable to use Vancomycin as the first choice. In case of MIC > 2 

μg/mL, alternatives such as daptomycin are valuable. On the other hand, gram negative 

microorganisms (including Pseudomonas Aeruginosa) should be covered in neutropenic or 

severely-ill patients. It is not recommended to use linezolid as empiric treatment23. 

Regarding treatment duration, there is no strong evidence in favor of any recommendation. 

Our experience at Clinica de los Andes (unpublished results) have shown that five days 

from the first negative blood cultures is associated with no relapse and favorable outcomes. 

Femoral vein catheters are more prone to develop CRBSI due to the anatomical area of 

insertion. Furthermore, fungi growth is a common occurrence. This situation warrants 

antifungal empiric therapy in this subset of patients.  

Catheter removal is a mainstay of treatment. However, when an ICU patient with moderate 

disease has fever, the recommendation is to draw blood samples from the device and from a 

peripheral vein before making the decision of removal. Most catheters from suspected cases 

of CRBSI end up being sterile53-54. If there is no other possible source of infection, or the 

patient is severely ill, catheter removal and insertion at a new site are recommended. 

The antibiotic regimen must be “de-escalated” depending on blood and local site culture 

results in order to limit the probability of emergence of resistant species. At our institution 

we decide to continue the initial antibiotic depending on clinical response over the 

antibiogram. If the patient is not improving, then the sensitivity tests are taken into account 

to chang the antimicrobial agent. 

6. Prevention: strategies and bundles 

Significant efforts have been made at different levels in order to reduce the incidence of 

CRBSI in intensive care units55-61. Most of the initiatives have focused on preventive 

aspects62-65, as evidence has shown that educational programs as well as multifactorial 

model implementation are effective62-72.   

During the last decade, several studies have investigated different strategies aimed at 

reducing CRBSI by means of prevention73. Most of the studies demonstrate benefit derived 

from multimodule programs including education, surveillance and quality management, 
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and from the development of devices (such as catheter biomaterial and locks, dressings and 

antiseptic solutions). 

The catheter insertion conditions are critical for the development of infections derived from 

the device. The current recommendation includes the use of a long sleeve gown, surgical 

cap, face mask, sterile gloves and large sterile sheets that completely cover the patient74. 

Hand hygiene should be the standard practice, but compliance by health care professionals 

is still poor. In an attempt to enhance compliance, hand rubbing with an alcoholic solution 

might be as good as hand washing75. Chlorhexidine, for example, has shown a better 

antiseptic performance as compared to regular povidone iodine solutions76. However, 

povidone iodine is preferred in some ICUs, especially in the developing world, due to its 

low cost and because of the low bacterial and fungal resistance development77. In this case, 

the povidone iodine solution must remain in contact with the skin for at least one minute in 

order to be effective76. 

The site of insertion of the catheter also influences the infection rate. In general terms, we 

can say that internal jugular approach is associated with a higher risk of CRBSI but a lower 

risk of mechanical complications such as pneumothorax. Conversely subclavian insertion 

requires more expertise but has a significant lower association with infection2. A higher 

infection rate is seen in the femoral approach. Thus, the subclavian approach must be 

preferred, especially for catheters expected to remain in place for more than 7 days78. 

Femoral catheters must be avoided unless the mechanical complication risks of the 

subclavian and jugular approaches are prohibitive 79.   

Numerous studies have shown that catheter replacement on a scheduled basis does not reduce 

CRBSI in ICU80-82. In fact, the 2011 CDC guidelines argue against this practice83. However, 

guidewire exchange to prevent CRBSI is not recommended84-86. Nonetheless, Riveros recently 

showed that in a medical ICU, with a high average length of stay, the central catheter exchange 

scheduled on the eighth day was superior to the a change guided by signs of infection87. In that 

study, 315 catheters (163 patients), were analyzed. Significant catheter colonization rates 

(RR=0,4 CI 95%: 0,1-0,9 p<0,01) and catheter-related sepsis were significantly lower in the 

scheduled change group (RR=0,4 CI 95%: 0,1-0,97 p=0,05). Those findings allow for possibility 

of scheduled catheter change in selected long-term medical ICU patients. However, further 

research is needed before clear-cut recommendations may be issued. 

