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Preface 

Published in 1997, the first edition of Catheter-Related Infections was well received by 
those with a special interest in this topic because of their work in hospital epidemiology 
and infection control and/or infectious diseases. Others finding the first edition useful 
were intensive care specialists whose patients frequently require central venous or 
pulmonary artery catheters and others who care for patients requiring chronic central 
venous catheterization. These included hematologists, oncologists, nephrologists, 
gastroenterologists, cardiologists and physicians in training. The first edition covered 
topics ranging from the basic science of catheter-related infections, such as factors like 
fibronectin that mediate the adherence of certain microbes to catheters (more to some 
catheter materials than to others) to data from epidemiologic studies and 
recommendations regarding the diagnosis, prevention and management of these 
infections. 

The second edition addresses these same topics as well as some new ones, providing 
five chapters covering basic principles, five chapters focusing on different groups of 
pathogens implicated in catheter-related infections, and nine chapters discussing 
infections associated with different types of catheters including peritoneal dialysis 
catheters and central nervous system shunts as well as different types of vascular 
catheters. The second edition adds three new chapters—one on the epidemiology and 
impact of catheter-related infections by Philippe Eggimann and Didier Pittet, a second on 
the management of vascular catheter-related infections by Leonard Mermel and Barry 
Farr, and a third focusing on catheter-related urinary tract infections by Carol Chenoweth 
and Sanjay Saint. 

Newer methods of diagnosis such as differential time-to-positivity are described in 
detail. Situations in which removal of the indwelling catheter is essential for cure are also 
contrasted with those in which the catheter may be salvaged using other types of therapy 
such as parenteral plus antibiotic lock therapy. 

Chapter authors include some of the world’s most renowned authorities in the area of 
catheter-related infections with representation from several continents. Many studies on 
catheter infections have been published in the seven years that have elapsed since 
publication of the first edition, so the authors of chapters from the first addition have 
updated their chapters with additional important references. We hope that this second 
edition will appeal to the same types of clinicians that found the first edition useful. 

Harald Seifert  
Bernd Jansen  
Barry M.Farr  
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INTRODUCTION 

Nosocomial infections are a leading cause of morbidity and mortality among hospitalized 
patients. They should not, however, be considered as an inevitable tribute to pay to the 
continuous progress in medicine, considering in particular the sophisticated diagnostic 
and management strategies applied to the care of complex diseases. The extent of the 
problem was recently highlighted in the general medical literature in the late 1990s, 
following a publication by the Institute of Medicine in Washington, DC. In brief, this 
report estimated that preventable adverse events in the United States, including 
nosocomial infections, were responsible for 44,000 to 98,000 deaths annually and 
represent a cost of $17 to $29 billion (1). Mostly based on extrapolation from two studies 
only, this report has generated a considerable debate in the scientific community (2–9). 
Comparable data were published in the United Kingdom by the House of Commons in 
November 2000 (10). This official government report estimated that at least 100,000 
infections are acquired in hospitals in England each year. These infections may be 
responsible for at least 5,000 deaths annually, with cost estimates as high as $1.8 billion 
(11). 

Nosocomial infections now concern 5% to 15% of hospitalized patients and can lead 
to complications in 25% to 50% of those admitted to intensive care units (ICUs) (12,13). 
Globally, urinary tract and surgical site infections are the most frequent infections, 
followed by respiratory and bloodstream infections (14) (Fig. 1). Most data concerning 
the epidemiology of these infections concern particular types of infections in specialized 
wards, and general information is sparse. However, it has been repeatedly shown that 
intravascular devices are among the most significant risk factors for the development of 
nosocomial infections (15–18). 

More precise epidemiological data are available for critically ill patients and those 
admitted to ICUs, in particular. Among these patients, pneumonia related to mechanical 
ventilation, intra-abdominal infections following trauma or surgery, and bacteremia or 
sepsis associated with the use of intravascular devices account for more than 80% of 
ICU-acquired infections (19,20) (Table 1). 

Bloodstream infections represented 12% of all nosocomial infections reported in 10,038 
patients from 1417 ICUs in the European Prevalence of Infection in Intensive Care 
(EPIC) study (15). The National Nosocomial Infection Surveillance (NNIS) system, 
which took into account only data from ICUs, reported that most nosocomial bloodstream 
infections are associated with the use of intravascular access, with rates substantially 
higher among patients with central venous catheters (CVCs) than among those with 
peripheral lines (19,20). 
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Figure 1 Proportion of nosocomial 
infections (n=472) occurring among 
4252 patients from 18 large Swiss 
general hospitals in 1999. Data adapted 
from the 2nd Swiss National 
Prevalence Study (14). 

Table 1 Epidemiology of Leading Nosocomial 
Infections in Various Types of ICUs in the 1990s 

          Incidence-densities of nosocomial infections 
 per 1000 patient-days 

  Type of 
ward 

No. 
of 

units

No 
. of 

patients

No. 
of 

infec 
tions 

Overall Blood
stream

Respi
ratory 
tract 

Urinary 
tract 

Wound 
/soft 

tissue 

Other 

Richards 
(30)a 

Medical 112 181,993 14,177 19.8 3.8 5.3 6.1 — 4.6 

Eggimann 
(32)b 

Medical 1 1,050 145 34.0 3.8 12.7 5.2 7.0 2.1 

Brooks 
(91) 

Medical 1 180 12 12.3 3.0 5.1 4.1 1.0 0.0 

Dettenkofer 
(68) 

Neurology 1 505 122 25.0 5.4 7.3 7.0 — 2.4 

Richards 
(29)a 

Pediatric 61 110,709 6,290 14.1 4.0 4.8 2.1 1.4 1.8 

Raymond 
(92) 

Pediatric 5 710 168 16.6 3.4 8.8 2.5 1.2 0.7 

Gastmeier 
(62) 

Pediatric 72 515 78 15.3 2.1 8.9 2.3 — 2.0 
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Simon (75) Pediatric 1 201 15 15.7 4.8 6.8 1.9 0.8 0.0 

Gilio (93) Pediatric 1 500 65 31.7 1.5 12.7 4.4 4.4 8.7 

Legras(63)c Mixed 5 1,589 344 20.3 4.1 5.7 5.2 — 5.2 

Kollef 
(18)d 

Mixed 2 2,000 286 32.3 — — — — — 

Bradley 
(94) 

Mixed 3 2,734 354 44.3 2.5 22.7 6.9 4.5 7.1 

Brasic(61)e Mixed 1 660 688 57.1 22.8 21.8 12.5 — — 

Groot (95) Mixed 16 2,795 1,177 42.0 — — — — — 

Price (96)f Surgical 1 139 49 11.5 0.0 9.2 2.3 1.5 0.0 

Kollef (97) Surgical 1 327 54 47.2 9.6 15.8 — — 18.3 

Velasco 
(98) 

Oncology 1 623 370 91.7 22.1 26.5 23.5 — 19.6 

Richards 
(28)a 

Coronary 93 227,451 6,698 10.6 1.8 2.6 3.7 — 2.5 

Wurtz (99) Burn 1 57 36 32.3 1.8 19.7 9.0 0.9 0.9 
aData adapted from reports of the NNIS database. 
bAfter implementation of a global program targeted at the reduction of vascular access-related infections. 
Bloodstream infections include episodes of primary bacteremia (1.2/1000 patient-days) and of clinical 
sepsis (2.6/1000 patients-days). 
cBloodstream infections include episodes of primary bacteremia (1.9/1000 patient-days). 
dBloodstream infections include episodes of primary bacteremia (3.0/1000 patient-days). 
ePatients hospitalized for severe infections over a 6-year period. 
fData reported are insufficient to extract details on incidence-densities for each type of infection. 
—Data could not be extracted from the original publication. 

Table 2 Definitions of Infections Associated with 
the Use of Intravascular Devicesa 

Criteria required for diagnosis of different types of catheter-associated infections for 
epidemiological surveillance 

Primary 
bloodstream 
infection 

Bacteremia (or fungemia) without documented distal source of infection 

Clinical sepsis Requires one of the following signs or symptoms with no other recognized 
cause: 
- fever (>38°C) 
- hypotension (systolic blood pressure ≤90 mmHg) 
- oliguria (<20 ml/hr) 
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 and the presence of all of the following conditions: 
- blood culture not performed or no organism detected in blood 
- no apparent infection at another site 
- physician institutes therapy for sepsis 

Catheter-associated 
bloodstream 
infection 

Primary bloodstream infection and presence of an intravascular access device 

Criteria required for diagnosis of different types of catheter-related infection in clinical 
studies 

Catheter 
colonization 

Significant growth of microorganisms according to precise criteria from 
quantitative [Brun-Buisson technique (22); sonication, vortexing technique 
(24)] or semiquantitative cultures [roll-plate technique (23)] of the vascular 
device 

Microbiologically documented: isolation of a common pathogen from the exit 
site (e.g., from purulent discharge) or a positive (semi)quantitative catheter 
culture in the presence of clinical signs of infection at the insertion site of any 
vascular access 

Exit-site infection 

Clinically documented: a clinical infection (erythema, tenderness, induration, 
or purulence) at the insertion site 

Primary bloodstream infection in a patient with an intravascular catheter, 
clinical manifestation of infection (fever, chills, and/ or hypotension, and no 
apparent source for the bloodstream infection. One of the following should be 
present: 

Catheter-related 
bloodstream 
infection 

- a quantitative or semiquantitative catheter culture with isolation of the same 
organism (i.e., identical species, antibiogram) as from the bloodstream 

Criteria required for diagnosis of different types of catheter-related infections in clinical 
studies 

- simultaneous quantitative blood cultures drawn percutaneously and from the catheter with a 
≥5:1 ratio CVC versus peripheral 

- a differential time to positivity of ≥2 hr between a blood culture drawn percutaneously and a 
blood culture drawn from the suspected vascular catheter (27) 

  

In the absence of a positive catheter culture, defervescence after removal of an implicated 
catheter, without concomitant antimicrobial therapy, from a patient with primary bloodstream 
infection is considered as indirect evidence of catheter-related bloodstream infection 

aSource: Refs. 21, 25, 100. 
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DEFINITIONS 

One should recognize the difference between definitions used for surveillance purposes 
and clinical definitions. The surveillance definitions for catheterassociated bloodstream 
infections include all primary bloodstream infections in patients with an intravascular 
catheter when other sites of infection have been excluded. The clinical definitions for 
catheter-related infections include colonization of the device, skin exit-site infection, and 
microbiologically proven intravascular device-related bloodstream infection (21–27) 
(Table 2). Microbiological criteria remain a matter of debate among experts, and this 
issue will be discussed in detail in Chapter 3 of this book. However, the absence of a 
gold-standard reference technique may provide an explanation for the large difference in 
the published rates of infections. Accordingly, the clinical definition of catheter-related 
infections may underestimate the true rate of infections related to intravascular devices. 

Important issues must be taken into consideration prior to any discussion of the 
epidemiology and impact of infections associated with the use of intravascular devices. 
According to the data regularly reported by the NNIS system, more than 85% of primary 
bacteremia are considered catheter-associated (28–31). The concept of bloodstream 
infection used includes not only primary bacteremia, but also clinical sepsis (21,32). This 
may overestimate the rate of infections related to intravascular devices, but it is probably 
more representative of the clinical reality and allows comparison of rates in surveillance 
studies. Although included in some reports, secondary bacteremia—by definition—
should not be considered as catheter-related; it is related to another documented focus of 
infection. 

Last but not least, infection rates usually vary according to the type of surveillance 
performed. In trials or studies designed to study complications associated with the use of 
intravascular devices, infection rates are frequently higher than in those reporting results 
for the surveillance of all nosocomial infections. In studies dedicated to catheter 
surveillance, systematic microbiological investigation might allow expression of 
infection rates or sites rarely investigated in overall surveys. 

Finally, other caveats for surveillance and rate-reporting that may affect infection rates 
will not be considered in this chapter. 

EPIDEMIOLOGY 

Infections associated with the use of intravascular devices represent 10% to 20% of all 
nosocomial infections. Accordingly, they may complicate the hospital stay of 0.5% to 3% 
of patients admitted in ICUs, and of 3.5% to 10% of those hospitalized in general wards. 
In the United States, it is estimated that up to 150 million intravascular devices are 
inserted annually in hospitalized patients, and that 200,000 to 400,000 nosocomial 
bloodstream infections may occur each year (19,33). 

According to the variety of definitions used in the literature, infection rates may be 
difficult to compare. These rates are also largely influenced by patient case-mix and the 
purpose of the use of vascular access (34). In this chapter, we focus on the epidemiology 
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and impact of infections associated with the use of intravascular devices in acutely ill 
patients requiring short-term catheterization. The epidemiology of particular types of 
devices, such as long-term catheterization for hemodialysis or parenteral nutrition, and 
surgically implanted devices in immunocompromised patients, will be discussed 
elsewhere in the book. 

The prevalence of bloodstream infections associated with the use of intravascular 
devices in selected studies performed in critically ill patients varies according to the type 
of disinfection used for the preparation of the skin before the insertion of a central venous 
catheter. Studies have repeatedly shown that chlorhexidine-based solutions, although not 
widely used since the early 1990s, may be more potent than those using povidone-iodine 
(35–42) (Table 3). 

The proportion of catheter-related bloodstream infection may also be extracted from 
studies exploring the potential effect of antimicrobial-coated intravascular devices, 
mostly conducted during the second part of the 1990s. In these studies, the prevalence of 
catheter colonization and of catheter- 

Table 3 Rates of Colonization and Catheter-Related 
Bloodstream Infection According to Type of 
Disinfectant Used for Cleansing Skin Insertion Site 
in Selected Series of Critically Ill Patients 

Type of 
antisepsis; 
author 

Year of 
publication 

Number 
studied 

Catheter 
colonization 

Catheter-related 
bloodstream infection 

Povidone-Iodine 

Maki (35)a 1991 227 21 (9.2%) 6 (2.6%) 

Sehean (36)b 1993 177 12 (6.8%) 1 (0.6%) 

Mimoz (37)c 1996 145 24 (16.6%) 4 (2.8%) 

Legras (38)d 1997 249 31 (12.4%) 4 (1.6%) 

LeBlanc (39)e 1999 161 23 (16.1%) — 

Humar (40)f 2000 116 27 (23.3%) 5/181 (2.8%) 

Knasinski (41)g 2000 500 127 (25.4%) 20 (4.0%) 

Garland (42)h 2001 370 76/321 (23.7%) 10/323 (3.1%) 

Chlorhexidine 

Maki (35)a 1991 214 5 (2.3%) 1 (0.4%) 

Sehean (36)b 1993 169 3 (1.8%) 1 (0.6%) 

Mimoz (37)c 1996 170 12 (7.1%) 3 (1.8%) 

Legras (38)d 1997 208 19 (9.1%) 0 (0.0%) 

LeBlanc (39)e 1999 83 6 (7.2%) — 
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Humar (40)f 2000 116 36 (31.0%) 4/193 (2.1%) 

Knasinski (41)g 2000 349 33 (9.5%) 5 (1.4%) 

Garland (42)h 2001 335 42/299 (14.1%) 11/297 (3.7%) 
aOdds ratio for colonization: 0.25 [CI 0.10–0.66] for chlorhexidine-based skin disinfection as 
compared to povidone-iodine, respectively, P<0.01. No significant differences for catheter-related 
bloodstream infections. 
bOdds ratio for colonization: 0.22 [CI 0.06–0.75] for chlorhexidine-based skin disinfection as 
compared to povidone-iodine, respectively, P<0.01. No significant differences for catheter-related 
bloodstream infections. 
cOdds ratio for colonization: 0.43 [CI 0.22–0.82] for chlorhexidine-based skin disinfection as 
compared to povidone-iodine, respectively, P<0.01. No significant differences for catheter-related 
bloodstream infections. 
dNo significant differences for catheter colonization and catheter-related bloodstream infections. 
eOdds ratio for colonization: 0.49 [CI 0.31–0.77] for chlorhexidine-based skin disinfection as 
compared to povidone-iodine, respectively, P<0.01. 
fNo significant differences for catheter colonization and catheter-related bloodstream infections. 
gOdds ratio for colonization: 0.37 [CI 0.26–0.53] for chlorhexidine-based skin disinfection as 
compared to povidone-iodine, respectively, P<0.01. Odds ratio for catheter-related bloodstream 
infection: 0.36 [CI 0.14–0.95] for chlorhexidine-based skin disinfection as compared to povidone-
iodine, respectively, P< 0.01. 
hOdds ratio for colonization: 0.6 [CI 0.4–0.8] for chlorhexidine-based skin disinfection as 
compared to povidone-iodine, respectively, P<0.01. No significant differences for catheter-related 
bloodstream infections. 
—Data could not be extracted from the original publication. 

Table 4 Rates of Colonization and Catheter-Related 
Bloodstream Infection Associated with 
Antiseptic/Antibiotic-Impregnated and 
Nonimpregnated Central Venous Lines in Selected 
Series of Critically Ill Patients 

Type of 
catheter; author 

Year of 
publication 

Number 
studied 

Catheter 
colonization 

Catheter-related 
bloodstream infection 

Nonimpregnated 

Ramsay (43)a 1994 189 62 (32.8%) 4 (2.1%) 

Trazzera (44)b 1995 99 24 (24.2%) 1 (2.3%) 

Pemberton (45)c 1996 40 — 3 (7.5%) 

Ciresi (46)d 1996 127 21 (16.5%) 14 (11.0%) 

Bach (47)e 1996 117 36 (30.8%) 3 (2.5%) 

Hannan (48)f 1996 177 71 (40.2%) 8 (4.7%) 

George (49)g 1997 35 25 (71.4%) 3 (8.6%) 

Loo (50)h 1997 81 25 (30.9%) 3 (3.9%) 
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Logghe (51)i 1997 342 56 (16.5%) 15 (4.4%) 

Maki (52)j 1997 195 47 (24.1%) 9 (4.6%) 

Heard (53)k 1998 157 82 (52.2%) 6 (3.8%) 

Marik (54)l 1999 39 11 (28.2%) 2 (5.1%) 

Raad (55)m 1997 136 32 (23.6%) 7 (5.0%) 

Tennenberg (56)n 1997 145 32 (22.4%) 9 (6.4%) 

vanHeerden (57)o 1996 26 10 (38.5%) 0— 

Collin (58)p 1999 139 25 (18.0%) 4 (2.9%) 

Sheng (59)q 2000 122 25 (20.5%) 2 (1.6%) 

Silver-sulfadiazine/chlorhexidine-impregnated 

Ramsay (43)a 1994 199 46 (23.1%) 1 (0.5%) 

Trazzera (44)b 1995 123 16 (13.0%) 4 (3.3%) 

Pemberton (45)c 1996 32 — 2 (6.3%) 

Ciresi (46)d 1996 124 15 (12.1%) 13 (10.5%) 

Bach (47)e 1996 116 21 (18.1%) 0— 

Hannan (48)f 1996 174 47 (27.7%) 3 (1.7%) 

George (49)g 1997 44 10 (22.7%) 1 (2.3%) 

Loo (50)h 1997 77 12 (15.6%) 3 (3.3%) 

Logghe (51)i 1997 338 49 (14.5%) 17 (5.0%) 

Maki (52)j 1997 208 28 (13.5%) 2 (1.0%) 

Heard (53)k 1998 151 60 (39.7%) 5 (3.3%) 

Marik (54)l 1999 36 7 (19.4%) 1 (2.8%) 

Tennenberg (56)n 1997 137 8 (5.8%) 5 (3.8%) 

vanHeerden (57)° 1996 28 4 (14.3%) 0— 

Darouiche (60)r 1999 382 87 (22.8%) 13 (3.4%) 

Collin (58)p 1999 98 2 (2.0%) 1 (1.0%) 

Sheng (59)q 2000 113 9 (7.1%) 1 (0.9%) 

Minocycline/rifampin-impregnated 

Marik (54)l 1999 38 4 (10.5%) 0— 

Raad (55)m 1997 130 11 (8.0%) 0— 

Darouiche (60)r 1999 356 28 (7.5%) 1 (0.3%) 

Notes to Table 4. 
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aOdds ratio for colonization: 0.58 [CI 0.37–0.92] for silver-sulfadiazine/chlorhexidine-impregnated 
as compared to nonimpregnated catheters, respectively, P<0.005. No significant differences for 
catheter-related bloodstream infections.  
bOdds ratio for colonization: 0.47 [CI 0.23–0.94] for silver-sulfadiazine/chlorhexidine-impregnated 
as compared to nonimpregnated catheters, respectively, P<0.005. No significant differences for 
catheter-related bloodstream infections.  
cNo significant differences for catheter-related bloodstream infections. 
dNo significant differences for colonization and for catheter-related bloodstream infections.  
eQuantitative level of bacterial colonization 52±17 versus 256±86 colony-forming units (CFUs) for 
silver-sulfadiazine/chlorhexidine-impregnated as compared to nonimpregnated catheters, 
respectively, P <0.05. No significant differences for catheter-related bloodstream infections. 
fSemiquantitative analysis of bacterial counts for colonization for silver-sulfadiazine/chlorhexidine-
impregnated as compared to nonimpregnated catheters, P<0.01. No significant differences for 
catheter-related bloodstream infections.  
gOdds ratio for colonization: 0.12 [CI 0.04–0.33] for silver-sulfadiazine/chlorhexidine-impregnated 
as compared to nonimpregnated catheters, respectively, P<0.005. No significant differences for 
catheter-related bloodstream infections.  
hCatheter-tip positive cultures: for silver-sulfadiazine/chlorhexidine-impregnated as compared to 
nonimpregnated catheters, P<0.05. No significant differences for catheter-related bloodstream 
infections.  
iNo significant differences for catheter-related bloodstream infections. Neutropenic cancer patients 
with median catheterization time of 20 days.  
jOdds ratio for colonization: 0.56 [CI 0.36–0.89] for silver-sulfadiazine/chlorhexidine-impregnated 
as compared to nonimpregnated catheters, respectively, P<0.005. Odds ratio for catheter-related 
bloodstream infections: 0.21 [CI 0.03–0.95] for silver-sulfadiazine/chlorhexidine-impregnated 
catheters as compared to nonimpregnated catheters, respectively, P=0.03.  
kOdds ratio for colonization only: 0.59 [CI 0.34–0.97] for silver-sulfadiazine/chlorhexidine-
impregnated as compared to nonimpregnated catheters, respectively, P=0.04.  
lSemiquantitative cultures of distal segment: for minocycline/rifampin-coated as compared to 
nonimpregnated catheters, P=0.5. No significant differences for catheter-related bloodstream 
infections.  
mOdds ratio for colonization: 0.25 [CI 0.12–0.53] for minocycline/rifampin-coated as compared to 
nonimpregnated catheters, respectively, P<0.001. The rates of catheter-related bloodstream 
infection per 1000 catheter-days were 7.34 for nonimpregnated and 0 for impregnated catheters 
(P<0.01, binomial exact test).  
nRisk reduction for colonization only: 43% for silver-sulfadiazine/chlorhexidine-impregnated as 
compared to nonimpregnated catheters, respectively, P<0.001.  
oSemiquantitative cultures of distal segment: for silver-sulfadiazine/chlorhexidine-impregnated as 
compared to nonimpregnated catheters, P<0.05. No significant differences for catheter-related 
bloodstream infections.  
pKaplan-Meier estimates of the cumulative risk of colonization in the silver-
sulfadiazine/chlorhexidine-impregnated catheters was significantly lower than in the noncoated 
catheters, P=0.006. No significant differences for catheter-related bloodstream infections.  
qOdds ratio for colonization: 0.34 [CI 0.15–0.74] silver-sulfadiazine/chlorhexidine-impregnated as 
compared to nonimpregnated catheters, P=0.006. No significant differences for catheter-related 
bloodstream infections.  
rOdds ratio for colonization: 0.35 [CI 0.23–0.52] for minocycline/rifampin as compared to silver-
sulfadiazine/chlorhexidine-impregnated catheters, respectively, P<0.001. Odds ratio for catheter-
related bloodstream infection: 0.08 [CI 0.01–0.63] for minocycline/rifampin as compared to silver-
sulfadiazine/ chlorhexidine-impregnated catheters, respectively, P<0.0001.  
—Data could not be extracted from the original publication. 
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related bloodstream infections ranged from 5.8% to 71.4% and from 0.3% to 11.0%, 
respectively (43–60) (Table 4).  

Comparisons between infection rates in different types of ICUs are more accurate 
when infections are reported as incidence-densities related to central venous 
catheterization days. According to this method, widely diffused by the NNIS system, they 
range between 2.3 and 16.8 episodes per 1000 catheter-days. Table 5 presents 
comparisons of selected reports from various types of ICUs (20,28–32,40,58,61–76). 

