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One of the dilemmas of modern

medicine that is particularly

relevant for intensive care is

the risk vs benefit of medical

devices and equipment as well as

medications…





Epidemiology: CR-BSI

Peripheral intravenous catheters 0.5/1000 IVD-d

Noncuffed central venous catheters

- Nonmedicated and nontunneled 2.7/1000 IVD-d

- Nonmedicateed and tunneled 1.7/1000 IVD-d

Hemodialysis catheters (temporary) 4.8/1000 IVD-d

Arterial catheters (monitoring) 1.7/1000 IVD-d

Pulmonary artery catheters 3.7 /1000 IVD-d

Mayo Clin Proc 2006; 81(9):1159-1171



Epidemiology: CVC-BSI

USA

5.0 per 1000 catheter-days (1992-2004)

2.9 per 1000 catheter-days (2006)

Europe

1-3.1 per 1000 catheter-days

Kantonsspital St. Gallen / Graubünden

2.5 per 1000 catheter-days

Am J Infect Control 2004; 32:420-485 // 2007; 35:290-301

J Hosp Infect 2007; 65:171

Infection 2008; 36:322-327



Epidemiology of CR-BSI

Incidence

10-20% of all nosocomial infections

Attributable mortality

2-15%

Prolongation of the LOS

5-20 days

Attributable costs

3700 - 29000 $

Infection 1997; Int Care Med 2000;

Am J Med 2002; SRLF 2010



Attributable mortality

All cause in-hospital mortality CR-BSI < no CR-BSI (OR 1.96)

Subgroup (matched for severity of illness) OR 1.70

Crit Care Med 2009; 37:2283-89



Definitions 

Catheter colonization

Significant growth >1 microorganism in a quantitative or semiquanti-

tative culture of the catheter tip.

Exit site infection

Erythema, induration, and/or tenderness within 2cm of the catheter 

exit site. May be associated with other signs of infection. 

Tunnel infection

Tenderness, erythema and/or induration >2cm from the catheter exit 

site, along the subcutaneous tract of a tunneled catheter. 

Catheter related bloodstream infection



Catheter-related BSI

Bacteremia/fungemia in a patient with IVD and >1 pos

blood culture (peripheral vein), clinical manifestations

of infection, no other source of bloodstream infection

and

- Positive result of catheter culture (same organism)

- Simultaneous quantitative cultures of blood with a ratio 

of > 3:1 cfu/ml of blood (catheter vs peripheral)

- Differential time to positivity (at least 2h)

IDSA Guidelines for Intravascular Catheter-Related Infection  - CID 2009:49



Pathogenesis

Extraluminal route

- Migration of skin organisms from the insertion site

-> Most common route of infection for short-term cvc

Intraluminal route

- Manipulation of the venous line with migration of organisms

along the internal lumen of the catheter

Hematogenous

- < 10%

-> From distant infection  



Microbiology

Swiss NOSO, 1994



Risk factors I

Host factors

- Male

- Immune deficiency, especially neutropenia

- Chronic illness

- Length of hospital stay before cvc

- Lost of skin integrity (burns)

Catheter handling

- Number of manipulation

- Parenteral nutrition

- Increasing duration of catheterization



Risk factors II

Site and method of insertion

- Insertion site: femoral / intrnal jugular > subclavian

femoral > internal jugular?

- Submaximal barrier precautions

- Emergent insertion

- Skill of operator

- Nontunneled > tunneled

- Higher risk with multiple lumen catheter





Symptoms of CR-BSI

Sensitivity of local inflammation for diagnosis of CR-BSI 0-3%

-> In general site appearance cannot be relied on to identify 

catheter colonization or CR-BSI.

Crit Care Med 2002; 30:2632-35



Diagnosis I

Semi-quantitative Catheter Segment Culture

- Roll-Plate Method, Maki NEJM 1977

- 5cm catheter segment

- > 15 cfu

- Samples only the external surface

Quantitative Catheter Segment Culture

- Brun-Buisson AIM 1987; Cleri J Inf Dis 1990;

- Catheter segment, luminal flushing or sonication

- > 1000 cfu



Diagnosis II

Paired quantitative blood cultures

- Blood cultures through CVC and from peripheral vein

- Quantitative analysis

- Colony count CVC : peripheral vein > 3

Differential time to positivity (DTP)

- Blood cultures throug CVC and from peripheral vein

- Continuously monitoring for microbial growth

- Catheter-drawn blood culture turns positive > 2hours earlier 

than the peripherally drawn culture

Lancet 1999; 354:107



- Paired quantitative blood cultures is the most accurate test 

for diagnosis of CR-BSI

- Most of the other methods showed acceptable sensitivity and 

specifity (both > 0.75) and negative predictive value (> 99%)