Transparent and gauze dressings are supposed to be part of ICU general protocols, but their 

use is not systematically adopted in routine practice88. A randomized controlled trial 

reported a reduction from 1,3 to 0,4 catheter-days (hazard rate 0,24 95% CI 0,09-0,65) in 

CRBSI with the use of chlorhexidine-impregnated dressings89. Impregnated catheters have 

been extensively studied but have not been universally used. Despite the theoretical 

advantage of antibiotic-coated catheters, in a meta-analysis, Walder demonstrated that anti-

infective effectiveness of chlorhexidine-sulfadiazine coatings is time-dependent, showing 

good anti-microbial activity for the first week only90. However, the Evidence-based Practice 

in Infection Control (EPIC) in the UK, recommends the use of impregnated catheters in 

adults who require the device for one to three weeks91. 
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As stated above, the approach to CRBSI is multimodal. Recently, a lot of information has 

emerged from studies worldwide, regarding changing practices in ICU. These studies use 

the concept of the “bundle”, which includes a definition of objectives such as training92-94, 

insertion and catheter care. Simulation training, in addition to improving technical skills in 

catheter insertion, allows the resident and physician to easily comply with guidelines and 

checklists95. This technique has shown a significant decrease in CRBSI ranging from 71% to 

84%96,97. 

Most bundle initiatives have followed to the Michigan bundle proposed by Provonoust98-105. 

The Michigan bundle includes hand hygiene, use of chlorexidine for skin preparation, use of 

barrier precautions during insertion, a preference for subclavian vein and the removal of 

unnecessary central lines. The bundle was implemented for the Institute for Health 

Improvement in the US as part of the 5 million lives campaign106 and is considered a 

standard of care. The bundls per se is not capable of controlling CRBSI, so that observation 

and follow-up are mandatory for a prevention strategy to be successful. Riveros et al 

showed that the implementation of the bundles must be accompanied by a strong ICU 

quality management program, which ought to have solid foundations in terms of goal 

definition, follow-up, information system, education and improvement plans107. The 

institution of these plan at different health care centers has produced reports of experiences 

with impressive results66. Finally, the educational programs must be sustained over time, 

and in order to do so, involvement of ICU staff in the construction and follow-up stages of 

the process is crucial and has been able to keep CRBSI low107.  

Additional measures to prevent CRBSI include administration sets replacement, including 

secondary sets and add-on devices, between 96 hours and 7 days108-112, use of central venous 

catheters coated with chlorhexidine and silver sulfadiazine to reduce device 

colonization113,114, and heparin locks impregnated with antibiotics115-117. 

In conclusion, CRBSI has become more challenging in light of the exponential growth of the 

critical care patient population worldwide. In order to cope with these changes, ICU 

healthcare and administrative personnel must work as a team to achieve the goals of a 

quality plan focused on infection control. The different strategies evidence-based strategies 

must be part of a bundle, and must be followed on a routine basis as part of improvement 

plans. 

Author details 

Efraín Riveros Pérez 

Universidad de Boyaca, Clinica de los Andes, Colombia 

7. References 

[1] Kim JS, Holtom P, Vigen C. Reduction of catheter-related bloodstream infections 

through the use of a central venous line bundle: Epidemiologic and economic 

consequences. Am J Infect Control 2011;39:640-6. 



 
Catheter-Related Bloodstream Infections in Critical Care 267 

[2] Mermel LA. Prevention of intravascular catheter-related infections. Ann Intern Med 

2000;132:391-402. 

[3] Burke JP. Infection control — a problem for patient safety. N Engl J Med 2003; 348:651-6. 

[4] Zingg W, Walder B, Pittet D. Prevention of catheter-related infection: toward zero risk? 

Current Opinion in Infectious Diseases 2011, 24:377–384. 

[5] Maki DG, Kluger DM, Crnich CJ. The risk of bloodstream infection in adults with 

different intravascular devices: a systematic review of 200 published prospective 

studies. Mayo Clin Proc 2006; 81:1159–1171. 

[6] Lorente L, Henry C, Martin MM, Jimenez A, Mora ML. Central venous catheter-related 

infection in a prospective and observational study of 2595 catheters. Crit Care 2005; 9: 

R631-R635. 