The epidemiology of clinical sepsis is not well established. It accounts for fewer than 
3% of all episodes of catheter-related infections reported to the NNIS system (28). The 
term clinical sepsis is included in the surveillance definitions for primary bloodstream 
infections published by the CDC to accommodate sepsis episodes where there is no 
pathogen cultured from blood, and as a complement to the definition of laboratory-
confirmed primary bloodstream infection. This entity, which should be used for 
epidemiological purposes, is, however, relatively close to the definition of the syndromes 
of systematic inflammatory response, severe sepsis, and septic shock in response to an 
inflammatory or infectious process (77). At present, only few epidemiological data are 
available, and the impact of clinical sepsis remains to be determined (42,66,67,78–81) 
(Table 6). 

IMPACT 

Several studies have determined the impact of infections associated with the use of 
intravascular devices on patient morbidity and hospital costs in ICUs. A significant 
correlation was found between the prevalence rate of ICU-acquired infection and the 
mortality rate. In the EPIC study, laboratory-proven bloodstream infection, pneumonia, 
and clinical sepsis were independently associated with increased mortality (15). 

The impact of infection is determined by the attributable part of the parameters that 
are considered. Accordingly, the attributable mortality of nosocomial infections is 
defined as the difference in the death rate of infected patients and noninfected patients in 
a series adjusted for the presence of other confounding factors. Several epidemiological 
methods may be used to determine the attributable mortality, or any other parameter 
associated with the acquisition of nosocomial infection. Direct estimation is a simple 
method in which an experienced clinician subjectively estimates if the death of a patient 
is related to the infection or not. This technique systematically underestimates the 
attributable part of the mortality. Appropriateness of evaluation protocol is another direct 
method that is used to estimate the prolongation of the length of stay possibly associated 
with the infection. Based on standardized criteria, the patient is evaluated daily to 
determine whether the stay in hospital is related to the underlying disease, a complication 
resulting from comorbidity or medical care, and/or to the presence of a nosocomial 
infection.  
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Table 5 Catheter-Associated Bloodstream Infection 
Rates in Selected Series of Critically Ill Patients 

Author Type of 
ICU 

Period Number of 
units 

Bloodstream infections per 1000 
CVC-days 

NNISa (30) Medical 1997–
1999 

135 5.3 (3.6–7.1)b 

NNISa (28) Coronary 1997–
1999 

112 4.0 (1.7–6.3)b 

NNISa (20) Surgical 1997–
1999 

157 5.1 (2.6–7.0)b 

NNISa (31)c Mixed 1992–
1998 

135 5.9 (4.0−7.8)b 

NNISa (31)d Mixed 1992–
1998 

69 5.1 (2.6–7.0)b 

NNISa (29) Pediatric 1997–
1999 

73 6.9 (4.1–9.3)b 

Brasic (61) Mixed 1990–
1997 

1 11.3 

Gastmeier (62) Mixed 1994 89 4.9 

Legras (63) Mixed 1995 5 4.8 

Collin (58)e Mixed 1995–
1996 

2 4.0 

Collin (58)f Mixed 1995–
1996 

2 1.1 

Sherertz (64)g Mixed 1997 6 3.3 

Sherertz (64)h Mixed 1997 6 2.4 

Finkelstein 
(65) 

Mixed 1997–
1999 

1 12.0 

Luna (66) Mixed 1998–
1999 

2 5.1 

Humar (40) Mixed 1998–
1999 

4 4.6 

Eggimann 
(32)i 

Medical 1995–
1996 

1 6.6 

Eggimann 
(32)j 

Medical 1997 1 2.3 

Timsit (67)k Medical 1995–
1998 

3 2.3 
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Timsit (67)l Medical 1995–
1998 

3 0.7 

Dettenkofer 
(68) 

Neurological 1997–
1999 

1 1.9 

Petrosillo (69) HIV patients 1998–
1999 

17 9.6 

Dimick (70) Surgical 1998–
1999 

1 3.6 (2.1–5.8)b 

Wallace (71) Surgical 1997–
1999 

1 8.0 

Wallace (71) Trauma 1995–
1997 

1 9.1 

Weber (72) Burn 1990–
1991 

1 4.9 

Sing-Naz (73) Pediatric 1993 1 8.9 

Sing-Naz (73) Pediatric 1995 1 16.8 

Gastmeier (74) Pediatric 1994–
1995 

73 12.5 (5.7–24.7)b 

Simon (75) Pediatric 1998 1 10.7 

Mahieu (76) Neonatal 1998–
1999 

1 4.4 

aNational Nosocomial Infection Surveillance (NNIS) system. 
b50th percentile (25th–75th). 
cNot major teaching hospitals. 
dMajor teaching hospitals. 
ePatients with nonantiseptic-coated catheters. 
fPatients with antiseptic-coated catheters. 
gBefore initiation of an educational program targeted at the reduction of catheter-related infections. 
hAfter starting an educational program targeted at the reduction of catheter-related infections. 
iBefore implementation of a global strategy targeted at the reduction of catheter-related infections. 
jAfter implementation of a global strategy targeted at the reduction of catheter-related infections. 
kIncluding two medical ICUs and one mixed ICU. Femoral nontunneled central venous catheters. 
lIncluding two medical ICUs and one mixed ICU. Femoral tunneled central venous catheters. 

Table 6 Epidemiology of Different Types of 
Infections Associated with the Use of Intravascular 
Devices: Selected Series, Critically Ill Patients 

Author Characteristics of 
the catheter 

Number 
studied 

Catheter 
colonization 

Clinical 
sepsis 

Catheter-related 
bloodstream 
infections 

Von Subclavian 76 4 (5.3%) 3 (3.9%) 2 (2.6%) 
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Meyenfeldt 
(78) 

Von 
Meyenfeldt 
(78) 

Subclavian, 
tunneled

63 4 (6.3%) 2 (3.2%) 2 (3.2%) 

Garden (79) Subclavian 24 — 8 (33.3%) 7 (29.2%) 

Garden (79) Subclavian, 
tunneled

20 — 9 (45.0%) 3 (15.0%) 

Tismsit(80)a Jugular 114 29 (25.4%) 18 
(15.8%)

13 (11.4%) 

Tismsit (80)a Jugular, tunneled 117 20 (17.1%) 7 (6.0%) 4 (3.4%) 

Merrer (81)b Femoral 134 19 (2.4%) 6 (4.5%) 2 (0.2%) 

Merrer (81)b Subclavian 136 3 (0.2%) 2 (0.2%) 1 (0.1%) 

Luna (66) Subclavian (86%); 
femoral (9%)

130 38 (29.8%) 26 
(20.0%)

9 (6.9%) 

Garland (42)c Povidone-iodine 
dressing

370 76/321 (23.7%) 44/346 
(12.7%)

10/323 (3.1%) 

Garland (42)c Chlorhexidine 
dressing

335 42/299 (14.1%) 46/316 
(14.6%)

11/297 (3.7%) 

Timsit (67)d Femoral 168 21 (12.5%) 15 (8.9%) 4 (2.4%) 

Timsit (67)d Femoral, tunneled 168 15 (8.9%) 5 (3.0%) 1 (0.6%) 
aOdds ratio for colonization: 0.3 [CI 0.1–0.9] for tunneled catheters as compared to nontunneled, 
respectively, P<0.01. No significant differences for clinical sepsis and for catheter-related 
bloodstream infections. 
bOdds ratio for any catheter-related infection: 0.21 [CI 0.08–0.51] for catheters inserted at the 
subclavian site as compared to the femoral site, respectively, P<0.01. 
cOdds ratio for colonization: 0.6 [CI 0.4–0.8] for chlorhexidine-based skin disinfection of the 
insertion site as compared to povidone-iodine, respectively, P<0.01. No significant differences for 
clinical sepsis and for catheter-related bloodstream infections. 
dOdds ratio for colonization 0.48 [CI 0.23–0.99] for tunneled catheters as compared to nontunneled, 
respectively, P=0.045. Odds ratio for clinical sepsis 0.25 [0.09–0.72] for tunneled catheters as 
compared to nontunneled, respectively, P=0.055. No significant differences for catheter-related 
bloodstream infections. 

—Not available. 

Another method compares two groups of patients: those with and those without a 
specified nosocomial infection. Differences are expected to be attributable to the 
nosocomial infection. However, this technique does not take into consideration potential 
confounding parameters that may exist between the two groups of patients. This effect 
can be attenuated by including factors potentially related to death or other outcome 

Catheter-related infections     14



measures in multivariate analysis. Nevertheless, these adjustments are generally 
insufficient and the attributable part is often overestimated. The so-called case-controlled 
studies (i.e., more appropriately, historical cohort studies with matching on potential 
confounders) are considered to be the best method to determine the impact of nosocomial 
infection. Infected and noninfected patients are carefully matched for several 
confounding factors related to the investigated parameter. Among matching variables, the 
ones most usually considered are age, severity of underlying disease, associated 
comorbidities, and number of discharge diagnoses, as well as time of exposure to risk 
factors. Biased evaluations of the impact are minimal with this methodological approach, 
apart from when case and control patients are matched too closely using variables that 
predict or confound the outcome of interest (82). 

An analysis of the impact of nosocomial infections showed that they are responsible 
for a significant increase in mortality, morbidity, length of hospital stay, and resources 
utilization in almost all groups of patients studied (57,69,70,82–90) (Table 7). 

Crude mortality rates are particularly high in critically ill patients, but the attributable 
mortality varies according to the type of infection. The differences reported between 
studies may be related to some confusion between the associated and the attributable 
parts. In addition, some methodological bias may also play a role. Insufficient matching 
criteria (low case/ control ratio; few and irrelevant matching parameters) may 
overestimate the impact, but overmatching abolishes differences between cases and 
controls. Cost-effectiveness analyses are based on these data and imply that the 
controversies in the recent literature regarding the attributable mortality of nosocomial 
infections concern not only epidemiologists, but also physicians-in-charge who have to 
select and implement preventive strategies. 

FUTURE RESEARCH 

More studies are required to better define the epidemiology of infections associated with 
the use of intravascular devices, in particular among selected and distinct populations. 
Methods for an appropriate comparison of rates, as well as adjustment for population 
case-mix, are needed. As already mentioned, the NNIS system recommends expressing 
catheter-associated infections as the number of infectious episodes per 1000 catheter-days 
to facilitate and foster benchmarking between units and hospitals. However, true risk 
determination requires computing infections on the days at risk only, defined  

Table 7 Impact of Nosocomial Bloodstream 
Infection in Critically Ill Patients 

Mortality Attributable Author Type of 
blood 
stream 

infection 

Year 
of 

public
ation 

Study 
period

Number 
of cases Crude Attributable LOSa(days) Costs 

(US$) 

Smith (83) Nosocomialb 1991 1986–
89 

34 82% 30% — — 

Wey (84) Nosocomialc 1988 1977– 88 57% 38% 30.0 — 
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84 

Rello (85) Nosocomialb 1994 1990–
92 

111 65% 35%d — — 

Pittet (86) Nosocomialb 1994 1988–
90 

86 50% 35% 8.0 40,000 

Pittet (87) Catheter-
related

1994 1988–
90 

20 45% 25% 6.5 29,000 

Wisplinghoff 
(57) 

Nosocomiale 1998 1990–
92 

29 31% 16% 20.0 — 

Soufir (82) Catheter-
related

1999 1990–
95 

38 50% 29% — — 

DiGiovine 
(88) 

Nosocomialf 1999 1994–
96 

68 35% 4%g 10.0 35,000 

Rello (89) Catheter-
related

2000 1992–
99 

49 22% 13%g 20.0 4,000 

Brun-
Buisson (90) 

Any 
bacteremia

2001 1998 96 52% 35% 5.5 — 

Brun-
Buisson (90) 

Nosocomialf 2001 1998 28 50% 29% 8.0 — 

Brun-
Buisson (90) 

Catheter-
related

2001 1998 26 39% 12%g 14.0g — 

Dimick (70) Catheter-
related

2001 1998–
99 

17 56% 35%d 20.0 71,443h 

Petrosillo 
(69) 

Nosocomialf 2002 1998–
99 

65 25% 17%d 16.0 — 

aLOS: Length of stay. 
bIncludes both primary and secondary bloodstream infections. 
cCandidemia only. 
dAttributable mortality was determined by simple comparison with the crude mortality of all patients 
who did not develop a bloodstream infection. 
eAcinetobacter baumannii nosocomial bloodstream infections only. 
fIncludes primary bloodstream infections only. 
gDifferences are nonsignificant. 
hBased on billing database. 
—Not available. 

as those on which patients are free of infection. If infection rates are expressed per 
patient-days, a prolonged stay will underestimate the rate of infection, whereas a ward 
with a high proportion of patients with a short length of stay will report a higher rate. A 
similar bias will occur when rates are expressed per catheter-days: the longer the duration 
of catheterization, the lower the rate. Considering only catheter-days at risk, and therefore 
excluding catheter-days after the onset of infection, will yield a more appropriate risk 
estimate and make benchmarking more accurate after case-mix adjustment.  
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This precise determination of risk estimates requires individualized surveillance data 
over a long period of time, which is not routinely the case in most institutions. 

Better studies are needed to evaluate the impact of infection. In particular, there is a 
need to determine the attributable length of stay, which is a recognized surrogate marker 
of patient morbidity. It may provide a good estimate of the burden of infection on 
hospital resources that is not dependent on the accounting system or differences between 
countries, and may consequently be widely used for benchmarking. 

Precise estimates of the financial burden of nosocomial infections is a pivotal issue for 
infection control practitioners competing for resources. However, cost estimation is not a 
straightforward exercise, and some caveats may be difficult to avoid. In particular, 
charges do not equal costs, charges being usually larger. Accordingly, costs may 
represent a more reliable estimate of the financial burden and should be preferred to 
charges. Such information is usually more difficult to obtain. Theoretically, the 
availability of a complete list of all care items and services used for each patient should 
be extracted from computerized systems and will allow precise determination of true 
resource consumption. At the present time, no such study has yet appeared in the 
literature, and this may be a stimulating avenue for future clinical research.  

REFERENCES 

1. Kohn L, Corrigan J, Donaldson M, eds. To Err is Human: Building a Safer Health System. 
Washington DC: Institute of Medicine, 1999. 

2. Brennan TA, Leape LL, Laird NM, Hebert L, Localio AR, Lawthers AG, Newhouse JP, Weiler 
PC, Hiatt HH. Incidence of adverse events and negligence in hospitalized patients. Results of 
the Harvard Medical Practice Study I. NEJM 1991; 324:370–376. 

3. Leape LL, Brennan TA, Laird N, Lawthers AG, Localio AR, Barnes BA, Hebert L, Newhouse 
JP, Weiler PC, Hiatt H. The nature of adverse events in hospitalized patients. Results of the 
Harvard Medical Practice Study II. NEJM 1991; 324:377–384. 

4. Localio AR, Lawthers AG, Brennan TA, Laird NM, Hebert LE, Peterson LM, Newhouse JP, 
Weiler PC, Hiatt HH. Relation between malpractice claims and adverse events due to 
negligence. Results of the Harvard Medical Practice Study III. NEJM 1991; 325:245–251. 

5. Thomas EJ, Studdert DM, Burstin HR, Orav EJ, Zeena T, Williams EJ, Howard KM, Weiler PC, 
Brennan TA. Incidence and types of adverse events and negligent care in Utah and Colorado. 
Med Care 2000; 38:261–271. 

6. Leape LL. Institute of Medicine medical error figures are not exaggerated. JAMA 2000; 284:95–
97. 

7. Leape LL, Berwick DM. Safe health care: are we up to it? BMJ 2000; 320:725–726. 
8. McDonald CJ, Weiner M, Hui SL. Deaths due to medical errors are exaggerated in Institute of 

Medicine report. JAMA 2000; 284:93–95. 
9. Brennan TA. The Institute of Medicine report on medical errors—could it do harm? NEJM 2000; 

342:1123–1125. 
10. Mayor S. Hospital acquired infections kill 5000 patients a year in England. BMJ 2000; 

321:1370. 
11. The Committee of Public Account of the United Kingdom Parliament. The management and 

control of hospital acquired infection in acute NHS trusts in England. 
http://www.publications.parliament.uk/pa/cm199900/cmselect/cmpubacc/306/30603.htm.Acces
sed 1st August 2002. 

Epidemiology and impact of infections     17



12. Bates DW, Miller EB, Cullen DJ, Burdick L, Williams L, Laird N, Petersen LA, Small SD, 
Sweitzer BJ, Vander Vliet M, Leape LL. Patient risk factors for adverse drug events in 
hospitalized patients. ADE Prevention Study Group. Arch Intern Med 1999; 159:2553–2560. 

13. Eggimann P, Pittet D. Infection control in the ICU. Chest 2001; 120:2059–2093. 
14. Sax H, Pittet D and the Swiss-NOSO network. Interhospital differences in nosocomial infection 

rates-importance of case-mix adjustment. Arch Intern Med 2002; 108:180–190. 
15. Vincent JL, Bihari DJ, Suter PM, Bruining HA, White J, Nicolas-Chanoin M-H, Wolff M, 

Spencer RC, Hemmer M. The prevalence of nosocomial infection in intensive care units in 
Europe. Results of the European Prevalence of Infection in Intensive Care (EPIC) study. JAMA 
1995; 274:639–644. 

16. Pittet D, Harbarth S, Ruef C, Francioli P, Sudre P, Pétignat C, Trampuz A, Wiedmer A. 
Prevalence and risk factors for nosocomial infections in four university hospitals in Switzerland. 
Infect Control Hosp Epidemiol 1999; 20:37–42. 

17. Harbarth S, Ruef C, Francioli P, Widmer A, Pittet D. Nosocomial infections in Swiss university 
hospitals: a multi-centre survey and review of the published experience. Swiss-NOSO Network. 
Schweiz Med Wochenschr 1999; 129:1521–1528. 

18. Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate antimicrobial treatment of infections: a 
risk factor for hospital mortality among critically ill patients. Chest 1999; 115:462–414. 

19. Maki DG, Mermel LA, Bennett JV, Brachman PS, eds. Hospital Infections. Infections due to 
infusion therapy. Vol. 44. 4th ed. Philadelphia: Lippincott-Raven, 1998:689–724. 

20. Monitoring hospital-acquired infections to promote patient safety—United States, 1990–1999. 
Morb Mortal Wkly Rep 2000; 49:149–153. 

21. Garner JS, Jarvis WR, Emori TG, Toran TC, Hughes JM. CDC definitions for nosocomial 
infections. Am J Infect Control 1988; 16:128–140. 

22. Brun-Buisson C, Abrouk F, Legrand P, Huet Y, Larabi S, Rapin M. Diagnosis of central venous 
catheter-related sepsis. Arch Intern Med 1987; 147:873–877. 

23. Maki DG, Weise CE, Sarafin HW. A semiquantitative culture method for identifying 
intravenous- catheter-related infection. NEJM 1977; 296:1305–1309. 

24. Sherertz RJ, Raad II, Belani A, Koo LC, Rand KH, Pickett DL, Straub SA, Fauerbach LL. 
Three-year experience with sonicated vascular catheter cultures in a clinical microbiology 
laboratory. J Clin Microbiol 1990; 28:76–82. 

25. Siegman-Igra Y, Anglim AM, Shapiro DE, Adal KA, Strain BA, Farr BM. Diagnosis of 
vascular catheter-related bloodstream infection: a meta-analysis. J Clin Microbiol 1997; 
35:928–936. 

26. Kite P, Dobbins BM, Wilcox MH, McMahon MJ. Rapid diagnosis of central-venous-catheter-
related bloodstream infection without catheter removal. Lancet 1999; 354:1504–1507. 

27. Blot F, Nitenberg G, Chachaty E, Raynard B, Germann N, Antoun S, Laplanche A, Brun-
Buisson C, Tancrè C. Diagnosis of catheter-related bacteremia: a prospective comparison of the 
time to positivity of hub-blood versus peripheral-blood cultures. Lancet 1999; 354:1071–1077. 

28. Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial infections in coronary care 
units in the United States. National Nosocomial Infections Surveillance System. Am J Cardiol 
1998; 82:789–793. 

29. Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial infections in pediatric intensive 
care units in the United States. National Nosocomial Infections Surveillance System. Pediatrics 
1999; 103:39–45. 

30. Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial infections in medical intensive 
care units in the United States. National Nosocomial Infections Surveillance System. Crit Care 
Med 1999; 27:887–8892. 

31. Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial infections in combined 
medical-surgical intensive care units in the United States. Infect Control Hosp Epidemiol 2000; 
21:510–515. 

Catheter-related infections     18



32. 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; 355:1864–1868. 

33. Mermel LA. Prevention of intravascular catheter-related infections. Ann Intern Med 2000; 
132:391–402. 

34. Mermel LA, Farr BM, Sherertz RJ, Raad II, O’Grady N, Harris JS, Craven DE. Guidelines for 
the management of intravascular catheter-related infections. Clin Infect Dis 2001; 32:1249–
1272. 

35. Maki DG, Ringer M, Alvarado CJ. Prospective randomised trial of povidone-iodine, alcohol, 
and chlorhexidine for prevention of infection associated with central venous and arterial 
catheters. Lancet 1991; 338:339–343. 

36. Sheehan G, Leicht K, O’Brien M, Taylor G, Rennie R. Chlorhexidine versus povidone-iodine 
as cutaneous antisepsis for prevention of vascular-catheter infection [abstr]. Interscience 
Conference on Antimicrobial Agents and Chemotherapy. Washington, DC: American Society 
for Microbiology, 1993:414(a1616). 

37. Mimoz O, Pieroni L, Lawrence C, Edouard A, Costa Y, Samii K, Brun-Buisson C. Prospective, 
randomized trial of two antiseptic solutions for prevention of central venous or arterial catheter 
colonization and infection in intensive care unit patients. Crit Care Med 1996; 24:1818–1823. 

38. Legras A, Cattier B, Dequin PF, Boulain T, Errotin D. Etude prospective randomisée pour la 
prevention des infections liées aux catheters; chlorhexidine alcoolique contre polyvidone iodée. 
Réanimation et Urgences 1997; 6:5–11. 

39. LeBlanc A, Cobett S. IV site infection: a prospective, randomized clinical trial comparing the 
efficacy of three methods of skin antisepsis. Canadian Intravenous Nurses Association Journal, 
1999; 15:48–50. 

40. Humar A, Ostromecki A, Direnfeld J, Marshall JC, Lazar N, Houston PC, Boiteau P, Conly JM. 
Prospective randomized trial of 10% povidone-iodine versus 0.5% tincture of chlorhexidine as 
cutaneous antisepsis for prevention of central venous catheter infection. Clin Infect Dis 2000; 
31:1001–1007. 

41. Knasinski V, Maki DG. A prospective, randomized, controlled trial of 1% chlorhexidine 75% 
alcohol vs. 10% povidone iodine for cutaneous disinfection and follow-up site care with central 
venous and arterial catheters. (Oral presentation). National Association of Vascular Access 
Network Conference, 2000, San Diego, 2000. 

42. Garland JS, Alex CP, Mueller CD, Otten D, Shivpuri C, Harris MC, Naples M, Pellegrini J, 
Buck RK, McAuliffe TL, Goldmann DA, Maki DG. A randomized trial comparing povidone-
iodine to a chlorhexidine gluconate-impregnated dressing for prevention of central venous 
catheter infections in neonates. Pediatrics 2001; 107:1431–1436. 

43. Ramsay J, Nolte F, Schwarzmann S. Incidence of Crit Care Med 1994; 22:A115. 
44. Trazzera S, Stern G, Bhardway R, Sinha S, Reiser P. Examination of antimicrobial-coated 

central venous catheter in patients at risk for catheter-related infections in a medical intensive 
care unit and leukemia/bone marrow transplant unit [abstr]. Crit Care Med 1995; 23:A153. 

45. Pemberton LB, Ross V, Cuddy P, Kremer H, Fessler T, McGurk E. No difference in catheter 
sepsis between standard and antiseptic central venous catheters. A prospective randomized trial. 
Arch Surg 1996; 131:986–989. 

46. Ciresi DL, Albrecht RM, Volkers PA, Scholten DJ. Failure of antiseptic bonding to prevent 
central venous catheter-related infection and sepsis. Am Surg 1996; 62:641–646. 

47. Bach A, Schmidt H, Bottiger B, Schreiber B, Bohrer H, Motsch J, Martin E, Sonntag HG. 
Retention of antibacterial activity and bacterial colonization of antiseptic-bonded central venous 
catheters. J Antimicrob Chemother 1996; 37:315–322. 

48. Hannan M, Juste RN, Umasanker S, Glendenning A, Nightingale C, Azadian B, Soni N. 
Antiseptic-bonded central venous catheters and bacterial colonisation. Anaesthesia 1999; 
54:868–872. 

Epidemiology and impact of infections     19



49. George SJ, Vuddamalay P, Boscoe MJ. Antiseptic-impregnated central venous catheters reduce 
the incidence of bacterial colonization and associated infection in immunocompromised 
transplant patients. Eur J Anaesthesiol 1997; 14:428–431. 

50. Loo S, van Heerden PV, Gollege CL, Roberts BL, Power BM. Infection in central lines: 
antiseptic-impregnated vs standard non-impregnated catheters. Anaesth Intensive Care 1997; 
25:637–639. 