- The positive predictive value of all tests increased greatly 

with high pretest clinical probability

- Catheter should not be cultured routinely but rather only if 

CR-BSI is suspected

Ann Intern Med 2005; 142:451-466



Diagnosis & management

Clinical Infectious Diseases 2009; 49:1-45



Clinical Infectious Diseases 2009; 49:1-45



Clinical Infectious Diseases 2010; 50:1575-1579

27.2%    15.8%

37.3%



Therapy

Clinical Infectious Diseases 2009; 49:1-45



Therapy

Remove catheter:

Severe sepsis, complicated, BSI >72h despite antimicrobial therapy

Short-term catheters: S. aureus, gram-neg bacilli, Enterococci, 

Fungi, Mycobacteria

Long-term catheters: S. aureus, P. aeruginosa, Fungi, Mycobacteria

Antimicrobial therapy:

Gram-pos pathogens: -> MRSA?

Gram-neg pathogens: Severity of disease, local antimicrobial

susceptibility

Multidrug resistant pathogens: Neutropenic patients, patients 

colonized with such pathogens



Prevention

Clinical Infectious Disease 2002; 35:1281-307



„Central catheter bundle“

A. Hand hygiene

B. Maximal barrier precautions upon insertion

C. Chlorhexidine skin antisepsis

D. Optimal catheter site selection with avoidance of

the femoral vein for cvc in adults patients

E. Daily review of catheter necessity with prompt

removal of unnecessary catheters

Institute for Healthcare Improvement (www.ihi.org/ihi)



„Central catheter bundle“

-> All published results of central catheter bundle studies have 

shown impressive reductions in the rates of CR-BSI.

-> The bundle acts as a multifocal intervention that can 

potentially prevent several errors at once.

Crit Care Med 2010; 38:363-372



An evidence-based intervention resulted in a large and sustained reduction (up to

66%) in rates of CR-BSI that was maintained throughout the 18-month study period.

NEJM 2006; 355:2725-32



„See one – do one – teach one“

CHEST 2011; 139(1):80-87



Ann Intern Med 2002; 136:792-801

Chlorhexidine vs povidone-iodine



Antisepsis: Chlorhexidine

- Prolonged time of antimicrobial effect

- Not inactivated by exposure to protein-rich fluids

- Optimal concentration of chlorhexidine?

- Appropriate solution (aqueous or alcoholic)?

SHEA/IDSA Practice Recommendation:

-> Alcoholic chlorhexidine solution (concentration > 0.5%)

Infect Control Hosp Epidemiol 2008; 29:22-30

http://de.wikipedia.org/w/index.php?title=Datei:Chlorhexidin.svg&filetimestamp=20080708224005


Location of insertion

Critical Care 2005;9:R631-635

Int Care Med 2008;34:1038-45



Location of insertion

Guidelines CID 2002:35

IHI-Bundle:

Avoidance of femoral access



Anti-infective Catheters

Antimicrobial vs standard CVC

- Reduction in colonialisation

- Reduction in CR-BSI

- Minocycline-rifampicin > 

Chlorhexidine-silver-sulfadiazine

Potential problems

- Gaps in organism-specific activity

- Hypersensitivity reactions

- Development of antibiotic resistance

Lancet Infect Dis 2008; 8:763-76



Antimicrobial Catheters

Increased  risk of CR-BSI

CVC for 1-3 weeks

CVC for > 5days

CR-BSI rate , despite

implementing a comprehensive 

strategy to reduce infection

rates



Chlorhexidine-Impregnated 

Sponges

Significant reduction in the

rate of catheter colonization 

and CR-BSI

JAMA 2009; 301 (12):1231-1241





Catheter changes / removal

Duration of catheterization:

Risk factor of infection

Intensive Care Med 2007; 33:271

-> Over all, the literature suggest that catheters should

be left in place until a change is clinically indicated.

Crit Care Med 1990; 18:1073-1079

NEJM 1992; 327:1062-1068

Crit Care Med 1997; 25:1417-1424

Infection Control and Hospital Epidemiology 2000; 21(6):371-374



5-FU

- Antimetabolite

- Inhibit growth of:

~ gram-positive bacteria

~ gram-negative bacteria

~ Candida species

5-FU vs CH-SS

- Colonization 2.9 vs 5.3%

-> Safe and effective alternative

Crit Care Med 2010; 38:2095-2102



Crit Care Med 2010; 38:1030-35



Thank you!

claudia.schrag@kssg.ch