[7] Klevens RM, Edwards JR, Richards C, Jr., Horan TC, Gaynes RP, et al. (2007) Estimating 

Health Care-Associated Infections and Deaths in U.S. Hospitals, 2002. Public Health 

Reports 22: 160–6. 

[8] Perencevich EN, Stone PW, Wright SB, Carmeli Y, Fisman DN, et al. (2007) Raising 

standards while watching the bottom line: making a business case for infection control. 

Infect Control Hosp Epidemiol 28: 1121–33. 

[9] Vaqué J, Roselló J. Prevalencia de infecciones nosocomiales en hospitales espan oles: 

estudio EPINE [accessed 2011 Sep 4]. Available in:  

http://www.vhebron.net/preventiva/epine/informe epine 2009 espana.pdf. 

[10] Tacconelli E, Smith G, Hieke K, Lafuma A, Bastide P. Epidemiology, medical outcomes 

and costs of catheter-related bloodstream infections in intensive care units of four 

European countries: literatura and registry-based estimates. J Hosp Infect. 2009;72:97-

103. 

[11] Bong JJ, Kite P, Wilco MH, McMahon MJ. Prevention of catheter related bloodstream 

infection by silver iontophoretic central venous catheters: a randomised controlled trial. 

J Clin Pathol. 2003 October; 56(10): 731–735. 

[12] Maki DG. Infections caused by intravascular devices used for infusion therapy: 

pathogenesis, prevention, and management of infections due to intravascular therapy. 

In: Bisno AL, Waldvogel FA, eds. Infections associated with indwelling medical 

devices, 2nd ed. Washington DC: American Society for Microbiology, 1994:151–212. 

[13] Raad I, Darouiche R. Prevention of infections associated with intravascular devices. 

Curr Opin Crit Care 1996;2:361. 

[14] Sitges-Serra A, Girvent M. Catheter-related bloodstream infections. World J Surg 

1999;23:589–95. 

[15] Mayhall CG. Diagnosis and manage- ment of infections of implantable devices used for 

prolonged venous access. Curr Clin Top Infect Dis. 1992;12:83-110. 

[16] Hosoglu S, Akalin S, Kidir V, Suner A, Kayabas H, Geyik MF. Prospective surveillance 

study for risk factors of central venous catheter–related bloodstream infections. Am J 

Infect Control 2004;32:131-4. 

[17] Gowardman JR, Montgomery C, Thirlwell S, Shewan J, Idema A, Larsen PD, et al. 

Central venous catheter-related bloodstream infections: an analysis of incidence and 

risk factors in a cohort of 400 patients. Intensive Care Med 1998;24:1034-9. 



 
Sepsis – An Ongoing and Significant Challenge 268 

[18] Fraenkel DJ, Rickard C, Lipman J. Can we achieve consensus on central venous 

catheter-related infections? Anaesth Intensive Care 2000;28:475-90. 

[19] Oncu S, Ozsut H, Yildirim A, Ay P, Cakar N, Eraksoy H, et al. Central venous catheter 

related infections: risk factors and the effect of glycopeptide antibiotics. Ann Clin 

Microbiol Antimicrobiol 2003;2:3. 

[20] AbdulrahmanI S, Al-Mueilo SH, Bokhary HA, Ladipo GOA, Al-Rubaish A. A 

prospective study of hemodialysis access-related bacterial infections. J Infect Chemother 

2002;8:242-6. 

[21] Blake PG, Huraib S, Vldall PR. The use of the dual lumen jugular venous catheters as 

definitive long term access for hemodialysis. Int Artif Organs 1990;13:26-31. 

[22] Patil HV, Patil VC, RamteerkarthMN, Kulkarni RD. Central venous catheter-related 

bloodstream infections in the intensive care unit. Indian J Crit Care Med. 2011 Oct-Dec; 

15(4): 213–223. 

[23] Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O’Grady NP, et al. Clinical practice 

guidelines for the diagnosis and management of intravascular catheter-related 

infection: 2009 Update by the Infectious Diseases Society of America. Clin Infect Dis. 

2009;49:1. 

[24] Safdar N, Maki DG. The pathogenesis of catheter-related bloodstream infection with 

noncuffed short-term central venous catheters. Intensive Care Med (2004) 30:62–67. 