51. Logghe C, Van Ossel C, D’Hoore W, Ezzedine H, Wauters G, Haxhe JJ. Evaluation of 
chlorhexidine and silver-sulfadiazine impregnated central venous catheters for the prevention of 
bloodstream infection in leukaemic patients: a randomized controlled trial. J Hosp Infect 1997; 
37:145–156. 

52. Maki DG, Stolz SM, Wheeler S, Mermel LA. Prevention of central venous catheter-related 
bloodstream infection by use of an antiseptic-impregnated catheter. A randomized, controlled 
trial. Ann Intern Med 1997; 127:257–266. 

53. Heard SO, Wagle M, Vijayakumar E, McLean S, Brueggemann A, Napolitano LM, Edwards 
LP, O’Connell FM, Puyana JC, Doern GV. Influence of triple-lumen central venous catheters 
coated with chlorhexidine and silver sulfadiazine on the incidence of catheter-related 
bacteremia. Arch Intern Med 1998; 158:81–87. 

54. Marik PE, Abraham G, Careau P, Varon J, Fromm RE Jr. The ex vivo antimicrobial activity 
and colonization rate of two antimicrobial-bonded central venous catheters. Crit Care Med 
1999; 27:1128–1131. 

55. Raad I, Darouiche RO, Dupuis J, Abi-Said D, Gabrielli A, Hachem R, Wall M, Harris RL, 
Jones J, Buzaid A, Robertson C, Shenaq S, Curling P, Burke T, Ericsson C, and the Texas 
Medical Center Catheter Study Group. Central venous catheter coated with minocycline and 
rifampine for the prevention of catheter-related colonization and bloodstream infections. A 
randomized, double-blind trial. Ann Intern Med 1997; 127:267–274. 

56. Tennenberg S, Lieser M, McCurdy B, Boomer G, Howington E, Newman C, Wolf I. A 
prospective randomized trial of an antibiotic- and antiseptic- coated central venous catheter in 
the prevention of catheter-related infections. Arch Surg 1997; 132:1348–1351. 

57. Wisplinghoff H, Perbix W, Seifert H. Risk factors for nosocomial bloodstream infections due to 
Acinetobacter baumannii: a case-control study of adult burn patients. Clin Infect Dis 1999; 
28:59–66. 

58. Collin GR. Decreasing catheter colonization through the use of an antisepticimpregnated 
catheter: a continuous quality improvement project. Chest 1999; 115:1632–1640. 

59. Sheng WH, Ko WJ, Wang JT, Chang SC, Hsueh PR, Luh KT. Evaluation of antiseptic-
impregnated central venous catheters for prevention of catheter-related infection in intensive 
care unit patients. Diagn Microbiol Infect Dis 2000; 38:1–5. 

60. Darouiche RO, Raad II, Heard SO, Thornby JI, Wenker OC, Gabrielli A, Berg J, Khardori N, 
Hanna H, Hachem R, Harris RL, Mayhall G, for the catheter study group. A comparison of two 
antimicrobial-impregnated central venous catheters. NEJM 1999; 340:1–8. 

61. Barsic B, Beus I, Marton E, Himbele J, Klinar I. Nosocomial infections in critically ill 
infectious disease patients: results of a 7-year focal surveillance. Infection 1999; 27:16–22. 

62. Gastmeier P, Schumacher M, Daschner F, Ruden H. An analysis of two prevalence surveys of 
nosocomial infection in German intensive care units. J Hosp Infect 1997; 35:97–105. 

63. Legras A, Malvy D, Quinioux AI, Villers D, Bouachour G, Robert R, Thomas R. Nosocomial 
infections: prospective survey of incidence in five French intensive care units. Intensive Care 
Med 1998; 24:1040–1046. 

64. Sherertz RJ, Ely EW, Westbrook DM, Gledhill KS, Streed SA, Kiger B, Flynn L, Hayes S, 
Strong S, Cruz J, Bowton DL, Hulgan T, Haponik EF. Education of physicians-in-training can 
decrease the risk for vascular catheter infection. Ann Intern Med 2000; 132:641–648. 

65. Finkelstein R, Rabino G, Kassis I, Mahamid I. Device-associated, device-day infection rates in 
an Israeli adult general intensive care unit. J Hosp Infect 2000; 44:200–205. 

Catheter-related infections     20



66. Luna J, Masdeu G, Perez M, Claramonte R, Forcadell I, Barrachina F, Panisello M. Clinical 
trial evaluating a new hub device designed to prevent catheter-related sepsis. Eur J Clin 
Microbiol Infect Dis 2000; 19:655–662. 

67. Timsit JF, Bruneel F, Cheval C, Mamzer MF, Garrouste-Orgeas M, Wolff M, Misset B, 
Chevret S, Regnier B, Carlet J. Use of tunneled femoral catheters to prevent catheter-related 
infection. A randomized, controlled trial. Ann Intern Med 1999; 130:729–735. 

68. Dettenkofer M, Ebner W, Els T, Babikir R, Lucking C, Pelz K, Ruden H, Daschner F. 
Surveillance of nosocomial infections in a neurology intensive care unit. J Neurol 2001; 
248:959–964. 

69. Petrosillo N, Viale P, Nicastri E, Arici C, Bombana E, Casella A, Cristini F, De Gennaro M, 
Dodi F, Gabbuti A, Gattuso G, Irato L, Maggi P, Pallavicini F, Pan A, Pantaleoni M, Ippolito G. 
Nosocomial bloodstream infections among human immunodeficiency virus-infected patients: 
incidence and risk factors. Clin Infect Dis 2002; 34:677–685. 

70. 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; 136:229–234. 

71. Wallace WC, Cinat M, Gornick WB, Lekawa ME, Wilson SE. Nosocomial infections in the 
surgical intensive care unit: a difference between trauma and surgical patients. Am Surg 1999; 
65:987–990. 

72. Weber JM, Sheridan RL, Pasternack MS, Tompkins RG. Nosocomial infections in pediatric 
patients with burns. Am J Infect Control 1997; 25:195–201. 

73. Singh-Naz N, Sprague BM, Patel KM, Pollack MM. Risk assessment and standardized 
nosocomial infection rate in critically ill children. Crit Care Med 2000; 28:2069–2075. 

74. Gastmeier P, Hentschel J, de Veer I, Obladen M, Ruden H. Device-associated nosocomial 
infection surveillance in neonatal intensive care using specified criteria for neonates. J Hosp 
Infect 1998; 38:51–60. 

75. Simon A, Bindl L, Kramer MH. [Surveillance of nosocomial infections: prospective study in a 
pediatric intensive care unit. Background, patients and methods]. Klin Pädiatr 2000; 212:2–9. 

76. Mahieu LM, De Muynck AO, Ieven MM, De Dooy JJ, Goossens HJ, Van Reempts PJ. Risk 
factors for central vascular catheter-associated bloodstream infections among patients in a 
neonatal intensive care unit. J Hosp Infect 2001; 48:108–116. 

77. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, Sibbald WJ. 
Definitions for sepsis and organ failure and guidelines for the use of innovative therapies in 
sepsis. The ACCP/SCCM consensus conference committee. American College of Chest 
Physicians/Society of Critical Care Medicine. Chest 1992; 101:1644–1655. 

78. von Meyenfeldt MM, Stapert J, de Jong PC, Soeters PB, Wesdorp RI, Greep JM. TPN catheter 
sepsis: lack of effect of subcutaneous tunnelling of PVC catheters on sepsis rate. J Parenter 
Enteral Nutr 1980; 4:514–517. 

79. Garden OJ, Sim AJW. A comparison of tunneled and non-tunneled subclavian vein catheters: a 
prospective study of complications during parenteral feeding. Clin Nutr 1983; 2:51–54. 

80. Timsit JF, Sebille V, Farkas JC, Misset B, Martin JB, Chevret S, Carlet J. Effect of 
subcutaneous tunneling on internal jugular catheter-related sepsis in critically ill patients: a 
prospective randomized multicenter study. JAMA 1996; 276:1416–1420. 

81. Merrer J, De Jonghe B, Golliot F, Lefrant JY, Raffy B, Barre E, Rigaud JP, Casciani D, Misset 
B, Bosquet C, Outin H, Brun-Buisson C, Nitenberg G. Complications of femoral and subclavian 
venous catheterization in critically ill patients: a randomized controlled trial. JAMA 2001; 
286:700–707. 

82. Soufir L, Timsit JF, Mahe C, Carlet J, Regnier B, Chevret S. Attributable morbidity and 
mortality of catheter-related septicemia in critically ill patients: a matched, risk-adjusted, cohort 
study. Infect Control Hosp Epidemiol 1999; 20:396–401. 

83. Smith RL, Meixler SM, Simberkoff MS. Excess mortality in critically ill patients with 
nosocomial bloodstream infections. Chest 1991; 100:164–167. 

Epidemiology and impact of infections     21



84. Wey SB, Motomi M, Pfaller MA, Woolson RF, Wenzel RP. Hospital-acquired candidemia. The 
attributable mortality and excess length of stay. Arch Intern Med 1988; 148:2642–2645. 

85. Rello J, Ricart M, Mirelis B, Quintana E, Gurgui M, Net A, Prats G. Nosocomial bacteremia in 
a medical-surgical intensive care unit: epidemiologic characteristics and factors influencing 
mortality in 111 episodes. Intensive Care Med 1994; 20:94–98. 

86. Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infection in critically ill patients. 
Excess length of stay, extra costs, and attributable mortality. JAMA 1994; 271:1598–1601. 

87. Pittet D, Wenzel RP. Nosocomial bloodstream infection in the critically ill. JAMA 1994; 
272:1819–1820. 

88. Di Giovine B, Chenoweth C, Watts C, Higgins M. The attributable mortality and costs of 
primary nosocomial bloodstream infection in the intensive care unit. Am J Respir Crit Care Med 
1999; 160:976–981. 

89. Rello J, Ochagavia A, Sabanes E, Roque M, Mariscal D, Reynaga E, Valles J. Evaluation of 
outcome of intravenous catheter-related infections in critically ill patients. Am J Respir Crit 
Care Med 2000; 162:1027–1030. 

90. Renaud B, Brun-Buisson C. Outcomes of Primary and Catheter-related Bacteremia. A cohort 
and case-control study in critically ill patients. Am J Respir Crit Care Med 2001; 163:1584–
1590. 

91. Brooks A, Ekleberry A, McMahon J, Begle R, Johnson M, Rizzo J, Zervos MJ. Evaluation of 
clinical practice guidelines on outcome of infection in medical intensive care unit patients. 
Infect Dis Clin Pract 1999; 8:97–106. 

92. Raymond J, Aujard Y. Nosocomial infections in pediatric patients: a Euro-pean, multicenter 
prospective study. European Study Group. Infect Control Hosp Epidemiol 2000; 21:260–263. 

93. Gilio AE, Stape A, Pereira CR, Cardoso MF, Silva CV, Troster EJ. Risk factors for nosocomial 
infections in a critically ill pediatric population: a 25-month prospective cohort study. Infect 
Control Hosp Epidemiol 2000; 21:340–342. 

94. Doebbeling BN, Stanley GL, Sheetz CT, Pfaller MA, Houston AK, Annis L, Li N, Wenzel RP. 
Comparative efficacy of alternative hand-washing agents in reducing nosocomial infections in 
intensive care units. NEJM 1992; 327:88–93. 

95. Groot AJ, Geubbels EL, Beaumont MT, Wille JC, de Boer AS. [Hospital infections and risk 
factors in the intensive care units of 16 Dutch hospitals, results of surveillance of quality 
assurance indicators]. Ned Tijdschr Geneeskd 2001; 145:1249–1254. 

96. Price J, Ekleberry A, Grover A, Melendy S, Baddam K, McMahon J, Villalba M, Johnson M, 
Zervos MJ. Evaluation of clinical practice guidelines on outcome of infection in patients in the 
surgical intensive care unit. Crit Care Med 1999; 27:2118–2124. 

97. Kollef MH, Vlasnik J, Sharpless L, Pasque C, Murphy D, Fraser V. Scheduled change of 
antibiotic classes: a strategy to decrease the incidence of ventilator-associated pneumonia. Am J 
Respir Crit Care Med 1997; 156:1040–1048. 

98. Velasco E, Thuler LC, Martins CA, Dias LM, Goncalves VM. Nosocomial infections in an 
oncology intensive care unit. Am J Infect Control 1997; 25:458–462. 

99. Wurtz R, Karajovic M, Dacumos E, Jovanovic B, Hanumadass M. Nosocomial infections in a 
burn intensive care unit. Burns 1995; 21:181–184. 

100. O’Grady NP, Alexander M, Dellinger EP, Gerberding JL, Heard SO, Maki DG, Masur H, 
McCormick RD, Mermel LA, Pearson ML, Raad II, Randolph A, Weinstein RA. 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. 

Catheter-related infections     22



2  
Pathogenesis of Vascular Catheter 

Infections  
Robert J.Sherertz 

Wake Forest University School of Medicine  
Winston-Salem, North Carolina, U.S.A. 

Several detailed summaries of the pathogenesis of vascular catheter infections have been 
written in recent years (1–3). Each summary contains unique information that is worth 
reviewing. Information presented previously is summarized subsequently, and new 
understandings provided by more recent studies are discussed. 

A QUANTITATIVE RELATIONSHIP EXISTS BETWEEN 
CATHETER COLONIZATION AND INFECTION 

Like many infectious diseases, vascular catheter infection is at one end of a spectrum 
with colonization at the other. Clinical findings clearly correlate with quantitative 
catheter cultures (2,3,5–15). Studies in patients have nicely shown that the more 
microorganisms are removed from the surface of the catheter, the greater the likelihood 
of pericatheter erythema and catheter-related bloodstream infection (6–12). In an animal 
model, it has been further shown that the amount of inflammation around a colonized 
catheter (determined using a histologic index) and the likelihood of developing purulence 
around a catheter also correlate with the number of removeable organisms (Fig. 1) (13–
15) 

MICROBIOLOGY OF VASCULAR CATHETER INFECTIONS 

The microbiology of vascular catheter infections has changed very little over many years. 
The three most common organisms causing such infections are Staphylococcus 
epidermidis (and other coagulase negative staphylococci), Staphylococcus aureus, and 
Candida (Table 1) (1–3,6–11,16,17). S. epidermidis predominates in both long- and 
short-term catheters (17). S. aureus and Candida catheter-related infections are much 
more likely to be associated with positive blood cultures for unclear reasons (11). 
Virtually all other aerobic organisms known to cause nosocomial infections have been 
reported to cause vascular catheter infections. Anaerobic organisms and mycobacteria are 
extremely uncommon. 



 

.  

 

Figure 1 Association between the 
number of Staphylococcus aureus 
removed from the catheter and the 
percentage of catheters with purulence 
at the insertion site in a rabbit model of 
subcutaneous catheter infection. (From 
Ref. 15.) 

Table 1 Organisms Reported in Prospective Studies 
in the Medical Literature to Cause Catheter-Related 
Bloodstream Infection 

Organism N 

Coagulase negative staphylococci 27 

Staphylococcus aureus 26 

Yeast 17 

Enterobacter 7 

Serratia 5 

Enterococcus 5 

Klebsiella 4 

Streptococcus viridans 3 

Pseudomonas 3 
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Proteus 2 

Other 1 

Source: Ref. 16. 

FACTORS INCREASING THE RISK OF DEVELOPING 
CATHETER-RELATED INFECTION: SKIN 

Inserting a catheter through abnormal skin has clearly been shown to increase the risk of 
catheter-related infections. The prototype example of this situation is the burn patient 
(18). A more subtle manifestation of this same phenomenon exists in endstage HIV 
patients who have very high rates of S. aureus infection when long-term central catheters 
are placed (19). Although the explanation for this finding is not precisely clear, this 
patient group is known to have frequent dermatitis, particularly seborrheic dermatitis, and 
increased skin colonization +/− nasal colonization with S.aureus (20,21). Patients with 
dermatitis are known to have increased skin colonization rates with S.aureus, which is 
probably mediated by fibrinogen and fibronectin (22). 

Quantitative Skin Microbiology 

Data from quantitative skin microbiology have shown variations in the number of colony-
forming units (cfu)/cm2 that correlate strongly with risk of catheter-related infection 
(1,23,24). The findings in these studies demonstrate that peripheral catheters are exposed 
to lower numbers of cfu/cm2 of skin than central venous catheters, and suggest that this 
may partially explain the greater risk of infection associated with central venous 
catheters. 

Moisture at Catheter Site, Under Dressing 

A pool of sweat under a plastic dressing has been shown to increase the risk of infection, 
but overall the risk of infection associated with plastic dressings is similar to that of 
gauze dressings (25). 

OTHER 

A number of other risk factors have been identified by multivariate analysis to increase 
the risk of catheter-related infection (26–38). Intrinsic risk factors include obesity, 
gestational age ≤32 weeks, exposure to unrelated bacteremia, second catheterization, 
disease of the gastrointestinal tract, chronic renal failure, and granulocytopenia (27–32). 
Extrinsic risk factors can be grouped by (a) catheter insertion: difficulty with insertion, 
inadequate aseptic technique, placing a catheter in a jugular vein or a femoral vein, type 
of vascular access device and how it is used; (b) catheter maintenance: increased duration 
of catheterization, inappropriate catheter care, contamination of the catheter hub, and 
increased numbers of line breaks per day; (c) hospital residence: residence within a 
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coronary care unit or on a surgical service, transfer to an-other service, and (d) 
contamination of infusate: this can occur during manufacturing, during preparation of 
nutrient solutions (hyperalimentation—yeasts, 5% dextrose—Gram negative rods, lipid 
emulsions—Malassezia), when using multidose vials, and using warming baths for blood 
bank products (1–3,25,27–37). The risk of catheter-related bloodstream infection has 
been reported to vary as much as 50-fold, based on the type of vascular access employed, 
with peripheral venous catheters at one end of the spectrum and hemodialysis catheters at 
the other (3). 

FACTORS DECREASING THE RISK OF CATHETER-RELATED 
INFECTION: ANTIBIOTICS 

The use of systemic antibiotics during catheterization—but not at the time of insertion—
decreased the risk in several studies (25,29,32,39,40). Using anti-biotics as a lock 
solution after infusion has decreased the risk of catheter-related bloodstream infection 
(41–43). Although this has clearly been shown to be effective, there remain great 
concerns about whether this will accelerate the appearance of organisms resistant to 
vancomycin. The use of catheters coated with chlorhexidine and silver sulfadiazine or 
minocycline and rifampin have both been shown to reduce the risk of infection in 
comparison with uncoated catheters; and minocycline/rifampin-coated catheters were 
shown to be superior to chlorhexidine/silver sulfadiazine-coated catheters in randomized 
trials (44–46). 

Improved Antisepsis 

The use of chlorhexidine as a skin preparation agent has been shown to be more effective 
than povidone iodine (47). Maximum sterile barriers have also been shown to reduce the 
risk of infection in comparison with a small drape, no sterile gown, etc. (48). Educational 
interventions aimed at improving the technique of the physicians inserting the catheters 
have also been associated with lower rates of catheter-related bloodstream infection (49–
51). 

SOURCE OF MICROORGANISMS 

Initial catheter colonization may originate from one of five major locations: skin, catheter 
hub, hematogenous seeding, infusion fluid, or contiguous infection (Fig. 2). Subsequent 
to initial colonization, a biofilm develops at a variable rate, but can be present uniformly 
in central venous catheters by three days after insertion (4). A striking and still 
unexplained finding is that approximately half of the catheters with biofilms identifiable 
by electron microscopy have visible bacteria that do not grow (4). The majority of the 
organisms that do not grow in routine cultures are coagulase negative staphylococci when 
studied using molecular probes (Guy Cook, Bacterin, Inc., Boseman, MT; personal 
communication). For catheters with microorganisms  

Catheter-related infections     26



 

Figure 2 Sources of vascular catheter 
infection. Vascular catheter infection 
develops most commonly from 
organisms originating at the skin 
surface, followed by the catheter hub, 
and then much less frequently from 
infusion fluid, hematogenous seeding, 
or contiguous infection. 

that can be grown by culture, the time course of their appearance is variable. In intensive 
care unit (ICU) patients, the sequence of initial colonization is first from the skin 
(average 5.1 days from insertion), then from hematogenous seeding (average 8.6 days), 
and finally from the catheter hub (average 13.1 days) in about equal proportions, with 
other sources being much less common (<5%). In long-term catheters, the majority of 
colonization originates from the hub (5). These findings suggest that early colonization 
relates to the insertion process and later colonization to line breaks, with hematogenous 
seeding being a risk in patients who develop bloodstream infection from a source 
elsewhere in the body. The risk of hematogenous seeding associated with long-term 
catheters has not been clearly defined. 

A recent study by Atela et al. utilized molecular typing techniques and surveillance 
cultures of the vascular catheter skin exit site and catheter hub in an ICU patient 
population to evaluate the source of microorganisms (52). Approximately half of the 
organisms colonizing catheter tips were found to match up with either skin strains (early) 
or hub strains (later, >8 days after insertion); the source of the other half was not 
identified. The finding of organisms originating from the skin early and from the hub 
later is consistent with other studies (1–3). The high frequency of isolates for sources 
other than skin or hub is likely to be explained by the finding that in ICU patients, up to 
50% of organisms colonizing the catheter tip may have arrived hemagenously (5,28). 
Another possibility is suggested by a study by Frebourg et al. (53). Twenty of 54 patients 
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with coagulase-negative staphylococci (CNS) on their vascular catheter had a matching 
strain (using molecular typing) in their nose. This raised the possibility that, like 
S.aureus, the nose may be a source for CNS infecting vascular catheters. An additional 
new finding from the study by Atela et al. was that CNS strains were found to change 
dynamically on the skin, whereas other organisms were more likely to maintain persistent 
colonization (52). The dynamic nature of skin colonization by CNS is not yet understood, 
but may be quite important in understanding the pathogenesis of catheter-related 
infections. 

Two clinical studies raise the possibility that certain strains of CNS are more 
transmissible or better able to cause catheter-related infection. Nouwen et al. found that 
two genotypes of CNS predominated (74%) as a cause of catheter-related infections in a 
group of hematology oncology patients (54). In a more mixed group of patients with CNS 
catheter-related infections, Worthington et al. found that 25% of the isolates have 
identical genotypes (55). The competitive advantage of the clonal isolates has not yet 
been identified and deserves further study to better understand the mechanism. 

Biofilm 

The importance of biofilm formation in vascular catheter infections is becoming 
increasingly apparent. The greatest progress in understanding the importance of biofilms 
in the pathogenesis of catheter-related infection has occurred with S.epidermidis. Initial 
attachment appears to be mediated by a protein autolysin (AtlE) (56,57). Subsequent 
adherence and biofilm formation are mediated by polysaccharide intercellular adhesin 
(PIA) (58– 60). In a rat model, S.epidermidis isolates lacking AtlE or PIA are 
significantly less likely (P<0.05) to cause catheter infection, peripheral bacteremia, and 
metastatic infection (61,62). Even more interesting in this regard is that the ica operon 
that encodes for PIA in S.epidermidis can also be found in S.aureus isolates from patients 
with catheter-related infection or prosthetic joint infection, suggesting that the ability to 
form biofilm may be more conserved in staphylococci than previously appreciated 
(63,64). The ica locus appears to be regulated by the agr quorum-sensing system (65). S. 
aureus strains that are agr-positive are unlikely to form biofilms (6%), whereas agr-
negative strains form biofilms 78% of the time. Importantly, blockers that can inhibit 
S.aureus quorum sensing increase biofilm formation. Since quorum-sensing blockers are 
being considered as adjuncts to antibiotic therapy, this could actually negatively affect 
S.aureus by augmenting biofilm formation. This could paradoxically decrease the 
efficacy of antibiotics by increasing the amount of drug necessary to kill the organism 
100- to 1000-fold. 

THE INTERACTION BETWEEN CATHETER-RELATED 
THROMBOSIS AND INFECTION 

There are a number of recent studies examining the relationship between thrombosis and 
indwelling vascular catheters. Ultrasound studies have shown that early (≤24 h) catheter-
related thrombosis occurs near the site of insertion and later (>24 h) thrombosis occurs 
near the catheter tip (66). Catheters left in place for more than a few days will be encased 

Catheter-related infections     28



by a fibrin sleeve, which will be transformed into a collagen tunnel covered by 
endothelial cells within a few months (67). A number of factors further affect the natural 
history of clot formation. Peripherally inserted central venous catheters (PICC) appear to 
have a higher risk of thrombosis than centrally inserted catheters (68). Some studies 
suggest that there is even a hierarchy of thrombosis risk for central catheters: femoral 
catheters > subclavian catheters > internal jugular catheters (34,69). Tip position can 
even further modify the risk of thrombosis for central venous catheters; peripheral 
location (axillosubclavianinnominate) or right atrium > superior vena cava (70–73). 
Catheter material may affect the risk with silicone having up to a threefold greater risk 
than other materials (74). Some recent data suggest that antibodies to certain blood 
coagulation factors, such as inhibitors to factors V and VIII, may increase the risk of 
catheter-related thrombosis through as yet unclear mechanisms (75,76). Bone marrow 
harvesting appears to induce a short-term hypercoaguable state (77). There are some data 
in pediatric oncology patients that suggest that genetic risk factors for intravascular 
thrombosis such as factor V Leiden, etc. may increase the risk of catheter-related 
thrombosis (78,79), but this seems less clear with adults (80,81). 

An ongoing speculation is whether there is a link between catheter-related infection 
and catheter-related thrombosis; in particular, which comes first (82–85). Such 
speculations have been amplified by a number of studies with heparin-coated central 
venous catheters, which have shown a reduction in both catheter-related thrombosis and 
catheter-related infection (86,87). In these studies, heparin is attached to the catheter via 
benzalkonium chloride, which has substantial antibacterial properties and may be the 
source of the reduction in risk of infection. Whether the risk of thrombosis was reduced 
in these studies by the bound heparin, the benzalkonium chloride, or both has not been 
determined. This association has assumed even greater importance since the realization 
that there is a statistically significant increase in the risk of deep venous thrombosis 
associated with femoral venous catheterization (34,88), which can be prevented by using 
heparin-bonded catheters (86,87). Recent in vitro studies have shown that surface 
manipulations of polyurethane can lead to differences in protein and platelet deposition 
with associated differences in bacterial adherence (89). No in vivo data exist to show 
whether such observations will have clinical significance. 

FUTURE RESEARCH 

Recent work clearly suggests that we need to understand why certain strains of S.aureus 
and S.epidermidis are much more likely to cause catheter-related infections. In particular, 
can a better understanding of biofilm formation lead to interventions that reduce the risk 
of infection without having to resort to antibiotic coatings that may engender resistance to 
antibiotics used therapeutically? Another area deserving attention is to develop a better 
understanding of the relationship between catheter colonization and clot formation, 
especially since there are hints suggesting that catheter colonization may come first. 
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INTRODUCTION 

Intravascular devices are used increasingly in new areas of medical care, including 
antineoplastic therapy in oncology/hematology, treatment of chronic infectious diseases, 
total parenteral nutrition, and management of critically ill patients. Central venous 
catheters (CVCs) are a leading source of nosocomial infections, and catheter-related 
infection (CRI) poses a number of problems in terms of risk factors, diagnosis, treatment, 
and prevention. Intravascular CRIs result in increased hospital costs, duration of 
hospitalization, and patient morbidity (1). 

Clinical findings are not sufficient to establish the diagnosis of infections related to a 
CVC (2–4); the present chapter will only superficially deal with the description of 
clinical diagnosis. A definite diagnosis of CRI usually requires the removal of the 
catheter for catheter-tip culture, and catheter-tip culture methods will be described later. 
However, over 75% of CVCs that are removed because of suspicion of CRI are removed 
unnecessarily, since the septic focus may be found in another anatomic site (2). 
Diagnostic techniques have been proposed to establish the diagnosis of CRI and to avoid 
unjustified removal of the catheter. This chapter will focus mainly on the microbiological 
diagnosis of CRI, with and without catheter removal. 

PATHOGENESIS 

Pathogenesis of vascular CRI is detailed in another chapter. However, it is important to 
address briefly the main routes of colonization of catheters, which may influence the 
diagnostic approach to CRIs. 

Colonization of the catheter may occur by means of two major pathways that have 
been traditionally opposed: the extraluminal or the intraluminal route. In fact, these two 
pathways to CRI occur at different times in the course of catheterization (5). The 
extraluminal route (from the cutaneous entry site) predominates for short-term catheters 
(i.e., <30 days), such as those inserted in the intensive care unit. Conversely, endoluminal 
contamination is the most frequent route of microbial seeding in prolonged indwelling 
vascular catheters, thus predominating in patients with total parenteral nutrition or in 
cancer patients with long-term catheters for chemotherapy (6). Linares et al., 



investigating 135 subclavian catheters in patients on total parenteral nutrition, concluded 
that the catheter hub was the source of infection in 14 (70%) of 20 episodes of catheter-
related bloodstream infections (CR-BSIs) (7). Logically, the authors concluded that the 
most common site of origin of organisms causing CRI was the catheter hub, in this 
setting. 

Other routes for CRIs include hematogenous seeding of the catheter during an episode 
of secondary bacteremia, or contamination of the infusate. Overall, in clinical practice, 
about 65% of the CRIs originate from the skin, 30% from the contaminated hub, and 5% 
from other pathways (5). In a study by Cercenado et al., among 125 patients hospitalized 
in intensive care units and medical and surgical wards, 56.5% of CRIs had an external 
origin, 22.5% had an internal origin, and 15% had both origins (8). 

The accuracy of each diagnostic approach is dependent on the main pathway of 
colonization involved. Diagnostic techniques which explore the external surface of the 
catheter are mainly designed for short-term catheters contaminated by the extraluminal 
route. Methods exploring both external and internal surfaces of the catheter tip are 
obviously appropriate for diagnosing either short-term or long-term intravascular CRIs. 
This point will be detailed later in this chapter. 

In summary, short-term catheter-related infections will be better diagnosed by 
techniques exploring the extraluminal pathway of colonization, from the cutaneous entry 
site of the catheter. Conversely, long-term catheter-related infections are better diagnosed 
by techniques exploring the endoluminal pathway of colonization, from the hub of the 
catheter. 

DEFINITIONS AND CLINICAL DIAGNOSIS 

CRIs may be separated into localized and systemic infections. Localized infections, such 
as exit-site infections, pocket infections, or tunnel infections, are confined to the catheter 
and surrounding tissues. Systemic infections are catheter-related bloodstream infections 
(CR-BSIs), i.e., bacteremia or septicemia. Infusate-related bloodstream infections are 
included in the category of systemic infections, as well as infectious complications such 
as septic thrombophlebitis, endocarditis, or metastatic infection (9). 

Clinical findings are not sufficient to establish the diagnosis of infections related to a 
CVC. Except in some very typical cases, local or systemic signs of infection lack 
sensitivity or specificity. In a clinical study on 101 intravenous catheters from 82 
patients, local inflammation was not significantly associated with CRI, with the exception 
of gross pus on the catheter exit site (4). In a more recent study, the rate of colonized 
CVCs was similar whatever the indication for catheter removal was: systemic sepsis 
(36.7%), local sepsis (36.4%), CVC no longer needed (31.3%), or death (30%) (10). This 
finding underlines the lack of specificity of clinical suspicion of CRI based on local or 
systemic signs of infection. 

Local Infections 

Superficial signs of infection are often, but not always, present in cases of colonization of 
the catheter surface; inflammation at the catheter exit site may be lacking in as many as 
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70% of CR-BSIs. Conversely, inflammation is not always due to infection, whereas 
purulence around the CVC and bacteremia have great specificity but are poorly sensitive 
(1). The presence of components of inflammation may be helpful for the diagnosis of 
peripheral CRI, but is rare in CVC-related infections. In the classical study by Maki et al. 
(11), local inflammation was present in only 64% of catheters that were positive on 
semiquantitative culture, and in as many as 18% of culture-negative ones. Among 142 
catheters used for total parenteral nutrition, CRI was associated with the presence of 
erythema larger than 4 mm in diameter at the insertion site (12). In this study, however, 
there was no significant association between CRI and either swelling, tenderness, or 
extravasation of fluid at the insertion site (12). 

Definitions of exit-site, pocket, and tunnel infections and of superficial suppurative 
thrombophlebitis are given in Table 1 (1). Exit-site infections are characterized by 
inflammation localized in the immediate area of the catheter exit site. Exit-site infections 
can often be cured by means of antibiotics and local care (13), except if Staphylococcus 
aureus or Pseudomonas aeruginosa are cultured from the exit site. Conversely, catheter 
removal is required to achieve cure in most tunnel (13) and pocket infections. 

Superficial suppurative thrombophlebitis is frequently associated with thrombosis and 
bacteremia. Burn patients particularly are exposed to this complication. Signs of local 
inflammation are commonly present in the upper extremities. Conversely, 
thrombophlebitis is often difficult to identify when catheters are inserted in the lower 
extremities, since local signs of inflammation may be absent in as many as two-thirds of 
patients. Therefore, suppu- 

Table 1 Commonly Used Definitions of Catheter-
Related Infections 

Local infections 

Exit-site infections: erythema, increased warmth, tenderness, induration, or purulence within 2 
cm of the skin at the exit site of the catheter. 

Pocket infections of totally implanted devices: erythema and necrosis of the skin over the 
reservoir, or purulent exudate in the subcutaneous pocket containing the reservoir. 

Tunnel infections: erythema, tenderness, and induration in the tissues overlying the catheter and 
>2 cm from the exit site. 

  

Superficial suppurative thrombophlebitis: inflammation of the vein wall due to the presence of 
microorganisms. 

Systemic infections 

Catheter-related bloodstream infections: isolation of the same organism (identical species, 
antibiogram) from a catheter segment culture and from the blood of a patient with accompanying 
clinical symptoms of bloodstream infections, in the absence of another apparent source of 
infection. 

  

Infusate-related bloodstream infections: isolation of the same microorganism from infusate and 
from separate percutaneous blood cultures, without another identifiable source of infection. 

Source: Ref. 1. 
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rative thrombophlebitis may be revealed tardily by a picture of septic shock, or by 
pulmonary abscesses. A duration of intravenous catheterization greater than four days is 
an important risk factor for suppurative thrombophlebitis. 

Systemic Infections 

Catheter-related bloodstream infections are defined in Table 1 (1). Fever, with or without 
chills, is the most sensitive finding, but it has poor specificity for the diagnosis of CR-
BSI (1), especially in critically ill or cancer patients. In the absence of laboratory 
confirmation, the cure of the sepsis syndrome or return to a normal temperature after 
removal of an implicated catheter from a patient with BSI may be considered indirect 
evidence of CR-BSI (1,14). Fever, chills, or hypotension at the time of catheter 
connection should also increase the suspicion of CRI. Finally, a CR-BSI is likely when 
the bacteremia or fungemia is due to a common skin organism (such as coagulase-
negative staphylococci, propionibacterium, micrococcus, Bacillus sp.), S. aureus, or 
Candida spp., and no apparent source of sepsis is identified except the catheter (14). In 
contrast, patients with catheter-tip cultures positive for S. aureus have a high risk to 
develop bacteremia from this microorganism, whereas the risk is lower for coagulase-
negative staphylococci (15). 

Thoracic central vein suppurative thrombophlebitis occurs in patients with CVCs. The 
systemic findings of sepsis overshadow any local finding of venous occlusion; a superior 
vena cava syndrome is rare in this setting. When a CR-BSI fails to be resolved after 
catheter removal and despite appropriate antimicrobial therapy, a suppurative 
thrombophlebitis should be suspected. 

In summary, local or systemic signs of infection lack sensitivity or specificity, and are 
not sufficient to establish the diagnosis of CRI. Inflammation at the exit site is not always 
due to infection, and may be lacking in 70% of CR-BSI. Purulence around the catheter 
has great specificity, but is poorly sensitive. Fever is the most sensitive finding, but it has 
poor specificity for the diagnosis of CR-BSI. The cure of the sepsis syndrome after 
removal of an implicated catheter from a patient with BSI is indirect evidence of CR-BSI. 
Fever, chills, or hypotension at the time of catheter connection should also increase the 
suspicion of CRI. Finally, a CR-BSI is likely when the BSI is due to a common skin 
organism such as coagulase-negative staphylococci, S.aureus, or Candida spp., without 
apparent source of sepsis except the catheter. 

CATHETER-TIP CULTURE TECHNIQUES 

Qualitative Broth Culture 

Traditionally, a definite diagnosis of CRI requires removal of the catheter, or a guidewire 
exchange, for culture of the catheter tip (16,17). Qualitative broth culture of the catheter 
tip was the only method available until 1977: The catheter segment was immersed in 
broth and incubated. The main concern was that broth cultures could not distinguish 
between colonization and infection (5). In studies employing the culture technique by 
immersion in liquid medium, the actual rate of CRI was overestimated (11). 
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Broth cultures are highly sensitive. When broth cultures are negative, the probability 
of CRI is low. Conversely, considering that removing a catheter may provide opportunity 
for contaminating it, and that microorganisms from distant sites of infection can “seed” 
the catheter, the clinical relevance of a positive catheter culture in broth is poor. 
Interestingly, the effect of the skin exit site and the subcutaneous tunnel on the accuracy 
of CVC-tip cultures has been studied in an in vitro model (18). The authors showed that 
pulling a catheter through a contaminated area resulted in clinical contamination. When 
such a phenomenon occurs, quantitation of microorganisms may help to differentiate 
between contamination and significant colonization. In addition, using this model, Harris 
et al. showed that organisms growing on the distal segment of the catheter can be 
dislodged from the surface of the catheter when it is pulled through an agar tunnel (18). 

Semiquantitative Catheter-Tip Culture 

Since 1977, semiquantitative catheter-tip culture techniques have been proposed to 
replace qualitative broth cultures. The roll plate method has been proposed by Maki et al. 
(11), in which the external surface of the distal segment of the catheter is rolled on a 
blood agar plate, which is subsequently incubated at 37°C for 48 h (Table 2). Two-
hundred and fifty catheters were studied, from 198 patients; most of them were inserted 
in a peripheral vein (Table 3). A threshold of 15 colony-forming units (cfu) was 
correlated with local signs of inflammation. The roll plate method is historically the first 
technique that distinguishes infection from contamination, and it is much more specific in 
diagnosing CRI than catheter culture in broth. 

However, this technique, which explores only the external surface of the catheter, has 
some important limitations. First, the threshold of 15 or more colonies on the plate was 
designated as positive semiquantitative culture because local inflammation was more 
frequent (16/25 versus 30/225) with catheters yielding 15 or more colonies (11). 
However, correlation with clinical criteria of infection is not precise in the study. Only 
four cases of bacteremia have been reported. In each case, a confluent growth (colony 
count ≥ 103) of the infecting pathogen was observed, so that the accuracy of the 15 cfu 
threshold is debatable. Second, most of the devices analyzed were peripheral short-term 
catheters, so that extrapolation to CVCs may be hazardous. In particular, the accuracy of 
the roll plate method with long-term intravascular devices, for which the intraluminal 
route of colonization predominates, remains to be determined. Third, although it has 
optimal sensitivity, the technique lacks specificity (20–50%) (5). In 1983, Moyer et al. 
showed that positive and negative predictive values were 25 and 100%, respectively, 
using this threshold (4). 

Other thresholds for significant colonization of the catheter have been evaluated in 
several studies. Collignon et al. studied 780 tips from central CVCs inserted in 440 
critically ill patients (19). The results were correlated with clinical data for 30 bacteremic 
episodes, 14 of which were CR-BSIs. When five or more colonies per plate were taken as 
a positive result, instead of 15 cfu, the sensitivity and specificity of the method were 92% 
and 83%, respectively, with a negative predictive value of 99.8%. However, given the 
low incidence of CR-BSIs [2%], the positive predictive value was only 8.8% in the 
population studied. The positive predictive value was only slightly improved (9.8%) 
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when the threshold for significant colonization of the catheter was increased to 100 cfu 
(19). This value is notably insufficient for a reference technique. 

Three years later, Kristinsson et al. studied prospectively 236 CVCs using roll plate 
culture, combined with tip-flush and ultrasonication techniques (20). The results of 
culture showed a bimodal distribution: All the patients with CRI had more than 50 cfu by 
the semiquantitative culture, and all but one had more than 100 colonies. Although the 
negative predictive values were high (99% and 93% for thresholds of 15 and 100 
colonies, respectively), the positive predictive values remained limited (46% and 56%, 
respectively). Finally, similar findings were reported by Rello et al. in critically ill 
patients, using thresholds of 15 and 50 colonies (21). Although sensitivity, negative 
predictive value, and even (to a lesser degree) specificity proved to be  

Table 2 Methods of Catheter-Tip Culture 

Semiquantitative catheter-tip culture methoda 
At the time of catheter removal, any antimicrobial ointment or blood present on the skin around the 
catheter should be removed. The catheter is withdrawn with sterile forceps, the externalized portion 
being kept directed upward and away from the skin surface. For short peripheral catheters, the 
entire length is aseptically amputated and cultured. For longer catheters, the distal 5- to 7-cm 
catheter segment is sectioned and cultured. Catheter segments are transported to the laboratory in a 
sterile tube. In the laboratory, the catheter-tip segment is transferred to the surface of a 10-cm, 5% 
sheep-blood agar plate for semi-quantitative culturing. While downward pressure is exerted with a 
flamed forceps, the catheter is rolled back and forth across the surface at least four times. Plates are 
subsequently incubated at 37°C. All colony types appearing on the plate are enumerated, and all 
organisms recovered are fully identified.  
Quantitative tip-flush culture techniqueb 
The intradermal segment is separated from the intravascular catheter segment. A needle is inserted 
into the proximal end of the intravascular segment, which is immersed in 2 ml or 10 ml of 
trypticase soy broth, depending on the size of the insert, and flushed three times. The broth is 
serially diluted 100-fold, and 0.1 ml of the dilution is streaked onto blood agar. After incubation, 
the number of cfu is calculated by multiplying the number of colonies by 10 times the dilution 
factor, and dividing by the volume of broth in which the insert has been immersed.  
Quantitative culture technique after catheter vortexingc 
After removal, the distal 5- to 6-cm catheter segment is sectioned in a sterile tube. One milliliter of 
sterile water is dripped onto the catheter and the tube is vortexed for 1 min, then 0.1 ml of the 
suspension is sampled and plated over a 5% horse-blood agar plate. The plate is incubated at 37°C 
and examined daily for 5 days. All colony types are identified by colony morphology, Gram stain, 
and standard microbiologic techniques. The colonies are enumerated, and the counts are corrected 
for the initial 1/10 dilution.  
Quantitative culture technique after catheter ultrasonicationd 
After removal, the catheter tip is placed in 10 ml of tryptic soy broth, sonicated for 1 min (55 000 
Hz, 125 W), and then vortexed for 15 s. A 0.1-ml sample of the broth is added to either 0.9 ml 
(1:10 dilution) or 9.9 ml (1:100 dilution) of saline and vortexed. Then, 0.1 ml of these dilutions and 
0.1 ml of the sonicated broth are surface-plated, using a wire loop on blood agar.  
aFrom Ref. 11. 
bFrom Ref. 24. 
cFrom Ref. 17. 
dFrom Ref. 25. 
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Table 3 Catheter-Tip Culture Methods 

  
No. Setting Method CVC/periph 

CRIs 
(%) 

Mean duration 
of placement 

Threshold 
(cfu/ml) 

Maki (11) 250 All 
hosp. 

Roll plate CVC 33 
periph 217 

10 3 days 15 

Brun-
Buisson 
(17) 

331 ICU Vortexing CVC only 11 5 days 1,000 

Sherertz 
(25) 

1,681 All 
hosp. 

Sonication CVC+periph 12 ND 100 

No.: number of catheters studied. 
ICU: intensive care unit. 
CVC: central venous catheter. 
periph: peripheral catheter. 
CRI: catheter-related infection. 
cfu/ml: colony-forming units per milliliter. 

satisfactory, the positive predictive values were less than 50%, whatever the threshold 
chosen. 

Interestingly, the results of 197 CVC semiquantitative tip cultures plated at the bedside 
were compared with those cultured in the laboratory, to determine if bedside plating 
provides a better yield (22). The last 6 cm of each catheter was divided into two 3-cm 
subsegments—a distal segment (including the tip), and one just proximal to that. Each 
segment was plated either at the bedside or in the laboratory during the first period, and 
alternately during the second half of the study. Among 31 positive tip cultures, only 10 
were simultaneously positive at the bedside and in the laboratory. Cultures were 
exclusively positive in 18 cases at the bedside, whereas laboratory plating resulted in only 
three positive cases. This finding suggests that cultures plated at bedside could be more 
sensitive than roll plate cultures performed in the laboratory. This result supports the 
premise that the delay associated with routine laboratory culture of the catheter tips may 
result in loss of viable organisms. As suggested by Cooper and Hopkins (23) and 
Collignon et al. (19), it is conceivable that organisms, such as Candida sp., that thrive in 
moist environments may not survive for a prolonged period on dry plastic surfaces. 

Despite these concerns, the semiquantitative culture technique is considered to be easy 
and fast, and it remains the most common method used world-wide in microbiology 
laboratories. However, physicians should be aware of the limitations of this catheter-tip 
culture technique. 

Quantitative Catheter-Tip Culture Techniques 

Conversely to the roll plate method, the first quantitative culture technique proposed by 
Cleri et al. explored only the internal part of the CVC (24). Using a tip-flush technique 
with a threshold of positivity of 103 cfu/ml, a good correlation with catheter-related 
bacteremia was shown. In the aforementioned study by Kristinsson et al. (20), a positive 
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culture from the inside of the catheter, using the tip-flush technique, was one of the best 
predictors of infection, although a false negative was recorded in a patient with CR-BSI. 

However, flushing the inside of the catheter segment may be difficult sometimes. The 
method is cumbersome and is therefore not routinely performed in microbiological 
laboratories. Therefore, the quantitative culture technique has been simplified for routine 
clinical practice, using catheter vortexing in sterile water (17). This catheter-tip culture 
technique by BrunBuisson et al. is described in Table 2. A threshold of 103 cfu/ml 
correlated with signs of systemic infection (fever, chills, hypotension or septic shock), 
with or without catheter-associated bacteremia, and exhibited high specificity (88%) and 
sensitivity (97.5%) in critically ill patients with CVC in place for several days (Table 3). 
Both the external and the internal surface of the catheter are explored by this technique. 

Another technique for quantitative catheter-tip culture, using ultrasonication to 
dislodge bacteria adherent to the catheter, gave similar results (25) (Table 2). The 
sonication method allows quantitation of the number of cfu removed from a catheter for 
levels between 102 and 107 cfu. For catheter cultures in which ≥102 cfu grew, the risk of 
positive blood cultures for the same organism was correlated to the number of organisms 
recovered from the catheter (Table 3). Similar to the method described by Brun-Buisson 
et al. (17), both the external surface and the internal lumen of the catheter were explored. 
Disadvantages of the method include the need for additional equipment and the difficulty 
of standardizing the ultrasound. In addition, a high energy level of ultrasound waves may 
kill gram-negative bacteria and decrease the sensitivity of the test. 

Culture of the Subcutaneous Catheter Segment 

The culture of the subcutaneous catheter segment, in addition to the catheter-tip culture, 
was first studied by Maki et al. (11). When CVCs were removed, a 5- to 7-cm proximal 
segment, beginning several centimeters inside the skin-catheter interface, was cultured. In 
all cases with positive semiquantitative culture, the segment that had traversed the 
intracutaneous wound showed notably heavier growth than the tip. However, the 
relevance of this additional culture remained unclear. 

Among 101 catheters in place for an average of ten days in medical-surgical patients 
(including patients with burns), no significant difference was noted between the cultures 
of transcutaneous catheter segments and those of the tip segments by either broth or roll 
plate techniques, although subcutaneous segments were colonized slightly more often (4). 

In a more recent clinical trial, several culture techniques (sonication and roll plate 
methods for tip and subcutaneous segments, and flush cultures of all lumens of triple-
lumen catheters) were compared (26). To define significant catheter colonization, a 
composite index (any of the seven types of cultures meeting quantitative criteria)* was 
used. Sonication of the subcutaneous segment was the most sensitive method of detecting 
colonization (58%), followed by sonication of the catheter tip (53%). 

However, in an analysis using data derived from two prospective, randomized studies, 
the quantitative culture of the subcutaneous catheter segment did not add to the 
diagnostic yield of catheter-tip cultures, nor aid in identifying CR-BSIs (27). Therefore, it 
can be concluded that culturing the subcutaneous segment of the catheter is not indicated 
in clinical practice. 

Catheter-related infections     42



In situ semiquantitative cultures of the subcutaneous segment (without catheter 
removal) have also been proposed (28) (see section on “Culture of the Exit Site and Hub 
of the Catheter”). 

Distinctive Features for Diagnosis in Ports and Pulmonary Artery 
Catheters 

The diagnosis of CRI may be slightly more complex with some types of intravascular 
devices, such as totally implanted access ports or pulmonary artery catheters. The issue 
will be addressed in detail in Chapters 14 and 15, respectively. 

Briefly, besides the intravascular portion of the catheter, the reservoir of totally 
implanted access ports constitutes an additional source of infection (29). The 
accumulation of infected clots under the silicone septum of the reservoir of venous access 
ports could be the source of bloodstream infections, even without catheter-tip 
colonization. Douard et al. investigated prospectively all the ports removed over a 16-
month period, assessing the accuracy of quantitative cultures of the tip and septum (i.e., 
the internal part of the venous access port). In this setting, the tip culture was only 46% 
sensitive, whereas septum culture was 93% sensitive for confirming CRI (29). Thus, 
when a venous access port is removed because of suspected CRI, the catheter tip and the 
port itself should both be cultured. The presence of deposits of fibrin containing clusters 
of bacteria inside the reservoir of the port may explain the limited efficacy of antibiotic-
lock techniques in the treatment of venous access port-related bacteremia (30). 