[25] Lopes JD, dos Reis M, Brentani RR. Presence of laminin receptors in Staphylo- coccus 

aureus. Science. 1985;229:275-277. 

[26] Herrmann M, Suchard SJ, Boxer LA, et al. Thrombospondin binds to Staphylo- coccus 

aureus and promotes staphylococcal adherence to surfaces. Infect Immun. 1991;59:279-

288. 

[27] Herrmann M,Vaudaux PE, Pittet D, et al. Fibronectin, fibrinogen, and laminin act as 

mediators of adherence of clinical staphy- lococcal isolates to foreign material. J Infect 

Dis. 1988;158:693-701. 

[28] Vaudaux P, Pittet D, Haeberli A, et al. Fibronectin is more active than fibrin or fib- 

rinogen in promoting Staphylococcus aureus adherence to inserted intravascular 

catheters. J Infect Dis. 1993;167:633-641. 

[29] Nilsson M, Frykberg L, Flock JI, et al. A fibrinogen-binding protein of Staphylo- coccus 

epidermidis. Infect Immun. 1998; 66:2666-2673. 

[30] Previsdomini M, Gini M, Cerutti B, Dolina M, Perren A. Predictors of positive blood 

cultures in critically ill patients: a retrospective evaluation. Croat Med J. 2012 February; 

53(1): 30–39. 

[31] McKenzie R, Reimer LG. Effect of antimicrobials on blood cultures in endocarditis. 

Diagn Microbiol Infect Dis. 1987;8:165–72.  

[32] Pazin GJ, Saul S, Thompson ME. Blood culture positivity: suppression by outpatient 

antibiotic therapy in patients with bacterial endocarditis. Arch Intern Med. 

1982;142:263–8. 

[33] Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infection in critically ill 

patients: excess length of stay, extra costs, and attributable mortality. JAMA. 

1994;271:1598–601. 



 
Catheter-Related Bloodstream Infections in Critical Care 269 

[34] Schwenzer KJ, Gist A, Durbin CG. Can bacteremia be predicted in surgical intensive 

care unit patients? Intensive Care Med. 1994;20:425–30. 

[35] Bates DW, Goldman L, Lee TH. Contaminant blood cultures and resource utilization. 

The true consequences of false-positive results. JAMA. 1991;265:365–9. 

[36] Ortega M, Marco F, Soriano A, Almela M, Martínez JA, Munoz A, et al. Analysis of 4758 

Escherichia coli bacteraemia episodes: predictive factors for isolation of an antibiotic-

resistant strain and their impact on the outcome. J Antimicrob Chemother. 2009;63:568–

74. 

[37] Zarrilli R, Crispino M, Bagattini M, Barretta E, Di Popolo A, Triassi M, et al. Molecular 

epidemiology of sequential outbreaks of Acinetobacter baumannii in an intensive care 

unit shows the emergence of carbapenem resistance. J Clin Microbiol. 2004;42:946–53. 

[38] Safdar N, Maki DG. Inflammation at the insertion site is not predictive of catheter-

related bloodstream infection with short-term, noncuffed central venous catheters. Crit 

Care Med 2002; 30:2632–5.  

[39] Shukrallah B, Hanna H, Hachem R, Ghannam D, Chatzinikolaou I, Raad I. Correlation 

between early clinical response after catheter removal and diagnosis of catheter-related 

bloodstream infection. Diagn Microbiol Infect Dis 2007;58:453–7.  

[40] Pearson ML. Guideline for prevention of intravascular device-related infections. 

Hospital Infection Control Practices Advisory Committee. Infect Control Hosp 

Epidemiol 1996;17:438–73.  

[41] Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health care-

associated infection and criteria for specific types of infections in the acute care setting. 

Am J Infect Control 2008; 36:309. 

[42] Brun-Buisson C, Abrouk F, Legrand P, Huet Y, Larabi S, Rapin M. Diagnosis of central 

venous catheter-related sepsis: critical level of quantitative tip cultures. Arch Intern 

Med 1987; 147:873–7.  

[43] Maki DG, Weise CE, Sarafin HW. A semiquantitative culture method for identifying 

intravenous-catheter–related infection. N Engl J Med 1977; 296:1305–9.  