Diagnostic criteria for pulmonary artery CRIs are somewhat complex as well. The 
need to culture the distal segments of both the pulmonary artery catheter and the 
indwelling introducer in order to diagnose pulmonary artery CRIs has been underlined. 
Valles et al. showed that the yield of catheter-tip  

* Composite index for diagnosis of catheter colonization: ≥15 colony-forming units (cfu) by the 
roll-plate method (either for tip segment [method 1] or subcutaneous segment [2]); ≥100 cfu by 
sonication (either for tip segment [3] or subcutaneous segment [4]); or ≥100 cfu by flush culture or 
a ratio of catheter lumen blood cfu to peripheral lumen blood cfu of ≥5 (for either the proximal [5], 
middle [6], or distal [7] lumen of the catheter). 

cultures increased from 68%, when only the Swan-Ganz catheter was cultured, to 91% 
when both the Swan-Ganz catheter and the introducer tips were cultured (31). Recently, 
we reported that introducer and Swan-Ganz catheter colonizations were dissociated (only 
one of the devices was colonized) in six of seven episodes of CRI (32). Introducers were 
mainly colonized within the first five days, whereas Swan-Ganz catheter colonization 
occurred later (usually after the fifth day), suggesting that contamination of introducers 
and pulmonary artery catheters could be caused either by early extraluminal colonization 
originating from the skin or by the introduction of bacteria via the endoluminal route, due 
to repeated manipulations. 
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Comparison of Catheter Culture Techniques. Methodological 
Comment 

Quantitative or semiquantitative cultures of catheters are recommended by the Guidelines 
for the Management of Intravascular CRI (1), whereas qualitative broth cultures, which 
have high sensitivity but very poor specificity, are not recommended. 

The different mechanisms of colonization of the intravascular part of the catheter may 
explain the discrepancy between the catheter-tip culture techniques. As previously 
mentioned, the extraluminal route predominates for short-term catheters, whereas 
endoluminal contamination is most frequent in cases of prolonged catheterization (6). 
The optimal technique for determining that the catheter is the source of BSI should be 
independent of the duration of placement and the route (extra- or intraluminal) of 
colonization. 

Furthermore, the selection and the interpretation of diagnostic tests affect the 
information they provide. The values of sensitivity and specificity are dependent on the 
definition used for the diagnosis of CR-BSI, which may result in potential incorporation 
bias (33). Receiver operating characteristic (ROC) analysis* has been used for selecting 
among several alternative diagnostic tests and for selecting optimal cutoff values for a 
positive result. ROC analysis provides an effective way to determine which of many 
different tests proposed for the diagnosis of CR-BSI offers the best overall performance 
(33). In a meta-analysis focusing on the diagnostic tools for CRI (34), ROC analysis 
showed that the diagnostic accuracy of various culture techniques  

* Receiver operating characteristic (ROC) analysis is performed to distinguish variation in the 
decision threshold from actual differences in accuracy. The results of studies evaluating a specific 
test method are plotted as true positive rates (sensitivity) against false positive rates (1—specificity) 
in an ROC space. In these plots, a single point represents the two estimated parameters (sensitivity 
and specificity) from each study. Sensitivity and specificity are calculated according to variations 
of cutoff values. (Sensitivity and specificity depend on the cutoff value used to define a positive 
test; e.g., a stricter cutoff will increase specificity but decrease sensitivity.) The overall accuracy of 
a test is conveyed by the areas under the ROC curve, and the areas under the ROC curves generated 
for each method may be compared (33,35). 

increased with better quantitation (i.e., quantitative > semiquantitative > qualitative 
methods). Quantitative CVC-tip cultures had the highest pooled sensitivity and 
specificity (>90%) when compared with semiquantitative or qualitative (broth) cultures 
(34). 

In a recent study, Kite et al. reported that the specificity of the tip roll method (55%) 
was lower than the specificity of tip flush (76%) and endoluminal brush (98%) 
techniques, whereas the sensitivity of all methods was greater than 90% (35). When 
several culture techniques were compared for the diagnosis of triple-lumen CRI, 
sonication of the catheter tip (a quantitative culture technique) was 20% more sensitive 
than the roll plate method (26). The greater sensitivity of the sonication method was 
attributed to its greater ability to detect catheter lumen colonization, compared to the roll 
plate method (82% versus 57%, respectively). Therefore, the vortexing or ultrasonication 
methods proposed for quantitative catheter-tip culture (17, 25), which take into account 
the external and internal surfaces of the device, appear to be the most appropriate for the 
diagnosis of CRI, whatever the route of colonization and the duration of placement. 
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Finally, in the light of quantitative catheter-tip culture results, the following definitions 
may be proposed for contamination, colonization, and infection of a CVC. Contamination 
corresponds to a catheter-tip culture under the threshold of the method used (e.g., <103 
cfu/ml using the vortexing technique), without any clinical sign of infection. Colonization 
of the catheter may be defined by a positive catheter-tip culture (e.g., ≥103 cfu/ml using 
the vortexing technique), without any clinical sign of infection. Local and systemic 
infections are defined by a positive catheter-tip culture in a patient with clinical local or 
systemic signs of infection. In fact, there is probably a continuum between 
contamination, colonization, and eventual infection (17): Contaminated catheters with 
intermediate (i.e., 102 to 103 cfu/ml) bacterial concentrations growing from them may 
cause silent infection and eventually lead to overt clinical sepsis if they remain 
intravascular for longer periods (17). 

In summary, qualitative broth cultures, which have high sensitivity but very poor 
specificity, are not recommended. Semiquantitative roll plate cultures, which explore 
only the external surface of the catheter, are highly sensitive but lack specificity. 
Quantitative catheter-tip cultures using vortexing or sonication, which explore either 
internal and external surfaces of the catheter, have the highest pooled sensitivity and 
specificity (>90%) when compared with semiquantitative or broth cultures. Quantitative 
cultures are equally effective in short-and long-term catheterizations. 

GUIDEWIRE EXCHANGE 

Guidewire exchange of CVCs suspected of CRI has been proposed as a compromise 
solution between diagnostic techniques with and without removal of the catheter. If the 
first catheter is found to be significantly colonized, the second catheter is removed and a 
new line inserted on a new site (9). Considering that in about 80% of suspected CRI, the 
catheter is not the source of infection, guidewire exchange could prevent many of the 
noninfectious complications associated with puncture of a new site. 

Guidewire exchange has been proposed as a reasonable step in the early management 
of patients on total parenteral nutrition (36). In such a setting, Bonadimani et al. reported 
that guidewire replacement was successful in treating 91.6% of patients with suspected 
CRI (37). The design of the study did not allow definite conclusions. 

In fact, the value and safety of guidewire exchange in cases where CRI is suspected 
remain highly controversial. Several complications or contraindications are attributed to 
guidewire exchanges. Although this technique is associated with fewer mechanical 
complications and less discomfort than new-site replacement, the guidewire exchange 
could be linked to a greater (although nonsignificant) risk of CRI (38, 39). If guidewire 
exchange is used, meticulous aseptic technique is necessary (39), and the method may be 
proposed only in the absence of clinical signs of local inflammation. Obviously, a 
purulent discharge at the insertion site precludes guidewire exchange of the catheter. 
Recently, the CDC Guidelines for the Prevention of Intravascular Catheter-Related 
Infections took a more stringent position on guidewire exchanges (40): “Replacement of 
temporary catheters over a guidewire in the presence of bacteremia is not an acceptable 
replacement strategy, because the source of infection is usually colonization of the skin 
tract from the insertion site to the vein.” 
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Other experts consider this position somewhat excessive. In particular, the recent 
revision of the XIIth Consensus Conference on Intravascular Catheter-Related Infections 
of the French Society of Critical Care (41) considered guidewire exchange to be 
acceptable in case of low suspicion of CRI, in patients with strictly stable conditions 
without clinical signs of local inflammation. Only in this setting can such a standpoint be 
considered reasonable, considering that more than 75% of CVCs that are removed 
because of suspicion of CRI are removed unnecessarily (2). 

In summary, guidewire exchange of catheters suspected of CRI may prevent many of 
the noninfectious complications associated with puncture of a new site, but at the expense 
of a possibly greater risk of CRI. Guidewire exchange should not be performed in 
patients with bacteremia and high risk of CRI. In special situations, guidewire exchange 
could be proposed in stable patients with low suspicion of CRI and without skin 
inflammation or purulence. 

DIAGNOSIS OF CRI WITHOUT CATHETER REMOVAL 

Whatever the type of catheter-tip culture technique, the limitation of all these techniques 
is that the diagnosis is always retrospective. Only about 15 to 25% of CVCs removed 
because of suspicion of infection actually prove to be infected after quantitative catheter-
tip cultures (2, 14). In an observational study, the rate of colonized CVCs was similar 
whatever the indication for catheter removal (sepsis, CVC no longer needed, or death) 
(10). This finding underlines the lack of specificity of clinical suspicion of CRI. 

In addition, Widmer et al. showed that the clinical impact of culturing CVCs on the 
treatment of critically ill patients was limited (16). In 96% of the episodes leading to 
removal of the catheter, no clinical impact was observed, whereas in the remaining 4%, 
clinical decisions were guided mainly by the concurrent positive blood cultures. In this 
striking and slightly provocative study, the authors stated that newer laboratory 
techniques that do not require removal of the catheter were needed to guide therapeutic 
decisions. 

For all these reasons, diagnostic techniques have been proposed to establish the 
diagnosis of CRI in situ, avoiding unjustified removal of the catheter and the potential 
risks associated with placement of a new catheter at a new site. 

If a short peripheral catheter is suspected to be infected, it should be immediately 
removed and cultured, considering that peripheral catheters are intended to be used for 
only a few days (1). On the other hand, it may be desirable to establish the diagnosis and 
eventually treat the infection without removing the CVC, assuming that the clinical 
situation is not life-threatening and the catheter is still needed. This is especially the case 
in infections with less-virulent organisms such as coagulase-negative staphylococci. 
Indeed, severe sepsis or deep local infections (tunnel or pocket infection, 
thrombophlebitis) are indications for immediate removal of the suspected CVCs. In other 
settings, several diagnostic tests without removal of the intravascular device have been 
proposed. 
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Culture of the Exit Site and Hub of the Catheter 

Culture of skin and the exit site of the catheter, or cultures of the hub, have high 
sensitivity and a high negative predictive value; they are, therefore, mainly destined to 
rule out the diagnosis of CRI (8). 

Cultures of the catheter entry site reflect mainly the extraluminal contamination way, 
which predominates for short-term catheters. The basic method and some variants are 
described in Table 4. This diagnostic technique was first proposed by Bjornson et al. in 
1982 in patients receiving total parenteral nutrition (42) (Table 5). In this study, the 
growth of more than 1000 organisms at the catheter site was significantly associated with 
CRI. 

Guidet et al. studied the value of quantitative skin culture using a threshold of 15 cfu 
(43). The method was considered to be useful for assessing catheter colonization in 
critically ill patients, whatever the reason for CVC removal (suspicion of CRI or not). 
The skin culture was always positive in case  

Table 4 Methods of Skin and Hub Cultures 

Culture of the skin at the catheter insertion sitea 

Cutaneous specimens may be obtained with a dry or a moistened swab, after removal of the 
dressing. No antiseptic agent is needed. The cotton swab may be moistened with 0.01 M phosphate-
buffered saline (PBS), using the blister of the device. The swab may then be rubbed on the skin in 
two perpendicular directions on a predefined area surrounding the insertion point of the catheter 
(e.g, 2×2 cm, or 6×4 cm; a template may be used). Other authors propose to swab the sterile cotton 
applicator from top to bottom in 10 back-and-forth strokes, in the predefined area, followed by a 
second set of 10 back-and-forth strokes at right angles to the first. The cotton swab is then pulled 
back into the protective tube, which contains 1.0 ml of PBS, and vortexed for 90 seconds. In the 
Culturette® system, 0.5 ml of a Stuart medium are used. Finally, a 0.1-ml sample of this solution 
(and eventually a 1:100 dilution of this solution) is plated on blood agar, and colonies are counted 
after incubation for 24 and 48 hours at 35°C. 

Culture of the catheter hubb 

The catheter is clamped in order to avoid any blood contamination, and the luer lock is removed 
aseptically. After cleaning the outside of the hub with a disinfectant, the inner hub sample is taken 
using a swab that is introduced into the hub and rubbed repeatedly against its interior surface. The 
swab is then streaked onto an agar plate for semiquantitative culture. 
aFrom Refs. 8, 43, 44, 47. 
bFrom Refs. 7, 8, 43, 48. 

of catheter colonization and always negative in the absence of catheter colonization. In 
patients with total parenteral nutrition, Armstrong et al. showed that CRI was associated 
with site colonization by 50 or more cfu of an organism other than coagulase-negative 
staphylococci (12). In addition, CRI was present if signs of inflammation were present in 
combination with site colonization by 50 or more cfu of coagulase-negative 
staphylococci. Finally, Mahé et al. found that sensitivity, specificity, and positive and 
negative predictive values of skin culture for detection of CVC colonization in ICU 
patients were 92.3%, 52.7%, 32%, and 96.7%, respectively (44). In this study, the relative 
risk of CVC colonization when skin culture was positive was 9.44 (p<0.0001). 
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Conversely, in patients on total parenteral nutrition, Sitges-Serra et al. showed, as 
expected, that skin cultures were not sensitive in diagnosing CRI during an outbreak due 
to coagulase-negative staphylococci (45). 

The value of surveillance skin cultures, without suspicion of CRI, has been assessed 
by Snydman et al. in patients with tunneled catheters (46). The sensitivity for diagnosing 
a catheter-tip colonization was 95%, the specificity was 76%, the positive predictive 
value was 61%, and the negative predictive value was 98%. All these values increased to 
100%, 84%, 67%, and 100%, respectively, when only the skin cultures obtained during 
the week before  

Table 5 Hub and Skin Exit-Site Culture Methods 

  
Skin/Hub No. Setting 

Suspicion of CRI/No 
suspicion CVC/peri.

CRIs 
(%) 

Snydman (56) Skin 59 TPN No CVC 24 

Bjornson (42) Skin 74 TPN   CVC 26 

Cercenado (8) Skin+Hub 139 All 
hosp. 

Yes 79/No 60 CVC 95 38 

          Peri 44   

Armstrong 
(12) 

Skin 152 TPN   CVC 13 

Guidet (43) Skin 50 ICU Yes 20/No 30 cvc 20 

Guidet (43) Hub 50 ICU Yes 20/No 30 cvc 20 

Raad (47) Skin 132 Cancer Yes 15/No 132 cvc 20 

Mahé (44) Skin 134 ICU Yes 60/No 74 cvc   

Segura (50) Skin+Hub 41 TPN Yes cvc 32 

No.: number of catheters studied. 
ICU: intensive care unit. 
TPN: total parenteral nutrition. 
CVC: central venous catheter. 
peri: peripheral catheter. 
CRI: catheter-related infection. 
cfu: colony forming units. 
T=targeted, S=surveillance cultures. 
* criterion: catheter-related bacteremia. 
Se: sensitivity. 
Sp: specificity. 
NPV: negative predictive value. 
PPV: positive predictive value. 

removal of the catheter were considered. These encouraging results may be explained in 
part by the short duration of catheterization in the study (<30 days). Raad et al. compared 
the values of targeted (usually when CRI is suspected) and surveillance skin cultures 
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(done routinely 1 and 3 months after insertion of the CVC) in 132 cancer patients with 
long-term CVCs (47). Targeted skin cultures were associated with a sensitivity of 75%, 
specificity of 100%, positive predictive value of 100%, and negative predictive value of 
92%. Conversely, surveillance skin cultures had sensitivity and positive predictive values 
of only 18% and 25%, respectively. The results of only two of the 87 initial surveillance 
skin cultures were positively concordant with results of subsequent quantitative catheter 
cultures or skin cultures at 3 months after CVC insertion. Similarly, Fan et al. reported in 
1988 that the sensitivity of twice-weekly surveillance skin culture was only 38% in 
patients with CVCs used for total parenteral nutrition (48). Therefore, unlike targeted 
quantitative skin cultures (when CRI is suspected), surveillance skin cultures have low 
sensitivity and positive predictive values (49). 
Diagnostic 
criterion 

Mean duration of 
placement 

Threshold 
(cfu) 

Se 
(%) 

Sp 
(%) 

NPV 
(%) 

PPV 
(%) 

Roll plate 20 days >0/?cm2 95 76 98 61 

Roll plate  103/25 cm2 68 91 91 68 

Vortexing 15 (1–21) d 15/10 cm2 T:97 T:68 T:99 T:34 

  5 (1–15) d    All:96 All:66 

Roll plate  50/5 cm2 45 94 92 53 

Vortexing 7 days 15/9 cm2 100  100   

Vortexing 7 days >0 45     

Roll 
plate+Sonication 

>3 months 103/24 cm2 T:75 T: 100 T:92 T:100 

    S:18 S:92 S:93 S:25 

Vortexing 10 days 15/25 cm2 92 52 96 32 

Roll plate 22 days >0   96* 100* 

In these studies, the choice of the diagnostic criterion of CRI may have influenced the 
accuracy of the diagnostic method evaluated. In particular, using the semiquantitative roll 
plate culture, which explores only the external surface of the catheter, may induce a bias 
in favor of skin cultures, which also explore the extraluminal pathway of colonization 
(12). The population studied (ICU patients with short-term catheters, or cancer patients 
with long-term CVCs) is an important factor influencing the results of these studies. In 
addition, conflicting results may be in part explained by differences in the methods. 
Bjornson et al., Raad et al., and Mahé et al., cultured a 24- to 25-cm2 area around the 
insertion site (42, 44, 47), whereas Cercenado et al. and Guidet et al. cultured a 9- to 10-
cm2 area (8, 43). In the study by Armstrong et al., a small area of skin approximately 2.5 
cm in diameter was cultured (12). Skin samples have been obtained by rubbing dry (8, 
12) or premoistened (42, 44, 47) swabs over the area surrounding the point of insertion of 
the catheter. Premoistened skin swabs, using the Culturette® system, have also been 
performed. Finally, thresholds of positivity ranging from 15 (43) to 1000 cfu (42, 47) 
have been used in these different studies. 
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Cultures of the hub of the catheter (Table 4) reflect mainly the endoluminal 
contamination route, which predominates for long-term catheters such as those used in 
cancer patients and could be more useful than skin cultures in this subset of patients (7). 
In an aforementioned study (43), Guidet et al. assessed the diagnostic value of 50 CVC 
hub cultures in critically ill patients, with a median duration of catheterization of 7 days 
(Table 5). The contribution of the catheter hub culture alone was minimal, since there 
was no case of catheter colonization with negative skin cultures and positive hub cultures, 
suggesting that the main route of catheter colonization was via the skin in this subset of 
patients. Similar findings were reported by Fortun et al. in 124 patients with nontunneled 
short-term CVCs (28): The sensitivity of hub and skin cultures analyzed individually was 
less than 62%. Conversely, when Raad et al. studied the value of skin cultures in cancer 
patients with long-term CVCs, the only false-negative result of the quantitative skin 
culture had been diagnosed by hub culture (47). Similarly, in patients on total parenteral 
nutrition, Sitges-Serra et al. showed that an infected hub was associated with an infected 
tip in 15 of 17 episodes of CRI due to coagulase-negative staphylococci (45). 

Interestingly, in rare cases, authentic hub-related bacteremias (with negative catheter-
tip cultures) may be observed. Douard et al. reported that 16 of 58 episodes of bacteremia 
were diagnosed by positive hub culture, whereas the tip cultures remained negative (49). 
The authors concluded that CVC-tip culture should be associated with hub cultures. 

As reported for surveillance skin cultures, Fan et al. reported that the sensitivity of 
daily surveillance catheter hub culture was only 34.5% in 142 patients with parenteral 
nutrition (48). When either the hub or the skin culture result was considered as an 
indication of CRI, the sensitivity increased to 79.3%. The positive and the negative 
predictive values of the combined result were 44.2% and 93.3%, respectively. 

Segura et al. investigated the predictive value for CR-BSI of hub and skin cultures in 
patients on total parenteral nutrition managed without removal of the central line (50) 
(Table 5). A conservative strategy, based on the results of superficial cultures, was 
compared with immediate removal of the catheter in patients with suspected CRI. The 
negative predictive value of combined skin and hub cultures was 96%. A positive hub 
culture had a 100% positive predictive value for CR-BSI. Only 1 out of 41 catheters was 
removed unnecessarily using the conservative strategy, compared with 7 out 18 catheters 
in the group with immediate withdrawal (51). Similarly, Cercenado et al. studied the 
value of combined skin and hub (“superficial”) cultures in 139 intravascular (long central 
and short peripheral) catheters, in a mixed population of inpatients located in different 
hospital wards (8). The predictive value of positive superficial cultures in the diagnosis of 
CRI was 66.2%, and that of negative cultures was 96.7%. In the aforementioned study by 
Fortun et al. (28), the sensitivity of the combined skin and hub cultures increased to 
86.2%. Therefore, in patients with suspected CRI but with negative superficial cultures, 
the possibility of CRI may reasonably be ruled out (8,28,48). 

In addition, in this latter study, the value of in situ semiquantitative culture of the 
subcutaneous segment (after removing the catheter only 2 cm) was studied (28). 
Although the sensitivity was similar, the specificity and the positive predictive value of 
subcutaneous segment cultures were significantly higher (94% and 88.5%, respectively) 
than skin and hub cultures. Sensitivity of the combined subcutaneous segment and hub 
cultures and of the combined skin and hub cultures were similar (84.3% and 86.2%, 
respectively); the specificity of the latter combination was higher than the former (82% 
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versus 59.7%). However, despite these encouraging results, the actual value of the in situ 
semiquantitative culture of the subcutaneous segment is not clearly defined. 

Finally, the limitation of skin and hub cultures is that both of these techniques 
generally exhibit a poor specificity (8, 42). In addition, by definition, skin and hub 
cultures cannot be proposed for patients with totally implanted ports. Gram staining of 
skin and hub swabs could be helpful for early diagnosis of CRI (51) (see section on 
“Gram Staining of Pericatheter Skin and Hub”). 

In summary, targeted skin cultures are very useful in ruling out the diagnosis when the 
culture is negative (high negative predictive value), mainly in patients with short-term 
catheters, such as critically ill patients. The optimal threshold of positivity of quantitative 
skin cultures remains to be determined (between 15 and 1000 cfu). Conversely, unlike 
targeted quantitative skin cultures (when CRI is suspected), surveillance skin cultures 
have a low sensitivity. In patients with long-term CVC, such as patients with cancer or 
total parenteral nutrition, hub cultures exhibit a high sensitivity (but poor specificity), and 
could be more useful in ruling out the diagnosis in this setting. Although surveillance hub 
culture is poorly sensitive, combined skin and hub cultures could be more useful. 
However, the actual place of hub cultures in the routine, and their safety, remain to be 
determined. 

Central Quantitative Blood Cultures 

Quantitative blood cultures drawn from the CVC (hub-blood cultures) involve measuring 
the number of microorganisms present in blood drawn through the hub of the CVC while 
the catheter is in position. When a bacteremia is linked to a CRI, the number of 
microorganisms retrieved by the hub-blood culture is high, due to a purging effect of the 
infected lumen of the catheter. Several methods are available for quantitative blood 
cultures: pour plate cultures, lysis-centrifugation technique, and direct inoculation onto 
agar media (Table 6). The lysis-centrifugation technique has proven to be effective in the 
rapid isolation of organisms from mixed cultures and is more sensitive than standard 
broth culture in detecting low levels of bacte- 

Table 6 Methods of Paired and Unpaired 
Quantitative Blood Cultures 

Pour plate culturesa 
The connection of the CVC and the venous line are externally disinfected. A sample of 5 ml of 
blood is drawn into a heparinized disposable syringe through the hub of the catheter. The syringe is 
immediately brought to the microbiology laboratory. One milliliter of blood is mixed with 10 to 20 
ml of molten liquid tryptic soy/Mueller-Hinton agar at 45/46°C, poured into a sterile petri dish, 
allowed to solidify, and incubated for 48 h at 37°C, and the colonies are counted. When paired 
quantitative blood cultures are performed, the same volume of blood is obtained from a peripheral 
vein, immediately after (or before) the hub-blood culture, by standard venipuncture and placed in a 
heparinized tube. 
Lysis-centrifugation technique (Isolator, DuPont Co)b 
Blood is inoculated into tubes with saponin, a cell-lysing agent. The content of the tube is mixed 
with a Vortex, and the tube is centrifuged. The supernatant (lysate) is removed with a syringe, and 
the concentrate is then inoculated onto agar plates. Plates are examined after overnight incubation, 
and the number of cfu is determined. 
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Direct inoculation of blood on agar mediac 
Blood is inoculated directly onto agar plates. The blood is dispersed over the agar by gentle 
rotation. Plates are incubated for 48 h at 37°C, and colonies are counted. Mixing the blood with 
molten agar is not necessary with this method. 
aFrom Refs. 46, 55. 
bFrom Ref. 62. 
cFrom Ref 60. 

remias caused by species of Enterobacteriaceae and yeasts, although contaminants are 
more frequent than in broth cultures (52, 53). In addition, Isolator® 1.5-ml microbial 
tubes are useful in the neonatal intensive care unit because they are designed for small 
volumes of blood (0.5 to 1.5 ml) (54). Finally, the technique eliminates the need to 
perform bedside inoculations and obviates the need for immediate transfer of the blood to 
the laboratory. However, the lysis-centrifugation technique is more expensive than the 
simple pour plate technique.  

Quantitative blood cultures, drawn solely from the catheter, have been tested in 
several studies (4, 55, 56) (Table 7a). Among 100 courses of total  

Table 7a Quantitative Central Blood Culture 
Methods 

  
No. Setting

CRIs 
(%) 

Culture 
method 

Mean duration 
of placement 

Threshold 
(cfu) 

Se 
(%) 

Sp 
(%) 

Moyer (4) 67 All 
hosp

27 Pour plate 10 days >25 80 100 

Snydman 
(46) 

100 TPN 12 Pour plate 14 days >15 42 92 

Capdevila 
(57) 

107 All 
hosp

20 Pour plate 19 days >100 82 100 

Andremont 
(55) 

205 Cancer 29 Pour plate   >1000 20 99 

parenteral nutrition in 69 patients, the results of pour plate cultures of blood obtained 
from central lines and cultures of intravascular segments did not correlate. Nevertheless, 
the pathogen was isolated from the pour plate prior to the positive blood culture results 
and the removal of the line segment in three courses with CRI (56). Among 67 catheters 
in place for an average of 10 days, Moyer et al. showed that quantitative blood cultures 
drawn through the catheter, using the pour plate technique with a threshold of 25 
colonies, had a high positive predictive value for the diagnosis of CRI. (4). Using a cutoff 
value of >100 cfu/ml with the pour plate technique, the sensitivity and specificity of an 
isolated quantitative catheter blood culture were 82% and 100%, respectively, in 64 
patients with catheters remaining in situ for a mean of 19 (3 to 65) days (57). 

In 179 cancer patients, the microbial concentrations in samples of blood collected via 
the hubs of 205 CVCs were determined using a pour plate technique (55). The 
semiquantitative measurement of the number of microorganisms present in blood drawn 
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through the catheter (using a threshold of 103 cfu/ml) had a specificity of 99%, but a 
sensitivity of only 20% for catheter-tip colonization. The decrease of the threshold to 102 
or 10 cfu/ml reduced the specificity of the method significantly. Quantitative central 
blood cultures are characterized by a high specificity and a high positive predictive value, 
allowing affirmation of the diagnosis of CRI in case of positivity. 

As reported in several studies, antibiotic treatment did not affect the results of 
quantitative blood cultures for assessing CRI (4, 55, 57). 

Paired Central and Peripheral Quantitative Blood Cultures 

The sensitivity of hub-blood culture is increased when a simultaneous blood culture is 
drawn from a peripheral vein. The comparison of the microbial count between hub and 
peripheral blood cultures shows an overload of bacteria in the central blood culture, 
compared to the peripheral blood culture, when a CRI is present. Conversely, when the 
bloodstream infection is not related to a CRI, the microbial counts are similar. In 1979, 
Wing et al. first used differential quantitative blood cultures in a patient who had a 
permanent indwelling hyperalimentation catheter, with suspected bacteremic CRI (58). 
Blood drawn from the peripheral vein had 25 colonies per ml, whereas blood drawn 
through the hub had more than 10,000 colonies per ml. When the CVC was removed, the 
catheter tip was found to be infected with the same organisms that were present in the 
blood. 

The value of differential quantitative blood cultures has been assessed in several 
studies (Table 7b). When quantitative blood cultures are drawn simultaneously from the 
catheter and a peripheral vein, a significant differential colony count of 4:1 to 10:1 for the 
CVC versus the peripheral vein culture is indicative of CRI (49, 57, 59, 60), although 
some discrepancies between differential quantitative blood cultures and semiquantitative 
catheter cultures have been reported (61). 

Table 7b Paired Quantitative Central Blood Culture 
Methods 

  
No. Setting 

CRIs 
(%) 

Culture 
method 

Threshold 
(ratio) 

Se 
(%) 

Sp 
(%) 

Raucher (60) 28 Children 25 Direct 
inoculation

10:1 100 100 

Capdevila 
(57) 

107 All hosp. 20 Pour plate 4:1 94 100 

Paya (61) 44 All hosp.   Isolator +30 cfu 47 73 

Flynn (53) 13 Cancer+ TPN 61 Isolator 1.5 5:1   100 

Fan (63) 24 TPN 37 Pour plate 7:1 78 100 

Douard (62) 58 Bacteremic 
adults

(all) Isolator 1.5 3:1 83 100 

Quilici (64) 283 ICU 19 Pour plate 8:1 93 99 
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No.: number of catheters studied. 

ICU: intensive care unit. 

TPN: total parenteral nutrition. 

CRI: catheter-related infection. 

cfu: colony-forming units. 

Se: sensitivity. 

Sp: specificity. 

In an animal experiment, Flynn et al. showed that the difference in bacterial 
concentration in non-CR-BSI did not exceed fivefold (59). The authors used a similar 
threshold in a study of 13 pediatric patients with suspected CRI (53). In another pediatric 
study, a colony count more than 50% greater in the catheter than in peripheral specimens 
was considered as indicative of CRI (54), but the major methodological biases contained 
in the study did not allow to consider this threshold as accurate. 

Raucher et al. showed that a tenfold or greater difference in bacterial concentrations 
between the two specimens was indicative of CR-BSI in children with Broviac catheters 
(60). Using as the cutoff value a significant differential colony count of 4:1, a sensitivity 
of 94% and a specificity and a positive predictive value of 100% were obtained in 
patients hospitalized in internal medicine and surgery wards, and intensive care units 
(57). Using pediatric Isolator® (DuPont) tubes in 58 bacteremic adult patients, a 
specificity and a positive predictive value of 100%, with slightly lower sensitivity (83%) 
and negative predictive value (78%), have been reported using a cutoff value of 3:1 (49). 
In fact, the differential colony count most often exceeds 50 or 100 in cases of proven 
CRI. In pediatric oncology and hematology patients, the colony counts from catheter 
blood samples were 30-fold higher than the colony counts from peripheral samples in 
patients with CRI (62). Fan et al. considered the test to be indicative of CR-BSI if 
bacterial colonies in the catheter blood specimen were sevenfold more frequent than 
identical colonies in the peripheral blood specimen, in 24 patients on TPN with suspected 
CRI (63). Sensitivity of the test was 77.8%, specificity was 100%, and overall accuracy 
was 91.7%. The two infected catheters that gave false-negative results with quantitative 
blood cultures were mainly colonized on the outer surface. 

Paired quantitative blood cultures have been validated mainly for long-term catheters 
such as those used for parenteral nutrition or cancer therapy, and more recently for short-
term catheters in the intensive care unit (64). Quilici et al. studied the value of pour plate 
cultures of blood drawn simultaneously from 283 catheters and from the peripheral vein 
in 190 critically ill adult patients. Receiver operating characteristic curve analysis was 
carried out by varying the catheter/peripheral cfu ratio. The combined sensitivity and 
specificity were most satisfactory at a ratio of 8:1. With use of this threshold, differential 
blood cultures had a sensitivity of 92.8% and a specificity of 98.8%. The specificity was 
100% when the catheters were removed because of suspected CRI (64). 

The usefulness of comparative quantitative cultures of central venous and peripheral 
blood specimens has been studied in patients with CRI treated without catheter removal. 
In these cases, the serial quantitation of bacteremia may demonstrate rapidly decreasing 

Catheter-related infections     54



blood concentrations of viable organisms following initiation of therapy with appropriate 
antibiotics (59). However, the main argument for successful in situ therapy remains the 
rapid resolution of clinical signs of sepsis and of peripheral blood cultures. 

In the aforementioned meta-analysis by Siegman-Igra et al., the paired quantitative 
method appeared to be the most accurate of the blood culture methods evaluated by 
means of the Youden index (sensitivity+specificity−1), although this trend remained 
statistically insignificant (34). 

In summary, using thresholds between 15 and 1000 cfu/ml, hub-blood cultures are 
highly specific but poorly sensitive for the diagnosis of CRI. When quantitative blood 
cultures are drawn simultaneously from the catheter and a peripheral vein, a significant 
differential colony count of 4 to 10:1 for the CVC versus the peripheral vein culture is 
indicative of CRI, with a specificity of 90 to 100% and a sensitivity of about 80%. 
However, the technique is rarely used in clinical practice, mainly because of relative 
complexity and cost. 

Paired Central and Peripheral Nonquantitative Blood Cultures 

The measurement of the differential time to positivity between hub-blood and peripheral 
blood cultures has been proposed as a further promising method for the diagnosis of CRI 
in situ (65). In clinical microbiology practice, the time to blood culture positivity may be 
measured using automatic devices (e.g., radiometric methods). A given cutoff value, 
linked to the metabolism and to the number of microorganisms initially present in the 
bottle, indicates that bacterial or fungal multiplication has occurred in the bottle. The 
higher the initial bacterial inoculum, the quicker this cutoff value is reached. In an in 
vitro study (66), a linear relationship between the initial concentration of various 
microorganisms and the time to positivity of culture has been shown for all species 
tested. Similar results have been reported using continuous-monitoring blood culture 
systems for the diagnosis of CRI due to coagulase-negative staphylococci, with an 
average decrease of 1.5 h to positivity for each tenfold increase in concentration (67). 
Consequently, for central and peripheral blood cultures, comparing the times elapsing 
between bottle inoculation and the detection of positivity could constitute an alternative 
method to quantitative blood cultures. 

In a retrospective study of 64 cancer patients with long-term catheters (66), earlier 
positivity of central versus peripheral vein blood cultures was shown to be highly 
predictive of CRI. The differential time to positivity was significantly greater in patients 
with CRI than in the patients for whom CRI was ruled out or thought unlikely. A cutoff 
limit of 2 h had sensitivity and specificity above 95% for the diagnosis of CRI (66). 
These results have been confirmed by a prospective study (65) in which a definite 
diagnosis of CRI could be made in 16 of the 17 patients who had a positive result of a 
blood sample from the CVC at least 2 h earlier, in comparison to a peripheral blood 
culture. The overall sensitivity was 91%, and specificity was 94%. In another study of 
107 cancer patients, a receiver-operating characteristic curve was constructed to 
determine the optimum threshold of the test; a cutoff point of 3 h was associated with 
100% specificity and 81% sensitivity (68). 

For an accurate interpretation of the differential time to positivity, a rigorous method 
is mandatory. The first milliliters of blood drawn via the catheter should be used for 
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culture and not discarded, and only aerobic bottles are needed. Using both aerobic and 
anaerobic bottles could alter the inoculum present in each bottle and add to the difficulty 
in interpreting the time to positivity. For multiple-lumen catheters, blood should be drawn 
from the distal port, which corresponds to the portion of the device cultured (65). 
However, in pediatric oncology patients with multilumen, long-term CVCs, the estimated 
sensitivity of a culture drawn from a single lumen was only 84%, suggesting that drawing 
blood cultures from all lumens could be useful in this setting (69). 

The value of this technique, based on the results of blood cultures, may be higher in 
patients with long-term catheters—which are predominantly colonized by an endoluminal 
route—thari in patients with short-term CVCs, such as critically ill patients. Two studies 
suggest that sensitivity and specificity of the method could be lower in intensive care unit 
patients (70, 71). However, because of methological biases, these studies allow no 
definitive conclusion for critically ill patients at the moment (72). Conversely, Raad et al. 
have compared the diagnostic value of the differential time to positivity in 90 cancer 
patients with short-term (<30 days of placement) and long-term (>30 days) catheters (73). 
By multiple logistic regression analysis, a differential time to positivity greater than 2 h 
was highly predictive of bacteremic CRI. Sensitivity, specificity, and negative and 
positive predictive values were 94%, 91%, 95%, and 88%, respectively, for short-term 
CVCs, and 94%, 89%, 89% and 85%, respectively, for long-term devices. Finally, Seifert 
et al. showed recently that differential time to positivity compared favorably with paired 
quantitative blood cultures for the diagnosis of CR-BSIs in neutropenic patients with 
short-term nontunneled catheters (median, 10 days; range 1–38 days). The sensitivity of 
the method was 82% and the specificity was 88% (74). More studies should be helpful in 
reaching a better understanding of the accuracy of the technique in critically ill patients 
with short-term catheters. 

The value of the absolute time to positivity of blood cultures could have some 
additional significance. When the absolute time to positivity was studied a posteriori in 
cancer patients, the median time to positivity of the hub-blood culture was significantly 
lower in patients with CRI than in other cases, and a time to positivity greater than 24 h 
excluded a CRI (65). However, in patients with coagulase-negative staphylococci 
bacteremia, other authors found no difference between contaminated samples and true 
bacteremia in the time to detection of positive blood cultures (75, 76). 

Dissociated results of paired blood cultures (i.e., when one of the paired blood cultures 
is positive) are more difficult to interpret. The reliability of blood cultures obtained 
through intravascular catheters remains controversial. Wormser et al. showed that 
catheter blood cultures were 96% sensitive and 98% specific for the detection of 
septicemia (77). Conversely, DesJardin et al. reported that culture of blood drawn 
through the CVC had low positive predictive value, apparently less than from a 
peripheral venipuncture, in cancer patients (78). Similarly, in critically ill surgical 
patients, the specificity and positive predictive value of blood cultures drawn through a 
catheter were lower than those obtained from a peripheral venipuncture, whereas both 
types of cultures had an excellent negative predictive value (79). Therefore, a positivity 
of the hub-blood culture only, which may reflect either a contamination of the sample or 
a definite CRI, needs clinical interpretation and requires confirmation. Such situations 
should be analyzed as a dynamic process: When the first dissociated pair (catheter 
positive/venipuncture negative) is recorded, an additional pair (catheter 
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positive/venipuncture negative or catheter positive/venipuncture positive) usually 
indicates a CRI (65). Conversely, if no other positive blood culture is recorded (i.e., only 
one catheter positive/venipuncture negative pair), this pattern reflects a contamination 
during sampling (65). This is in agreement with the interpretation of multiple positive 
blood cultures for distinguishing true bacteremia and pseudobacteremia due to coagulase-
negative staphylococci (80). When only the peripheral blood culture is positive (catheter 
negative/venipuncture positive), we are likely to be facing a true bacteremia related to 
another focus of infection, except when skin microorganisms such as coagulase-negative 
staphylococci are involved (65, 78). 

Critically ill patients often present problems with peripheral venous access for 
obtaining blood samples. Some of these problems can be overcome with indwelling 
arterial catheters. For the vast majority of blood tests, if sufficient dead space is removed 
from the catheter tubing, the source of the blood does not influence the result of the test. 
Levin et al. showed that the results of blood cultures taken from the arterial line were 
frequently equivalent (83% equivalent results among 90 parallel blood culture sets) to 
those taken from venipuncture (81). When discordant, the growth of gram-positive 
bacteria almost certainly reflects contamination or arterial line colonization, whereas the 
growth of gram-negative bacteria may have to be considered as reflecting bacteremia 
(81). Therefore, arterial blood cultures are a satisfactory alternative when peripheral 
venipuncture is not possible for paired blood cultures. 

In summary, the measurement of the differential time to positivity between hub-blood 
and peripheral blood cultures constitutes an alternative method to quantitative blood 
cultures. In cancer patients, a cutoff limit of 2 h in favor of the blood culture drawn on the 
catheter has sensitivity and specificity above 90% for the diagnosis of CRI. The value of 
this technique, based on the results of blood cultures, could be higher in patients with 
long-term catheters than in patients with short-term CVCs, such as critically ill patients. 
The practicability of the method may have some limitations in clinical practice. First, 
although many clinical microbiology laboratories use continually monitored blood-
culture systems, that may be not the case all over the world, mainly in developing 
countries. Second, a 24-h capability in the microbiology laboratory (including on 
weekends) or the ability to process blood cultures on the ward are rather uncommon. 
Therefore, whatever the accuracy of the method, the technique may be somewhat difficult 
to perform routinely around the clock. 

RAPID DIAGNOSIS OF CRI BY USING DIRECT EXAMINATION 

An overnight incubation is usually necessary for microbiological cultures of a catheter 
segment, exit site, or blood samplings. Therefore, whatever the diagnostic strategy 
chosen (removal of the catheter or not), an early diagnosis and a microbiological 
orientation would be very useful for the clinician. 

Direct Examination of the Catheter Tip 

The direct examination of the catheter tip has been proposed by Cooper and Hopkins 
(23). Gram stain of the catheter tip was 100% sensitive and 97% specific for the 
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diagnosis of catheter-tip colonization based on semiquantitative cultures, with negative 
and positive predictive values of 100 and 84%, respectively. Using a gram-stained 
impression smear of the external surface of the CVC fixed on a glass slide, Collignon et 
al. reported 83% sensitivity and 81% specificity, whereas the positive predictive value 
was only 44%, due to the low prevalence of bacteremic CRI in the study group (82). 
Acridine-orange staining of the CVC has also been proposed, but compared with the 
culture method, direct examination lacked sensitivity (83). Acridine-orange staining 
seems to be less accurate than Gram staining. Other authors reported that Gram staining 
of catheter segments failed to diagnose CRI, and above all showed that the technique was 
time-consuming and impractical in clinical practice (84). More recently, the utility of a 
centrifuged-prepared Gram stain of sonication broth as a rapid test for the diagnosis of 
CRI was assessed (85). Similarly, no correlation was found between this test and the 
diagnosis of CRI established by the sonication technique. In fact, the clinical utility of 
these techniques is limited in routine, except in cases when a rapid diagnosis is needed in 
a patient with severe sepsis. 

The rapid diagnosis of fungal infection of intravascular catheters in newborns, by 
scanning electron microscopy examination of removed central or umbilical catheters, has 
been proposed (86). Scanning electron microscopy identified fungi in the biomaterials 
covering the catheter surface in a few hours. However, the actual significance of this 
complex technique is not defined in other settings and in clinical practice. The tests 
described in the following section may be more promising for the clinical practice than 
direct examination of the catheter tip. 

Gram Staining of Pericatheter Skin and Hub 

The value of Gram staining the pericatheter skin and the connection in detecting CRI was 
the focus of a Spanish study (51). A CRI was considered to be present if the same 
microorganism was isolated from the catheter tip, skin and/or hub, and blood cultures. 
Taken together, the sensitivity, specificity, and positive and negative predictive values for 
Gram staining of the skin and hub were 80%, 82%, 35%, and 97%, respectively. 
Therefore, as previously shown for the skin cultures, the negative results of Gram 
staining skin and hub swabs could be useful to quickly rule out the presence of CRI. 

Acridine-Orange Leucocyte Cytospin Test 

Direct examination of blood drawn from the catheter using the acridineorange leucocyte 
cytospin (AOLC) test is a rapid method for the diagnosis of CRI. The AOLC test allows 
detection of bacteria from a small sample (50 µl) of blood aspirated from the catheter 
(87). The cytospin allows the production of a monolayer from the sample onto a slide. 
Acridine-orange is an intercalating agent used to stain DNA on the slide, which may then 
be examined using ultraviolet microscopy with oil immersion. The AOLC test was first 
tested in a population of infants with suspected catheter sepsis, defined by quantitative 
blood cultures (88). The AOLC test was 87% sensitive and 94% specific in the diagnosis 
of CRI. The results were available in an hour. 

The same group showed that the AOLC test was not as reliable for the detection of 
CRI in adults. This could be due to a lower quantitative level of bacteremia in adults than 
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in neonates (87), leading to a lower sensitivity of the test. Therefore, Tighe et al. reported 
a modification of the test, using an endoluminal brush to release a larger number of 
organisms colonizing the catheter. After the brush is used, a shower of fibrin and 
organisms released from the wall of colonized catheters is subsequently aspirated and 
identified using the AOLC test (87). Two groups of 50 adult patients with suspected 
sepsis and a CVC, in whom the decision to remove the catheter had been made, were 
compared. In the first group, a blood sample was withdrawn from the catheter for the 
AOLC test; in the second group, an endoluminal brush was used to “sweep” the catheter 
before collection of the blood sample. 

Results of the AOLC test were compared with culture of the catheter tip. The test was 
positive in only 12% of the infected catheters in group 1 (no brush), compared to 83% of 
the infected catheters in cases with endoluminal brushing. The AOLC test produced no 
false positives in either group. Despite these encouraging data with the endoluminal 
brush, the theoretical risk of embolization or subsequent bacteremia should be 
considered. Previously, the same group had proposed an endoluminal brush technique, 
with a threshold of 102 cfu/ml, for in situ diagnosis of CRI (89). 

More recently, Kite et al. conducted a similar study in 124 adult surgical patients, 
using the AOLC test and Gram stain for rapid diagnosis of CRI without catheter removal 
(35). The Gram stain and AOLC test is simple, rapid (30 min), inexpensive, and requires 
two 50 µl-samples of catheter blood treated with EDTA, and the use of light and 
ultraviolet microscopy (Table 8). No endoluminal brushing was used. CRIs were defined 
using a composite criterion based on the results of three methods, which allow the 
differential  

Table 8 Rapid Diagnosis of CR-BSI Without 
Catheter Removal 

Gram stain and acridine-orange leucocyte cytospin (AOLC) testa 

A 1-ml sample of blood (treated with edetic acid) is aspirated from the catheter lumen for the Gram 
stain and AOLC test, which require two 50-µl samples of catheter blood. Each sample is placed 
into 12-mm by 75-mm polystyrene tubes to which is added 1.2 ml formalin (10% by volume) saline 
(0.025 mol/l) solution, and the mixture left for 2 min. 2.8 ml 0.19 mol/l saline is then added to each 
tube, followed by centrifugation at 352 g for 5 min. The supernatant is decanted and the cellular 
deposit is homogenized by vortexing for 5 s and then transferred to a cytospin cupule that contains 
a microscope slide. The cellular suspension is centrifuged at 153 g for 5 min in a cytocentrifuge. A 
monolayer of leucocytes and microorganisms is placed on each of two microscope slides, which are 
heat-dried on a 60°C hotplate for 3 min and then stained with either 1 in 10,000 (weight/ volume) 
acridine-orange or Gram stain and viewed by ultraviolet and light microscopy. A minimum of 100 
high-power fields are examined, and the presence of any microorganisms within the cellular 
monolayer (on either slide) is considered a positive result. 
aFrom Ref. 88. 

assessment of both endoluminal and extraluminal portions of the CVC. A sensitivity of 
96%, a specificity of 91%, a negative predictive value of 97%, and a positive predictive 
value of 91% were reported for the diagnosis of bacteremic CRI with both tests taken 
together (35). The Gram stain and AOLC test have a threshold of 1000 microorganisms 
per milliliter of blood; considering that peripheral blood contained less than 250 cfu/ml, 
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the technique was unlikely to detect bacteremia unrelated to the catheter. The operational 
values reported are similar to those obtained using the measurement of the differential 
time to positivity (65). 

Interestingly, although the specificity of the method was high in both studies, the 
AOLC test had a very much higher sensitivity (96%) in the recent study by Kite et al. 
(35) than in the first group (no brush; sensitivity 12%) of the former study by Tighe et al. 
(87). The reasons for this finding are unclear. Microbiological techniques are similar in 
both studies. The use of Gram stain in the latter study cannot account for this 
discrepancy, considering that the concordance between Gram stain and AOLC test was 
excellent (35). Finally, the theoretical risk of toxicity of acridine-orange, an intercalating 
agent, may justify some precautions in the microbiology laboratories. Despite these 
concerns, this promising technique allows a rapid diagnosis (<1 h), and could be used in 
the near future to establish the diagnosis of CRI without catheter removal and to guide an 
early targeted antimicrobial therapy, or conversely, to avoid unnecessary use of 
antibiotics, particularly glycopeptides. 

Gram Staining of Blood Drawn From the Catheter 

Gram staining of blood drawn from the catheter is a simple method for the diagnosis of 
CRI, enabling a preliminary identification of the pathogen. Kite et al. suggested that the 
AOLC test could be more accurate in cases of gramnegative bacteremia if bacterial 
counts are low, and if red blood cells are poorly lysed (35). Nevertheless, the authors 
showed a high concordance between the results of the Gram stain and the AOLC test 
(only one discrepant result with positive Gram stain and negative AOLC test). Using the 
Gram staining alone, for direct examination of blood drawn from the catheter during 23 
episodes of CRI, Moonens et al. reported a 100% specificity but a lower sensitivity (78% 
for definite CRI, 61% for suspected and definite CRI taken together) (90). 