[44] Cleri DJ, Corrado ML, Seligman SJ. Quantitative culture of intra- venous catheters and 

other intravascular inserts. J Infect Dis 1980; 141:781–6.  

[45] Sherertz RJ, Raad, II, Belani A, et al. Three-year experience with sonicated vascular 

catheter cultures in a clinical microbiology labo- ratory. J Clin Microbiol 1990;28:76–82.  

[46] Sherertz RJ, Heard SO, Raad II. Diagnosis of triple-lumen catheter infection: 

comparison of roll plate, sonication, and flushing meth- odologies. J Clin Microbiol 

1997;35:641–6.  

[47] Ramsook C, Childers K, Cron SG, Nirken M. Comparison of blood- culture 

contamination rates in a pediatric emergency room: newly inserted intravenous 

catheters versus venipuncture. Infect Control Hosp Epidemiol 2000;21:649–51.  

[48] Norberg A, Christopher NC, Ramundo ML, Bower JR, Berman SA. Contamination rates 

of blood cultures obtained by dedicated phlebotomy vs intravenous catheter. JAMA 

2003;289:726–9.  

[49] Everts RJ, Vinson EN, Adholla PO, Reller LB. Contamination of catheter-drawn blood 

cultures. J Clin Microbiol 2001; 39:3393–4.  



 
Sepsis – An Ongoing and Significant Challenge 270 

[50] DesJardin JA, Falagas ME, Ruthazer R, et al. Clinical utility of blood cultures drawn 

from indwelling central venous catheters in hospitalized patients with cancer. Ann 

Intern Med 1999; 131:641–7.  

[51] Martinez JA, Des Jardin JA, Aronoff M, Supran S, Nasraway SA, Snydman DR. Clinical 

utility of blood cultures drawn from central venous or arterial catheters in critically ill 

surgical patients. Crit Care Med 2002; 30:7–13.  

[52] Safdar M, Fine JP, Maki DG. Meta-analysys: Methods for diagnosing intravascular 

device-related bloodstream infection. Ann Intern Med. 2005;142:451-466. 

[53] Wilcox MH, Tack KJ, Bouza E, et al. Complicated skin and skin- structure infections and 

catheter-related bloodstream infections: non- inferiority of linezolid in a phase 3 study. 

Clin Infect Dis 2009;48: 203–12.  

[54] Rello J, Coll P, Prats G. Evaluation of culture techniques for diagnosis of catheter-

related sepsis in critically ill patients. Eur J Clin Microbiol Infect Dis 1992;11:1192–3.  

[55] Cohran J, Larson E, Roach H, Blane C, Pierce P. Effect of intravascular surveillance and 

education program on rates of nosocomial bloodstream infections. Heart Lung 

1996;25:161-4. 

[56] Berenholtz SM, Pronovost PJ, Lipsett PA, et al. Eliminating catheter-related 

bloodstream infections in the intensive care unit. Crit Care Med 2004;32:2014-20. 

[57] Warren DK, Cosgrove SE, Deikema DJ, et al. A multicenter intervention to prevent 

catheter-associated bloodstream infections. Infect Control Hosp Epidemiol 2006;27:662-

9. 

[58] Reduction in central line-associated bloodstream infections among patients in intensive 

care units — Pennsylvania, April 2001–March 2005. MMWR Morb Mortal Wkly Rep 

2005;54:1013-6. 

[59] Monitoring hospital-acquired infections to promote patient safety — United States, 

1990–1999. MMWR Morb Mortal Wkly Rep 2000;49:149-53.  

[60] Sherertz RJ, Ely EW, Westbrook DM, et al. Education of physicians-in-training can 

decrease the risk for vascular catheter infection. Ann Intern Med 2000;132:641-8. 

[61] Eggimann P, Harbarth S, Constantin MN, Touveneau S, Chevrolet JC, Pittet D. Impact 

of a prevention strategy targeted at vascular-access care on incidence of infections 

acquired in intensive care. Lancet 2000;355:1864-8. 

[62] Warren DK, Zack JE, Mayfield JL, et al. The effect of an education program on the 

incidence of central venous catheter-associated bloodstream infection in a medical ICU. 

Chest 2004;126:1612-8. 