OTHER TECHNIQUES 

Recently, Elliott et al. proposed a serological test for the diagnosis of CRI due to 
coagulase-negative staphylococci (CNS) (91). To our knowledge, this innovative 
approach is the only one of this type described to date. The authors compared 67 patients 
suspected of having CRI due to CNS and 67 control patients with a CVC, but without 
CRI. Ten milliliters of blood were obtained in both groups, and serum antibody levels of 
both IgG and IgM against a short-chain lipoteichoic acid antigen isolated from CNS were 
determined, using an ELISA technique. Significant differences between the mean IgG 
and IgM titers of the test group and the control group were observed. Using an IgG titer 
of 20,000, the test had a sensitivity of 75% and a specificity of 90%. 

This method has several limitations, however, which precluded its use in clinical 
practice at that time. 

1. The criteria used in the study for the diagnosis of CRI are debatable. None of the 
microbiological techniques usually considered as reference were used, including 
quantitative catheter-tip cultures or paired blood cultures. Only a clinical criterion was 
used, which commonly lacks specificity. In addition, only one positive blood culture 
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with isolation of CNS was required, probably leading to the inclusion of “false 
bacteremias.” 

2. Despite significant differences between IgG levels, there was an overlap between the 
control group and the group with suspected CRI, leading to a 75% sensitivity. 
Although the authors state that the test compares favorably with other diagnostic 
methods, it is clearly lower than the sensitivity and specificity of quantitative (Sp and 
Se>92%) (64) or qualitative (Sp and Se>90%) (65,73) paired blood cultures. 

3. Only staphylococci are detected. However, as many as 30 to 40% (92), or even more 
than 55% (93) of the CRIs are due to Enterobacteriaceae, Pseudomonas sp., S.aureus, 
or yeasts, the severity of which may be far greater than that of CNS bacteremia. In 
addition, the antigen used is common to S.pidermidis and S. aureus strains. A 
diagnostic method allowing identification of the microorganism responsible for sepsis 
(and especially to distinguish between CNS and S.aureus strains, and to identify 
Gram-negative rods and yeasts) is mandatory when a CRI is suspected. 

4. Finally, the usefulness of the method in terms of rapidity of diagnosis can be a matter 
of controversy. Although the authors consider that the diagnosis can be made without 
having to wait for blood culture results, the algorithm proposed suggests that the value 
of the ELISA result alone is limited when the results of blood cultures are not 
available. Similar results have been reported in a study recently published by the same 
group (94). Serological tests have also been proposed by this group for rapid diagnosis 
of endocarditis caused by gram-positive cocci (95). 

Further studies are needed before serological tests can be proposed in routine. However, 
the concept of this method is innovative in the field of catheter infections. Indirect 
diagnostic methods, such as those developed for community-acquired pneumonia (e.g., 
legionella urinary antigen) could offer new perspectives in this setting. The usefulness of 
serological methods for the diagnosis of CRI remains to be confirmed. 

Other tests that have been proposed, such as C-reactive protein and nitroblue 
tetrazolium tests, have not proved to be useful in the diagnosis of CRI. 

COST-EFFECTIVENESS OF DIAGNOSTIC TESTS 

Nosocomial catheter-related bloodstream infections account for estimated excess hospital 
costs ranging from $34,000 to $56,000 per infection (40, 96). As shown for attributable 
morbidity and mortality (97), these added costs are probably overestimated because of 
imperfect adjustment. True additional costs could be lower after adjustment for severity 
factors during the ICU stay and before the event. Pittet et al. estimated that additional 
costs were $29,000 per survivor in critically ill patients (98). In a Spanish study, each 
episode of CR-BSI represented an additional cost of about $3,100 (99). Attributable 
mortality, excess length of stay, and costs are lower for CR-BSI than for bacteremia of 
other origin (100). 

Few studies have focused on the cost-effectiveness of diagnostic strategies. In 1997, 
Siegman-Igra et al. estimated the total hospital laboratory cost for each test, including 
costs for personnel, minutes of test time, supplies, reagents, equipment maintenance, and 
laboratory overhead (34) (Table 9). Finally, the overall cost of each accurate test result 
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was calculated by using the cost of the test and the pooled sensitivity and specificity for 
the test. The costs of antibiotic therapy in cases of true-positive and false-positive results,  

Table 9 Estimated Cost for Each Microbiologic 
Method 

  Estimated cost ($) 

Test method per test per accurate result 

Diagnostic methods after catheter removal     

Qualitative catheter segment culture 57 467 

Semiquantitative catheter segment culture 39 401 

Quantitative catheter segment culture 89 415 

Direct examination 22–47 ND 

Diagnostic methods without catheter removal     

Unpaired qualitative catheter blood culture 38 271 

Unpaired quantitative catheter blood culture 60 198 

Paired quantitative catheter blood culture 120 282 

Differential time to positivity of blood culturesa 38–57 ND 

Gram stain and AOLC test 60–90 ND 

AOLC: acridine-orange leucocyte cytospin. 
aConsidering that aerobic (± anaerobic) bottles are used for peripheral blood cultures, and only an 
aerobic bottle for the hub-blood culture. 
Source: Ref. 34. 

and the costs of catheters and catheter replacement, were included in the calculation. 
Among the catheter-tip culture techniques, the estimated cost per test was about 2.5-

fold greater for quantitative ($88) than for semiquantitative culture ($38), but was similar 
($415 versus $401) when calculated per accurate result. In the same analysis, the 
unpaired quantitative catheter blood cultures offered the lowest cost per accurate test 
result ($198 versus $282 for paired quantitative blood cultures) (34). 

Since this meta-analysis, new diagnostic tools have been described. The Gram stain 
and AOLC test are considered to be inexpensive (35). Considering the total time for 
doing both a Gram stain and an AOLC test as 20–30 min, as reported by Kite et al., a cost 
of about $60 to $90 per test may be estimated (101). Differential time to positivity of 
blood cultures may also be used for diagnosing CRI. Although paired blood cultures are 
taken, only aerobic bottles are needed, and the total laboratory cost of qualitative blood 
cultures has been shown to be about one-third lower than that of quantitative blood 
cultures ($38 versus $60) (34). In addition, this procedure may avoid both unjustified 
removal of the CVC when the differential time to positivity between central and 
peripheral blood cultures is short, and unjustified prolonged antibiotic treatment when the 
differential time to positivity is long. 
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The cost-effectiveness of these new techniques is likely, but subsequent prospective 
studies are required to assess whether these tests actually change clinicians’ decisions 
about catheter replacement, which has been estimated to cost $582 per replacement for 
nontunneled catheters (101). 

CONCLUSIONS 

New techniques have been recently proposed for diagnosing CRI. The most promising 
techniques seem to be the direct examination of blood drawn from the catheter, using the 
acridine-orange leucocyte cytospin test and Gram stain, and the differential time to 
positivity of paired blood cultures. However, the value of these recently described 
diagnostic tools requires confirmation by other investigators, in other settings, before 
either method can be recommended for routine use (101). Both techniques could be more 
accurate for long-dwelling catheters, such as those used in cancer patients, than for short-
term catheters. This is consistent with identification of the CVC lumen as the 
predominant source of infection in patients with long-term catheterization (35). The 
easier method to set up immediately would be the differential time to positivity test, 
given that many clinical microbiology laboratories use continuous-monitoring blood 
culture systems, and provided that many physicians investigate a newly occurring fever 
by drawing simultaneous catheter and venipuncture blood cultures (100). 

These latter methods are mainly destined to establish the diagnosis of CRI without 
removal of the catheter. However, paired blood cultures with measurement of the 
differential time to positivity can be performed exclu-sively in clinically stable patients, 
without local (purulence or cellulitis) or systemic (severe sepsis or septic shock) signs of 
severity. The Gram stain and AOLC test are destined to establish or to rule out the 
diagnosis of CRI within 30 min. In unstable septic patients, however, the technique 
should be used exclusively to guide an early targeted antibiotic therapy, rather than to 
attempt to save a potentially seriously colonized catheter. 

In case of septic shock of undetermined origin in a patient with a CVC, or when local 
signs of infection are present, the catheter needs to be removed immediately and a 
semiquantitative—or, if possible, a quantitative—culture of the catheter tip (and 
eventually of the port) needs to be performed (5). Empirical antibiotics should be started 
immediately, eventually guided by the results of the Gram stain and AOLC test. In stable 
patients, techniques with high sensitivity and negative predictive value (such as skin 
cultures) and methods with high specificity and positive predictive value of bacteremic 
CRI (such as paired blood cultures or the Gram stain and AOLC test) could be proposed 
to avoid the removal of the CVC, which is unjustified in most cases. The recent 
recommendations for the Management of Intravascular CRI will be helpful for clinicians 
in the decision-making process (1). 

A decisional tree for the diagnosis of CRI is proposed in Fig. 1. 
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Figure 1 Proposed decisional tree for 
the diagnosis of catheter-related 
infections. 
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INTRODUCTION 

Some 80,000 patients in U.S. intensive care units (ICUs) develop central venous catheter-
related infections each year (1,2), and even more do so throughout the rest of the health 
system (3). The variable outcome of catheter-related infections reflects the fact that a 
myriad of microbes may cause such infections. Staphylococcus aureus and Candida 
species are associated with the greatest morbidity and mortality (4,5). Despite the 
potential seriousness of such infections, scant data exist in the literature regarding 
evidence-based management. Guidelines have been recently published to assist clinicians 
caring for patients with catheter-related infections (3,6), and many of the chapters in this 
book include sections on the management of infections related to particular devices and 
pathogens. The purpose of this chapter is to summarize some of the salient features of the 
published guide-lines regarding management and to discuss some of the controversial 
management issues. 

DIAGNOSIS OF CRBSI 

Appropriate management of catheter-related bloodstream infection (CRBSI) depends first 
upon accurate diagnosis. A large majority of ICU patients with an indwelling CVC and a 
new fever, but with no local signs of inflammation at the catheter site, have the CVC 
removed and cultures performed and are shown to have no catheter-related infection (7). 
False-positive blood cultures among such patients have been associated with 
overdiagnosis and excessive therapy, resulting in prolonged hospital stays and extra costs 
ranging from $4100 to $4385 (8, 9). Unnecessary antibiotic therapy also helps to add 
selective pressure favoring the survival and proliferation of antibiotic-resistant pathogens 
in healthcare facilities, where they result in more costly infections and a higher risk of 



mortality with serious infections. Because many patients with CRBSI have infection from 
normal skin flora, which are also frequent causes of false-positive blood cultures due to 
contamination during specimen collection, there must be a way of distinguishing true-
positive from false-positive blood cultures. 

One study found that 154 (90%) of 171 cultures growing coagulase-negative 
staphylococci (CNS) were likely to be false-positives (10). Of these 171 patients, 130 
(76%) had only one positive set of blood cultures, and 40 (24%) had two or more positive 
sets. Of the 40 with two or more positive sets, 23 (62%) had symptoms compatible with 
bloodstream infection, but for three of the patients each set contained a different species 
of CNS. Another three patients had two or more sets growing the same species, but 
pulsed-field gel electrophoresis showed that each set contained a different strain. This left 
only 17% of the patients with CNS-positive blood cultures that appeared to be true causes 
of bloodstream infection. 

Most hospital laboratories do not have access to molecular typing or, if they do, 
usually not in a timely manner that could help interpret clinical isolates for an individual 
patient. For this reason, national guidelines have recommended that at least two sets of 
blood cultures collected from different sites should show what appears to be the same 
strain of the same species (i.e., with the same antibiogram plus any other readily 
identifiable features such as colonial color, morphology, etc., that might be used to 
recognize a particular strain) before considering a bloodstream infection due to skin flora 
like CNS (11). Percutaneously drawn samples are less likely to be contaminated than 
those drawn from an indwelling catheter (8), but up to half of the positive percutaneously 
drawn cultures may still represent false-positive cultures (12–14). 

A problem of underdiagnosis could be equally important, however, since 70% of 
patients with CRBSI due to CVCs had no inflammation at the site of the CVC (15,16). 
For this reason, patients with an indwelling catheter and onset of a new fever without 
another obvious source must be evaluated for possible CRBSI. 

Evaluation of a new fever should involve collection of two sets of blood cultures (3). 
For ICU patients with continuing fever and negative routine blood cultures, specialized 
blood culture collection bottles may improve the yield of diagnosing occult candidemia 
and should be considered (17). For patients who have an indwelling CVC, the diagnosis 
of CRBSI should be suspected even in the absence of local inflammatory signs, because 
for such patients a new fever and/or rigors without localizing symptoms are often related 
to CRBSI (18). For adult patients, blood cultures should use a sample of at least 10 ml 
(and preferably 20 ml) of blood per set of blood cultures (19). For most patients with 
short-term catheters, both sets of cultures should be obtained percutaneously, because 
false-positive cultures have been shown to be significantly more likely when drawn from 
the hub of an indwelling catheter (8, 20). To minimize the false-positive rate of 
percutaneously drawn cultures, an alcohol-based antiseptic should be used for skin 
preparation before phlebotomy. One recent study showed that 70% isopropyl alcohol 
appeared to be as effective for this purpose as two other alcohol-containing preps, 
tincture of iodine, and a commercial product that contains povidone iodine and 70% 
isopropyl alcohol (21). Isopropyl alcohol has the advantage of being less costly and is 
associated with a lower rate of skin reactions than is tincture of iodine. 

For patients with long-term catheters (i.e., those in place for weeks to months), one of 
the two sets of blood cultures should be from the indwelling catheter. This has been 
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shown to yield important diagnostic information when using either quantitative blood 
cultures or qualitative blood cultures that are continuously monitored for positivity. 
Blood drawn from the catheter that turns culture-positive more than two hours earlier 
than blood drawn from a peripheral vein has been shown to suggest that the catheter is 
the source of infection (22, 23). With quantitative blood cultures, a concentration of 
bacteria 5- to 10-fold higher in blood from the catheter has been shown to indicate 
catheter-related infection as the source of the bacteremia (24). The way in which 
differential time to positivity works with qualitative cultures is related to the principle 
upon which the paired quantitative cultures work. A sample with a higher inoculum will 
be detected as positive earlier than one with a lower inoculum, so the continuously 
monitored qualitative blood cultures are in effect providing an inexpensive form of 
quantitative culture by measuring and comparing time to positivity for the two samples. 

When a catheter is removed because of suspected catheter infection and infection is 
not already confirmed (e.g., through paired blood cultures using differential time to 
positivity), then catheter segments should be submitted for culture to confirm the 
diagnosis. This is usually done by removing the catheter with aseptic technique, 
following careful antiseptic preparation surrounding the catheter exit site, and then 
truncating the distal 5-cm segment into a sterile container for transport to the laboratory. 
The catheter tip should undergo culture using a semiquantitative method (the most widely 
used approach in hospital laboratories) or a quantitative method, which costs somewhat 
more but is also somewhat more accurate (24). The costs per accurate result are similar 
for the two methods (24). Routine culture of the 5-cm segment just beneath the catheter-
skin interface may not be necessary (25). 

REMOVAL OF THE INFECTED CATHETER 

A common clinical question is whether to leave an intravascular catheter in place in a 
patient who has CRBSI. The usual answer in the past has been to remove the infected 
device, thereby removing a foreign body at the site of an infection. This is because 
foreign bodies have been shown to promote continuing infection despite antibiotic 
therapy, and removal allows the immune response to handle any remaining infection 
better. The catheter should always be removed for severe infections and for proven 
infections involving short-term catheters. In the case of long-term catheters, for which 
there may be a greater incentive to try treating through the infection, tunnel infection is 
usually associated with failure of therapy and the necessity to remove the catheter. 

Different pathogens have been associated with different outcomes when the catheter 
has been left in place while attempting antibiotic therapy of catheter infection. According 
to the results of a multivariate analysis in one study (26), for example, for CRBSI due to 
CNS there was a threefold higher risk of recurrent CRBSI if the catheter was not 
removed. In the only published study of this question, there did not appear to be an 
increased risk of death from CRBSI due to CNS when the catheter was not removed, but 
the study was retrospective and had relatively low statistical power to address this 
question (26). 

The outcome has appeared to be different in cases of CRBSI due to S.aureus or 
Candida. For S.aureus, one observational study found a fourfold higher risk of death if 
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the catheter was left in situ for greater than 48 h after the onset of bacteremia (27). 
Another group of investigators found a 6.5-fold higher independent risk of relapse or 
death if the catheter was left in place; 13 (56%) of 23 patients from whom the catheter 
was not removed died (28). In the latter study, 80% of the patients were hemodialysis 
patients, for whom removal of a dialysis catheter may be problematic because of limited 
veins available for dialysis access. A more recent study among hemodialysis patients, 
however, found that none of 50 cases of CRBSI due to S.aureus resulted in death, 
suggesting the need for additional carefully controlled studies of this question (29). For 
Candida CRBSI, there was a two- to tenfold higher independent risk of death in two 
studies when the catheter was left in situ after the first positive blood culture (30, 31). 
Other studies in children and adults have reached similar conclusions, but only by 
univariate analysis (32–34). Of note, approximately 70% of patients with significant 
growth of S. aureus or Candida from a catheter tip have been found to have concomitant 
CRBSI, and the likelihood of CRBSI in the presence of significant growth from a 
catheter tip is two to three times greater with S. aureus or Candida as compared with 
CNS (35,36). 

Based on the findings noted above, patients with significant growth of S. aureus or 
Candida from a catheter tip should certainly have blood cultures drawn (if not already 
ordered) so as not to miss an associated bloodstream infection. If CRBSI is documented, 
infection due to either of these two pathogens usually warrants removal of the catheter. 
The exception might be a patient with a long-dwelling tunneled catheter and S. aureus 
CRBSI of lumenal origin with rapidly clearing bacteremia. In this circumstance, 
parenteral and antibiotic lock therapy may be associated with a clinical cure and catheter 
salvage (37, 38). Antibiotic lock therapy has usually failed in published reports of 
attempts with fungal infections (39, 40–42), so it seems necessary to remove the catheter 
when any fungal infection is present (3). Many patients with CNS CRBSIs, especially 
those involving implanted or tunneled devices, can be managed by initiating appropriate 
antimicrobial therapy and closely following such patients clinically, taking repeated 
blood cultures. Patients with unremitting bacteremia (e.g., ≥2–3 days) or those without 
clinical improvement, despite use of appropriate antibiotics, should have their catheters 
removed. Also, patients with CRBSI due to almost any pathogen and who have prosthetic 
intravascular devices in place (e.g., prosthetic valve, pacemaker, defibrillator, etc.) should 
be managed with expedient catheter removal in addition to appropriate antimicrobial 
therapy. 

ANTIBIOTIC LOCK THERAPY 

Eradicating microbial pathogens from the surface of intravascular catheters is difficult. 
Bacteria and fungi on the catheter surface are less susceptible to the host immune 
response (43, 44) and to the antimicrobial activity of various classes of antibiotics (44, 
45). Despite exposure to the supratherapeutic concentrations used in an antibiotic lock, 
the microbe usually survives unless therapy is repeated for hours at a time, over a period 
of a couple of weeks. Even then, attempts to eradicate bacteria associated with a 
thrombus can be unsuccessful (46). 
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Antibiotic lock therapy provides a new approach to treatment, without removing the 
catheter, by infusing parenteral antibiotics through the catheter and then locking an even 
higher concentration into the catheter during periods in which the catheter will not 
normally be used (e.g., over an 8- to 12-h period each night) (37–42). This is usually 
accomplished by preparing an antibiotic solution that has appropriate activity against the 
etiologic agent in a concentration of 1–5 mg/ml mixed with 50–100 U of heparin or 
saline, in sufficient volume to fill the lumen of the catheter (usually from 2 to 5 ml). Such 
therapy, usually given over a two-week period, has been successful in salvaging the 
infected catheter in a large majority of patients who require long-term vascular access 
and who have infections due to a variety of pathogens (37–41, 47–52). Compared to a 
couple of weeks of parenteral therapy alone, the addition of ALT has increased the 
probability of salvage by about 25%, according to one recent review of the published data 
(3). All 40 hemodialysis patients in one study were cured and their catheters salvaged, 
including all 12 cases with S. aureus infection (37, 38). The mean duration of follow-up 
without relapse in that study was 20.5 months. 

These data suggest that uncomplicated, mild-to-moderate infection of long-dwelling 
tunneled or hemodialysis catheters (including some cases due to S. aureus) may be 
treated without catheter removal if infection is confined to the lumen of the catheter (i.e., 
in the absence of tunnel or exit-site infection) (3). In one study, the success rate was only 
43% when ALT was used for infected subcutaneous ports (46). Vancomycin has been 
shown to be stable in both total parenteral nutrition solutions and heparin solutions at 
room temperature for a 24-h period, allowing for concurrent therapy during TPN infusion 
and/or for antibiotic lock with heparin overnight, if indicated (53). Another study showed 
that heparin could be kept for 72 h at body temperature with seven different antibiotics, 
without losing a favorable ratio of antibiotic concentration to mean inhibitory 
concentration (54). Two studies have suggested that two weeks of ALT alone may be as 
effective as several days of systemic therapy followed by two weeks of ALT (48, 51). 
However, most clinicians would not feel comfortable treating patients infected with high-
risk microbes (e.g., S. aureus or Candida) or those in high-risk situations, without full-
course parenteral therapy (47). 

DURATION OF SYSTEMIC THERAPY 

For CNS CRBSI, 5 to 7 days of parenteral therapy are usually sufficient if the catheter is 
removed. If a long-dwelling catheter is left in place, then 10 to 14 days of therapy, along 
with ALT, should be given (3). For most other bacterial pathogens, the recommended 
duration of therapy has been 10 to 14 days with catheter removal, or the same duration 
plus antibiotic lock if a long-dwelling catheter is to be salvaged (3). 

An area of ongoing debate concerns the optimal duration of treatment of S. aureus 
CRBSI. In a study of 103 consecutive adult patients with S. aureus bacteremia, 67% were 
due to intravascular catheter infections. One in four patients had endocarditis, and only 
one in five patients with S. aureus endocarditis had physical findings of a new murmur or 
embolic skin lesions (55). In addition, transthoracic and transesophageal 
echocardiography revealed evidence of endocarditis in 27% and 100% of cases, 
respectively (p=0.0005). Because of the propensity toward endocarditis and potentially 
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elusive physical findings, transesophageal echocardiography has been recommended to 
determine the treatment duration for clinically uncomplicated S. aureus CRBSI (56), and 
recent guidelines have reached similar conclusions (3). However, short-course therapy 
(e.g., 2 weeks) for S. aureus bacteremia is not without hazard (57). Interestingly, relapse 
despite a negative transesophageal echocardiogram is not usually due to endocarditis 
missed by this form of echocardiography, but instead results from initially unrecognized 
metastatic infections (55). Recent evidence also suggests that patients should not be given 
short-course therapy if their S. aureus bacteremia does not clear within 72 h of initiating 
of appropriate antimicrobial therapy and catheter removal (58–60). In sum, patients with 
S.aureus CRBSI, who have a negative transesophageal echocardiogram, are without 
prosthetic heart valves, and whose symptoms and bacteremia resolve quickly with 
appropriate management may be candidates for an antibiotic course of less than four 
weeks. All others should be managed with four weeks of antimicrobial therapy.  

Beta-lactam antibiotics should be used for treating S. aureus bacteremia when the 
isolate is susceptible, unless the patient has a serious allergy. For patients with penicillin 
allergy without anaphylaxis or angioedema, a first-generation cephalosporin can be used 
without eliciting an allergic response in 90% of patients. Those with serious allergic 
manifestations can be treated with vancomycin. Vancomycin should not be used for 
therapy of S. aureus susceptible to beta-lactam therapy (61–64). Patients with S. aureus 
endocarditis treated with vancomycin have had higher failure rates and slower clearance 
of bacteremia than usually observed with beta-lactam therapy. Patients with candidemia 
should be treated with amphotericin B or caspofungin (65), or with fluconazole (for 
susceptible species such as Candida albicans) for two weeks following conversion of 
blood cultures to negative. A randomized trial of patients with candidemia without 
neutropenia (72% due to candidal CRBSI) has shown that fluconazole (400 mg/day for 
adult patients) was as effective and less toxic than amphotericin B (0.5 mg/kg/day) given 
for the same length of time (66). However, this trial was conducted at a time when 
Candida species were more likely to be susceptible to fluconazole. Therefore, 
fluconazole should be used with caution for candidemic patients infected with species 
other than C. albicans, unless susceptibility data are available. 

REFERENCES 

1. Mermel LA. Prevention of intravascular catheter-related infections. Ann Intern Med 2000; 
132:391–402. 

2. Mermel LA. Correction: catheter-related bloodstream infections. Ann Intern Med 2000; 133:395. 
3. Mermel LA, Farr BM, Sherertz RJ, Raad II, O’Grady N, Harris JS, Craven DE. Guidelines for 

the management of intravascular catheter-related infection. Clin Infect Dis 2001; 32:1249–1272. 
4. Arnow PM, Quimosing EM, Beach M. Consequences of intravascular catheter sepsis. Clinical 

Infectious Diseases 1993; 16:778–784. 
5. Byers KE, Adal KA, Anglim AM, Farr BM. Case fatality rate for catheter-related bloodstream 

infections CRBSI: a meta-analysis. Infect Control Hosp Epidemiol 1995; 16(part 2 suppl):23. 
6. Mermel LA, Farr BM, Sherertz RJ. Reply. Clin Infect Dis 2001; 33:1949–1951. 
7. Rello J, Coll P, Prats G. Evaluation of culture techniques for diagnosis of catheter-related sepsis 

in critically ill patients letter. Eur J Clin Micro Infect Dis 1992; 11:1192–1193. 
8. Bates DW, Goldman L, Lee TH. Contaminant blood cultures and resource utilization. The true 

consequences of false-positive results. JAMA 1991; 265:365–369. 