[63] Pronovost P, Berenholtz S, Dorman T, Lipsett PA, Simmonds T, Haraden C. Improving 

communication in the ICU using daily goals. J Crit Care 2003;18:71-5. 

[64] Berenholtz SM, Milanovich S, Faircloth A, et al. Improving care for the ventilated 

patient. Jt Comm J Qual Saf 2004;30:195-204. 

[65] Pronovost P, Weast B, Rosenstein B, et al. Implementing and validating a 

comprehensive unit-based safety program. J Patient Saf 2005;1:33-40. 

[66] Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, Sexton B, Hyzy 

R, Welsh R, Roth G, Bander J, Kepros J, Goeschel C. An Intervention to Decrease 

Catheter-Related Bloodstream Infections in the ICU. N Engl J Med. 2006;355:2725-2732. 



 
Catheter-Related Bloodstream Infections in Critical Care 271 

[67] O´Grady NP, Alexander M. Dellinger EP. Guidelines for the prevention of intravascular 

catheter-related infections. Centers for Disease Control and Prevention. Morb Mortal 

Wkly Rep. 2002;51(RR-10):1-29. 

[68] National Nosocomial Infection Surveillance (NNIS) System Report. Data Summary 

from January 1992 through June 2004, issued October 2004. Am J Infect Control. 

2004;32:470-485. 

[69] Eggimann P. Diagnosis of intravascular catheter infection. Curr Opin Infect Dis. 

2007;20:353-359. 

[70] Eggimann P, Pittet D. Infection control in the ICU. Chest. 2001;120:2059-2093. 

[71] Wenzel RP, Edmond MB. Team-based prevention of catheter-related infections. 

2006;355:2781-2783. 

[72] Eggimann P. Prevention of intravascular catheter infection. Curr Opin Infect Dis. 

2007;20:360-369. 

[73] Timsit JF. Diagnosis and prevention of catheter-related infections. Curr Opin Crit Care. 

2007;13:563-571. 

[74] Raad II, Hohn DC, Gilbreath BJ, et al. Prevention of central venous catheterrelated 

infections by using maximal sterile barrier precautions during insertion. Infect Control 

Hosp Epidemiol 1994; 15 (4 Pt 1):231–238. 

[75] Parienti JJ, Thibon P, Heller R, et al. Hand-rubbing with an aqueous alcoholic solution 

vs. traditional surgical hand-scrubbing and 30-day surgical site infection rates: a 

randomized equivalence study. JAMA 2002; 288:722–727. 

[76] Chaiyakunapruk N, Veenstra DL, Lipsky BA, Saint S. Chlorhexidine compared with 

povidone-iodine solution for vascular catheter-site care: a meta-analysis. Ann Intern 

Med 2002; 136:792–801. 

[77] Parienti JJ, Du Cheyron D, Ramakers M, et al. Alcoholic povidone-iodine to prevent 

central venous catheter colonization: a randomized unit-crossover study. Crit Care Med 

2004; 32:708–713. 

[78] Ruesch S, Walder B, Tramer MR. Complications of central venous catheters: internal 

jugular versus subclavian access – a systematic review. Crit Care Med 2002; 30:454–460. 

[79] Goetz AM, Wagener MM, Miller JM, Muder RR. Risk of infection due to central venous 

catheters: Effect of site of placement and catheter type. Infect Control Hosp Epidemiol. 

1198;19:842-845. 

[80] Timsit JF. Scheduled replacement of central venous catheters is not necessary. Infect 

Control Hosp Epidemiol. 2000 Jun;21(6):371-4. 

[81] Eyer S, Brummitt C, Crossley K, Siegel R, Cerra F. Catheter-related sepsis: prospective, 

randomized study of three methods of long-term catheter maintenance. Crit Care Med 

1990; 18:1073–9. 

[82] Uldall PR, Merchant N, Woods F, Yarworski U, Vas S. Changing subclavian 

haemodialysis cannulas to reduce infection. Lancet 1981; 1:1373. 

[83] Guidelines for the prevention of intravascular catheter-related infections, Centers for 

Disease Control and Prevention. 2011. 

[84] Cook D, Randolph A, Kernerman P. Central venous catheter replacement strategies: A 

systematic review of the literatura. Crit Care Med 1997; 25:1417–24. 



 
Sepsis – An Ongoing and Significant Challenge 272 

[85] Mermel LA, McCormick RD, Springman SR, DG. The pathogenesis and epidemiology 

of catheter-related infection with pulmonary artery Swan-Ganz catheters: a prospective 

study utilizing molecular subtyping. Am J Med. 1991; 91:197S-205. 

[86] Cobb DK, High KP, Sawyer RG. A controlled trial of scheduled replacement of central 

venous and pulmonary-artery catheters. New Engl J Med. 1992;327:1062-1068. 

[87] Riveros E. Cambio de catéter central programado al octavo día es superior al cambio 

guiado por signos de infección en pacientes críticamente enfermos. Rev Col Anest. 

2010;38:445-455. 

[88] Trick WE, Vernon MO, Welbel SF, et al. Unnecessary use of central venous catheters: 

the need to look outside the intensive care unit. Infect Control Hosp Epidemiol 2004; 

25:266–268. 

[89] Timsit JF, Schwebel C, Bouadma L, et al. Chlorhexidine-impregnated sponges and less 

frequent dressing changes for prevention of catheter-related infections in critically ill 

adults: a randomized controlled trial. JAMA 2009; 301:1231–1241. 

[90] Walder B, Pittet D, Tramer MR. Prevention of bloodstream infections with central 

venous catheters treated with antiinfective agents depends on catheter type and 

insertion time: evidence from a meta-analysis. Infect Control Hosp Epidemiol 2002; 

23:748–756. 

[91] Pratt RJ, Pellowe CM, Wilson JA, et al. EPIC2: National evidence-based guidelines for 

preventing healthcare-associated infections in NHS hospitals in England. J Hosp Infect 

2007; 65:S1–S64. 

[92] Barsuk JH, Cohen ER, McGaghie WC, Wayne DB. Long-term retention of central 

venous catheter insertion skills after simulation-based mastery learning. Acad Med 

2010; 85:S9–S12. 

[93] Barsuk JH, McGaghie WC, Cohen ER, et al. Simulation-based mastery learning reduces 

complications during central venous catheter insertion in a medical intensive care unit. 

Crit Care Med 2009; 37:2697–2701. 

[94] Evans LV, Dodge KL, Shah TD, et al. Simulation training in central venous catheter 

insertion: improved performance in clinical practice. Acad Med 2010; 85:1462–1469. 

[95] Evans LV, Dodge KL. Simulation and patient safety: evaluative checklists for central 

venous catheter insertion. Qual Saf Healthcare 2010; 19:i42–i46. 

[96] Barsuk JH, Cohen ER, Feinglass J, et al. Use of simulation-based education to reduce 

catheter-related bloodstream infections. Arch Intern Med 2009; 169:1420–1423. 

[97] Khouli H, Jahnes K, Shapiro J, et al. Performance of medical residents in sterile 

techniques during central vein catheterization: randomized trial of efficacy of 

simulation-based training. Chest 2011; 139:80–87. 

[98] Marra AR, Cal RG, Durao MS, et al. Impact of a program to prevent central line-

associated bloodstream infection in the zero tolerance era. Am J Infect Control 2010; 

38:434–439. 

[99] Weber DJ, Brown VM, Sickbert-Bennett EE, Rutala WA. Sustained and prolonged 

reduction in central line-associated bloodstream infections as a result of multiple 

interventions. Infect Control Hosp Epidemiol 2010; 31:875–877. 



 
Catheter-Related Bloodstream Infections in Critical Care 273 

[100] Zingg W, Imhof A, Maggiorini M, et al. Impact of a prevention strategy targeting hand 

hygiene and catheter care on the incidence of catheter-related bloodstream infections. 

Crit Care Med 2009; 37:2167–2173. 

[101] Apisarnthanarak A, Thongphubeth K, Yuekyen C, et al. Effectiveness of a catheter-

associated bloodstream infection bundle in a Thai tertiary care center: a 3-year study. 

Am J Infect Control 2010; 38:449–455. 

[102] DePalo VA, McNicoll L, Cornell M, et al. The Rhode Island ICU collaborative: a model 

for reducing central line-associated bloodstream infection and ventilator- associated 

pneumonia statewide. Qual Saf Healthcare 2010; 19:555– 561. 

[103] Peredo R, Sabatier C, Villagra A, et al. Reduction in catheter-related bloodstream 

infections in critically ill patients through a multiple system intervention. Eur J Clin 

Microbiol Infect Dis 2010; 29:1173–1177. 

[104] Pronovost PJ, Goeschel CA, Colantuoni E, et al. Sustaining reductions in catheter 

related bloodstream infections in Michigan intensive care units: observational study. 

BMJ 2010; 340:c309. 

[105] Venkatram S, Rachmale S, Kanna B. Study of device use adjusted rates in healthcare-

associated infections after implementation of ‘bundles’ in a  closedmodel medical 

intensive care unit. J Crit Care 2010; 25:e11–e18. 

[106] Institute for Healthcare Improvement. www.ihi.org [accessed 23 November 2011]. 

[107] Riveros E, Cendales S. Modelos de calidad y mejoramiento continuo en cuidado 

intensivo: una mirada a Norte America y Europa. Aplicación en Colombia. Acta 

Colombiana de Cuidado Intensivo. 2011;11:199-206. 

[108] Gillies D, Wallen MM, Morrison AL, Rankin K, Nagy SA, O’Riordan E. Optimal 

timing for intravenous administration set replacement. Cochrane Database of 

Systematic Reviews 2005; Issue 4. Art. No.: CD003588. DOI: 

10.1002/14651858.CD003588.pub2. 

[109] Sitges-Serra A, Linares J, Perez JL, Jaurrieta E, Lorente. A randomized trial on the 

effect of tubing changes on hub contamination and catheter sepsis during parenteral 

nutrition. JPEN J Parenter Enteral Nutr. 1985 May-Jun;9(3):322-5. 

[110] Snydman DR, Donnelly-Reidy M, Perry LK, Martin WJ. Intravenous tubing containing 

burettes can be safely changed at 72 hour intervals. Infect Control. 1987 Mar;8(3):113-6. 

[111] Maki DG, Botticelli JT, LeRoy ML, Thielke TS. Prospective study of replacing 

administration sets for intravenous therapy at 48- vs 72-hour intervals. 72 hours is safe 

and cost-effective. JAMA 1987; 258:1777–81. 

[112] Josephson A, Gombert ME, Sierra MF, Karanfil LV, Tansino GF. The relationship 

between intravenous fluid contamination and the frequency of tubing replacement. 

Infect Control 1985; 6:367–70. 

[113] Carrasco MN, Bueno A, de las Cuevas C, Jimenez S, Salinas I, Sartorius A, Recio T, 

Generelo M, Ruiz-Ocaña F. Evaluation of a triple-lumen central venous heparin-coated 

catheter versus a catheter coated with chlorhexidine and silver sulfadiazine in critically 

ill patients. Intensive Care Med. 2004 Apr;30(4):633-8. 

[114] Ostendorf T, Meinhold A, Harter C, Salwender H, Egerer G, Geiss HK, Ho AD, 

Golschmidt H. Chlorhexidine and silver-sulfadiazine coated central venous catheters in 



 
Sepsis – An Ongoing and Significant Challenge 274 

haematologial patients-A double blind randomised, prospective controlled trial. 

Support Care Cancer. 2005;13:993-1000. 

[115] Garland JS, Alex CP, Henrickson KJ, McAuliffe TL, Maki DG. A vancomycin-heparin 

lock solution for prevention of nosocomial bloodstream infection in critically ill 

neonates with peripherally inserted central venous catheters: a prospective, 

randomized trial. Pediatrics. 2005 Aug;116(2):e198-205. 

[116] Filippi L, Pezzati M, Di Amario S, Poggi C, Pecile P. Fusidic acid and heparin lock 

solution for the prevention of catheter-related bloodstream infections in critically ill 

neonates: a retrospective study and a prospective, randomized trial. Pediatr Crit Care 

Med. 2007 Nov;8(6):556-62. 

[117] Snaterse M, Rüger W, Scholte op Reimer WJM, Lucas C. Antibiotic-based catheter lock 

solutions for prevention of catheter-related bloodstream infection: a systematic review 

of randomised controlled trials. J Hosp Infect. 2010;75:1-11. 