Management of intravascular catheter-related infections     75



9. Little JR, Murray PR, Traynor PS, Spitznagel E. A randomized trial of povidone-iodine 
compared with iodine tincture for venipuncture site disinfection: effects on rates of blood 
culture contamination. Am J Med 1999; 107:119–125. 

10. Kim SD, McDonald LC, Jarvis WR, McAllister SK, Jerris R, Carson LA, Miller JN. 
Determining the significance of coagulase-negative staphylococci isolated from blood cultures 
at a community hospital: a role for species and strain identification. Infect Control Hosp 
Epidemiol 2000; 21:213–217. 

11. Centers for Disease Control and Prevention. Recommendations for preventing the spread of 
vancomycin resistance: Recommendations of the Hospital Infection Control Practices Advisory 
Committee (HICPAC). MMWR 1995; 44(RR-12):1–13. 

12. Weinstein MP, Towns ML, Quartey SM, Mirrett S, Reimer LG, Parmigiani G, Reller B. The 
clinical significance of positive blood cultures in the 1990’s: a prospective comprehensive 
evaluation of the microbiology, epidemiology, and outcome of bacteremia and fungemia in 
adults. Clin Infect Dis 1997; 24:584–602. 

13. MacGregor RR, Beaty HN. Evaluation of positive blood cultures. Arch Intern Med 1972; 
130:84–87. 

14. Aronson MD, Bor DH. Blood cultures. Ann Intern Med 1987; 106:246–253. 
15. Pittet D, Chuard C, Rae AC, Auckenthaler R. Clinical diagnosis of central venous catheter line 

infections: a difficult job [abstract 453]. Abstracts and Programs of the 31st Interscience 
Conference of Antimicrobial Agents and Chemotherapy, (Chicago) Washington, DC: American 
Society for Microbiology, 1991. 

16. 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):2632–2635. 

17. Meyer MH, Letscher-Bru V, Jaulhac B, Waller J, Candolfi E. Comparison of Mycosis IC/F and 
plus Aerobic/F media for diagnosis of fungemia by the bactec 9240 system. J Clin Microbiol 
2004; 42:773–777. 

18. Velez LA, Mermel LA, Zilz MA, Maki DG. Epidemiologic and microbiologic features of 
nosocomial bloodstream infection NBSI implicating a vascular catheter source: a case-case 
control study of 85 vascular catheter-related and 101 secondary NBSIs. Programs and Abstracts 
of the 2nd Annual Meeting of the Society for Hospital Epidemiology of America. Baltimore, 
April 1992, Infection Control and Hospital Epidemiology [13], 562, 1992. 

19. Mermel LA, Maki DG, Detection of bacteremia in adults: consequences of culturing and 
inadequate volume of blood. Ann Intern Med 1993; 119: 270–272. 

20. Martinez JA, DesJardin 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. 

21. Calfee DP, Farr BM. Comparison of four antiseptic preparations for skin in the prevention of 
contamination of percutaneously-drawn blood cultures: a randomized trial. J Clin Micro 2002; 
40:1660–1665. 

22. Blot F, Schmidt E, Nitenberg G. Earlier positivity of central venous versus peripheral blood 
cultures is highly predictive of catheter related sepsis. J Clin Micro 1998; 36:105–109. 

23. Raad I, Hanna HA, Alakech B, Chatzinikolaou I, Johnson MM, Tarrand J. Differential time to 
positivity: a useful method for diagnosing catheter-related bloodstream infections. Ann Intern 
Med 2004; 140:18–25. 

24. Siegman-Igra Y, Anglim AM, Shapiro DE, Adal KA, Strain BA, Farr BM. Diagnosis of 
vascular catheter-related bloodstream infection: a meta-analysis. J Clin Micro 1997; 35:928–
936. 

25. Raad II, Hanna HA, Darouiche R. Diagnosis of catheter-related bloodstream infections: is it 
necessary to culture the subcutaneous catheter segment? Eur J Clin Micro Infect Dis 2001; 
20:566–568. 

Catheter-related infections     76



26. Raad I, Davis S, Khan A, Tarrand J, Elting L, Bodey GP. Impact of central venous catheter 
removal on the recurrence of catheter-related coagulase-negative staphylococcal bacteremia. 
Infect Control Hosp Epidemiol 1992; 13:215–221. 

27. Malanoski GJ, Samore MM, Pefanis A, Karchmer AW. Staphylococcus aureus bacteremia: 
minimal effective therapy and unusal infectious complications associated with arterial sheath 
catheters. Arch Intern Med 1995; 155:1161–1166. 

28. Fowler VG, Sanders LL, Sexton DJ. Outcome of Staphylococcus aureus bacteremia according 
to compliance with recommendations of infectious diseases specialist: experience with 244 
patients. Clin Infect Dis 1998; 27:478–486. 

29. Peacock SJ, Curtis N, Berendt AR, Bowler IC, Winearls CG, Maxwell P. Outcome following 
haemodialysis catheter-related Staphylococcus aureus bacteremia. J Hosp Infect 1999; 41:223–
228. 

30. Nguyen MH, Peacock JE, Tanner DC, Therapeutic approaches in patients with candidemia. 
Evaluation in a multicenter, prospective, observational study. Arch Intern Med 1995; 155:2429–
2435. 

31. Nucci M, Colombo AL, Silveira F, Risk factors for death in patients with candidemia. Infect 
Control Hosp Epidemiol 1998; 9:846–850. 

32. Eppes SC, Troutman JL, Gutman LT. Outcome of treatment of candidemia in children whose 
central catheters were removed or retained. Pediatric Infect Dis J 1989; 8:99–104. 

33. Dato VM, Dajani AS. Candidemia in children with central venous catheters: role of catheter 
removal and amphotericin B therapy. Pediatric Infect Dis J 1990; 9:309–341. 

34. Lecciones JA, Lee JW, Navarro E. Vascular catheter-associated fungemia in patients with 
cancer: analysis of 155 episodes. Clin Infect Dis 1992; 14:875–883. 

35. Peacock SJ, Eddleston M, Emptage A, King A, Crook DW. Positive intravenous line tip 
cultures as predictors of bacteremia. J Hosp Infect 1998; 40:35–38. 

36. Sherertz RJ, Raad I, Belani A. Three year experience with sonicated vascular catheter cultures 
in a clinical microbiology laboratory. J Clin Micro 1990; 28:76–82. 

37. Capdevila JA, Segarra A, Planes AM, Gasser I, Gavalda J, Pahissa A. Long term follow-up of 
patients with catheter related sepsis (CRS) treated without catheter removal [Abstract J3]. 
Programs and Abstracts of the 35th Interscience Conference of Antimicrobial Agents and 
Chemotherapy, (San Francisco) Washington, DC: American Society for Microbiology, 1995. 

38. Capdevila JA, Segarra A, Planes AM. Successful treatment of haemodialysis catheter-related 
sepsis without catheter removal. Nephrol Dial Transplant 1993; 8:231–234. 

39. Krzywda EA, Andris DA, Edmiston CE. Treatment of Hickman catheter sepsis using antibiotic 
lock technique. Infect Control Hosp Epidemiol 1995; 16:596–598. 

40. Benoit JL, Carandang G, Sitrin M. Intraluminal antibiotic treatment of central venous catheter 
infections in patients receiving parenteral nutrition at home. Clin Infect Dis 1995; 21:1286–
1288. 

41. Johnson DC, Johnson FL, Goldman S. Preliminary results treating persistent central venous 
catheter infections with the antibiotic lock technique in pediatric patients. Pediatric Infect Dis J 
1994; 13:930–931. 

42. Arnow PM, Kushner R. Malassezia furfur catheter infection cured with antibiotic lock therapy. 
Am J Med 1982; 90:128–130. 

43. Zimmerli W, Lew PD, Waldvogel FA. Pathogenesis of foreign body infection evidence for a 
local granulocyte defect. J Clin Invest 1984; 73:1191–1200. 

44. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of persistent 
infections. Science 1999; 284:1318–1322. 

45. Zimmerli W, Frei R, Widmer AF, Rajacic Z. Microbiological tests to predict treatment outcome 
in experimental device-related infections due to Staphylococcus aureus. J Antimicrob Chemo 
1994; 33:959–967. 

Management of intravascular catheter-related infections     77



46. Longuet P, Douard MC, Arlet G. Venous access port-related bacteremia in patients with 
acquired immunodeficiency syndrome or cancer: the reservoir as a diagnostic and therapeutic 
tool. Clin Infect Dis 2001; 32:1776–1783. 

47. Rao JS, O’Meara A, Harvey T. A new approach to the management of Broviac catheter 
infection. J Hosp Infect 1992; 22:109–116. 

48. Messing B, Man F, Colimon R. Antibiotic lock technique is an effective treatment of bacterial 
catheter-related sepsis during parenteral nutrition. Clin Nutr 1990; 9:220–227. 

49. Capdevila JA, Barbera J, Gavalda J. Diagnosis and conservative management CM of infection 
related to long term venous catheterization CI in AIDS patients [Abstract J55]. Programs and 
Abstracts of the 34th Interscience Conference of Antimicrobial Agents and Chemotherapy, 
(Orlando, FL) Washington, DC: American Society for Microbiology, 1994. 

50. Williams N, Carlson GL, Scott NA. Incidence and management of catheter-related sepsis in 
patients receiving home parenteral nutrition. Br J Surg 1994; 81:392–394 

51. Messing B, Peitra-Cohen S, Debure A, Beliah M, Bernier JJ. Antibiotic-lock technique: a new 
approach to optimal therapy for catheter-related sepsis in home-parenteral nutrition patients. 
JPEN 1988; 12:185–189. 

52. Douard MC, Arlet G, Leverger G, Paulien R, Waintrop C, Clementi E, Eurin B, Schaison G. 
Quantitative blood cultures for diagnosis and management of catheter-related sepsis in pediatric 
hematology and oncology patients. Intens Care Med 1991; 17:30–35. 

53. Yao JD, Arkin CF, Karchmer AW. Vancomycin stability in heparin and total parenteral 
nutrition solutions: novel approach to therapy of central venous catheter-related infections. 
JPEN 1992; 16:268–274. 

54. Saxinger LM, Williams KE, Lyon M. Stability of antibiotics in heparin at 37C toward antibiotic 
locks for central venous catheter related infections [abstract 626]. Programs and Abstracts of the 
39th Interscience Conference on Antimicrobial Agents and Chemotherapy, (San Francisco). 
Washington, DC: American Society for Microbiology, 1999. 

55. Fowler VG, LI J, Corey GR, Boley J, Marr KA, Gopal AK, Kong LK, Gottlieb G, Donovan 
CL, Sexton DJ, Ryan T. Role of echocardiography in evaluation of patients with Staphylococcus 
aureus bacteremia: experience in 103 patients. J Amer Coll Cardiol 1997; 30:1072–1078. 

56. Rosen AB, Fowler VG, Corey GR. Cost-effectiveness of transesophageal echocardiography to 
determine the duration of therapy for intravascular catheter-associated Staphylococcus aureus 
bacteremia. Ann Intern Med 1999; 20:810–820. 

57. Jernigan JA, Farr BM. Short-course Therapy of Catheter-related Staphylococcus aureus 
Bacteremia: A Meta-analysis. Annals of Internal Medicine 1993; 1194:304–311. 

58. Raad I, Sabbagh MF. Optimal duration of therapy for catheter-related Staphylococcus aureus 
Bacteremia: a study of 55 cases and review. Clin Infect Dis 1992; 14:75–82. 

59. Fowler VG Jr, Olsen MK, Corey GR, Woods CW, Cabell CH, Reller LB, Cheng AC, Dudley T, 
Oddone EZ. Clinical identifiers of complicated Staphylococcus aureus bacteremia. Arch Intern 
Med 2003; 163:2066–2072. 

60. Chang FY, MacDonald BB, Peacock JE Jr, Muscher DM, Triplett P, Mylotte JM, O’Donnel A, 
Wagener MM, Yu VL. A prospective multicenter study of Staphylococcus aureus bacteremia: 
incidence of endocarditis, risk factors for mortality, and clinical impact of methicillin resistance. 
Medicine (Baltimore) 2003; 82:322–332. 

61. Hartstein AI, Mulligan ME, Morthland VH, Kwok RY. Recurrent Staphylococcus aureus 
bacteria. J Clin Micro 1992; 30:670–674. 

62. HICPAC. Recommendations for preventing the spread of vancomycin resistance. Hospital 
Infection Control Practices Advisory Committee (HICPAC). Infect Control Hosp Epidemiol 
1995; 16:105–113. 

63. Small PM, Chambers HF. Vancomycin for Staphylococcus aureus endocarditis in intravenous 
drug abusers. Antimicrob Agents Chemother 1990; 34:1227–1231. 

Catheter-related infections     78



64. Chang FY, Peacock JE Jr, Musher DM, Triplett P, MacDonald BB, Mylotte JM, O’Donnell A, 
Wagener MM, Yu VL. Staphylococcus aureus bacteremia: recurrence and the impact of 
antibiotic treatment in a prospective multicenter study. Medicine (Baltimore) 2003; 82:323–339. 

65. Mora-Duarte J, Betts R, Rotstein C, Colombo AL, Thompson-Moya L, Smietana J, et al. 
Caspofungin Invasive Candidiasis Study Group. Comparison of caspofungin and amphotericin 
B for invasive candidiasis. N Eng J Med 2002; 347:2020–2029. 

66. Rex JH, Bennett JE, Sugar AM. A randomized trial comparing fluconazole with amphotericin B 
for the treatment of candidemia in patients without neutropenia. N Eng J Med 1994; 331:1325–
1330. 

Management of intravascular catheter-related infections     79



5  
Prevention and Control of Catheter-

Related Infections  
Bernd Jansen and Wolfgang Kohnen 

Department of Hygiene and Environmental Medicine  
Department of Hospital Hygiene and Infection Control  

Johannes Gutenberg University  
Mainz, Germany 

INTRODUCTION 

Since their introduction in 1945, polymeric catheters have gained widespread acceptance 
in all fields of medicine. Currently, they are used for various therapeutic and diagnostic 
purposes such as infusion therapy, administration of blood products, or hemodynamic 
monitoring of ICU patients. Thus, they represent major progress in modern medicine. 

It is estimated that more than half of all patients admitted to a hospital, either in the 
United States, Europe, or elsewhere, will receive an intravascular catheter. In the United 
States this represents 15 to 20 million patients, some of whom will be at high risk of 
catheter-related infection (CRI). The annual frequency of CRI in the United States has 
been reported to be approximately 850,000 cases (1). Because CRIs are major causes of 
primary nosocomial bloodstream infection, they represent an important patient risk factor 
influencing morbidity and mortality, and also hospital economics. In former studies, for 
example, it was estimated that CRI led to a cost increase of approximately $3,000 to 
$6,000 per case, due to therapy and prolonged hospital stay (2, 3). 

Especially in intensive care units (ICU), there is a substantially higher risk for patients 
to acquire a catheter-related bloodstream infection. In the United States there is a total of 
15 million central venous catheter (CVC)-days annually, reflecting the widespread use of 
such devices in critically ill patients (4). The average rate of CVC-related bloodstream 
infections has been reported to be 5.3 per 1000 catheter-days, but recent data from 
Germany show a somewhat lower rate of 2.2 per 1000 catheter-days in such settings (5). 
In ICU patients the attributable costs have been estimated even higher, with figures 
ranging from approximately $34,000 to $56,000 (6, 7). The attributable mortality of 
CVC-related bloodstream infections remains unclear, because recent studies that 
controlled for the severity of illness could not demonstrate an increase (6, 8). If all 
hospitals are considered, the attributable mortality is estimated to lie between 12% and 
25%, with an underlying estimated figure of approximately 250,000 CVC-related 
bloodstream infections occurring each year (9). 

Additional special features of CRIs contribute to their importance and enhance their 
impact on patient health and economics. First, despite considerable progress in evaluating 



new diagnostic tools for CRI there still remain difficulties in finding an accurate 
diagnosis. This may lead to a considerable number of unnecessarily removed catheters 
(with associated cost increase), whereas a failure in diagnosis may have severe 
consequences for the patient. Second, failure of antibiotic treatment in many cases of 
established CRI and the subsequent necessity for catheter removal also considerably 
contribute to morbidity and to cost increase. 

For all these reasons, effective prevention of CRI is of paramount importance. In the 
last 10 to 20 years, a large number of studies on various aspects of CRI such as 
epidemiology, pathogenesis, therapy, and prevention have been published, and they have 
substantially increased our knowledge about these unique infections. Surely, this research 
has also inspired the development of preventive measures. The aim of this chapter is to 
give a comprehensive overview of current strategies in the prevention of CRIs, carefully 
considering their individual benefits and shortcomings. 

BASIC CONSIDERATIONS 

For effective prevention, a basic understanding of the underlying mechanisms leading to 
CRI is essential. These include the pathogenesis and epidemiology as well as patient risk 
factors and are intensively discussed in the respective chapters in this book. In the 
following, certain aspects of these issues will be addressed that are relevant with regard 
to prevention of CRI. 

Factors Contributing to the Establishment of CRI 

A variety of different factors may contribute to the development and establishment of a 
CRI. The nature and specific abilities of the pathogen involved are important, for 
example. Gram-positive organisms such as coagulase-negative staphylococci (CoNS) and 
Staphylococcus aureus are main causative organisms due to their occurence on skin and 
mucous membranes and their adherence capability, but in recent years CRIs involving 
Gram-negative microorganisms and fungi have been increasingly observed, especially in 
immunocompromised patients. Thus, modern preventive strategies must not only aim at 
Gram-positive bacteria as the most frequent isolated organisms, but must also take into 
account Gram-negative bacteria and fungi. Although CRIs occur in immunocompromised 
as well as in immunocompetent hosts, immunosuppression of a patient is an important 
risk factor for CRI in terms of severity and outcome. Other patient risk factors include 
extremes of age, burns and other major trauma, major skin lesions, and severe underlying 
diseases. 

The catheter itself, with its specific properties, may also play a particular role in the 
generation of associated infection. In addition to the chemical composition, surface 
topography, and thrombogenicity of a specific material, the type of catheter and its 
particular application may display different risks for CRI. 

Additional important factors that can influence the risk for CRI are insertion 
technique, location of catheter placement, hygienic care of catheters, frequency of 
manipulations at the catheter system, duration of catheterization, etc. Some of these 
factors may significantly contribute to CRI, as has been pointed out by a variety of 
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clinical studies and will be addressed more intensively in the next part of the chapter. A 
summary of the most important risk factors discussed so far is given in Table 1. 

Pathogenesis 

There are three principal routes by which microorganisms may adhere to and colonize an 
IV catheter (1): 

1. Colonization by migration along the external catheter surface to the catheter tip. 
2. Colonization by contamination of the catheter hub or the infusate along the internal 

catheter surface. 
3. Hematogenous spread of microorganisms from a distant site of infection. 

Although the first pathway seems to be the most frequent one in the pathogenesis of CRI, 
the other two routes are important also with regard to preventive measures, and current 
prevention strategies must consider all the different pathways. Most of these are 
“hygienic” measures and will be discussed later in detail. Strategies aimed at the catheter 
material have been developed in recent years and require a basic understanding of the 
mechanisms by which microorganisms adhere to and colonize a catheter. Therefore, 
some of the principal adherence and colonization mechanisms will be discussed here. 

There is evidence from many investigations that adherence to medical devices (mainly 
synthetic polymers) is the first and most important step in the pathogenesis of foreign-
body-associated infection (10–12). This holds true also for CRI. Accumulation on the 
polymer surface, production of extracellular substances by microorganisms (slime, 
glycocalix), and involvement of host factors (e.g., blood and tissue proteins, platelets) 
lead to the formation of a compact matrix (biofilm) on a device surface that is able to 
interfere with host defense mechanisms and resist antibiotic attack (12,13). 

Principally, the mechanisms of microbial interaction with synthetic surfaces can be 
divided into unspecific and specific mechanisms (11). Unspecific interactions will 
dominate if microorganisms adhere to a native, uncoated catheter surface in the absence 
of specific host factors, e.g., the adherence of Staphylococcus epidermidis to a pure 
polymer in a protein-free medium. These unspecific mechanisms include van der Waals 
forces and electrostatic and hydrophobic interactions, and have been extensively studied 
in a large number of investigations (10, 11). Unspecific adherence can be described either 
by using the DLVO model or by a thermodynamical approach, provided that specific 
physicochemical features of the microcorganisms, the properties of the solid surface 
(medical device), and the prop-erties of the surrounding medium are known or can be 
determined experimentally. Regarding CRI, unspecific adherence of skin microorganisms 
(e.g., S. epidermidis) to a native catheter surface may only occur very early, at the time of 
insertion. After insertion, however, virtually all foreign-body materials soon become 
coated by glycoproteins derived from fluid or matrix phases containing fibrinogen, 
fibronectin, collagen, and other proteins (10, 14). This coating process leads to a fibrin 
sheath or, more generally, to a biofilm around the catheter, resulting in a major change of 
the physicochemical properties of the surface. It is well known that S. aureus binds to 
plastic surfaces via fibronectin as a mediator of adherence (15, 16), but mediator-
dependent adherence has been shown also for CoNS. Blood platelets seem to play 
another major role, especially in the adherence of S. aureus (17, 18). Further, specific 
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factors on the bacterial surface of CoNS have been elucidated as adhesins (19–22), e.g., 
polysaccharide intercellular adhesin (PIA) (23) and an accumulation-associated protein 
(AAP) (24). Discovering the genetic basis for the expression of PIA has led to more 
insight into the complex nature of specific adherence, especially of CoNS (25). This and 
other recent findings in the molecular pathogenesis especially of staphylococci are 
discussed in detail in Chapter 7. 

 

Table 1 Risk Factors for Catheter-Related Infection 
(CRI) 

Patient factors • Extremes of age 

  • Burns, trauma 

  • Surgical patient, ICU patient 

  • Immunocompromised patient 

  • Severe skin lesion 

  • Severe underlying disease 

Catheter • Chemical composition (e.g., PVC) 

  • Surface topography 

  • Thrombogenicity 

  • Type (steel cannula, peripheral, central venous, etc.) 

Catheterization and catheter care • Insertion technique 

  • Skill of medical personnel 

  • Access route 

  • Duration of placement 

  • Catheter dressing 

  • Interval of catheter and infusion system exchange 

  • Frequency of manipulations 

  • Kind of medicaments administered (e.g., parenteral nutrition) 

Basic Approaches for the Prevention of CRI 

Considering that microbial adherence is an essential step in the pathogenesis of foreign-
body infection and CRI, inhibition of adherence appears to be a very attractive approach 
for prevention. All important steps in the pathogenesis—such as adhesion, accumulation, 
and biofilm formation—represent possible targets against which prevention strategies 
may be directed (Table 2). Although there is now a more detailed insight into the 
molecular pathogenesis of device-related infection, this has not yet led to strategies 
directed against specific adherence mechanisms, especially because it is as yet unkown 
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whether a specific adhesin (e.g., protein, polysaccharide) is genus- or species-specific, or 
merely strain-specific. Therefore, most of the recently developed strategies have focused 
on the modification of medical devices, especially catheters. 

Alteration of the material surface (e.g., of a polymeric catheter) leads to a change in 
specific and unspecific interactions with microorganisms. In a previous study we showed 
for a large series of different modified polymers—each with unique physicochemical 
properties—that the unspecific adherence of S. epidermidis KH6 could not be inhibited 
by surface modification, although that was thermodynamically predicted (26). We 
hypothesized that there is a certain “minimum of bacterial adherence” that is independent 
of the nature of the device surface. Nevertheless, surface modification of polymeric 
medical devices may lead to a reduced microbial adherence via altered interactions with 
proteins and platelets. 

Table 2 Possible Strategies Directed Against 
Specific Factors in the Pathogenesis of CRI 

Step in 
pathogenesis 

Possible preventive strategy 

Antiadhesive surfaces by polymer surface modification 

Inhibition of specific adherence mechanisms 

Adhesion 

Antimicrobial devices 

Inhibition of specific factors involved in accumulation, e.g., antibodies 
against PS/A, AAP 

Accumulation 

Antimicrobial devices 

Antimicrobial devices 

Interference with quorum sensing 

Biofilm formation 

Electrical current, ultrasound+antimicrobials 

The development of so-called antimicrobial polymers aims predominantly at the 
prevention of microbial colonization rather than microbial adherence. Catheters or parts 
of the catheter system containing antibiotics, disinfectants, or metals have been evaluated 
experimentally or in clinical trials, and are in part commercially available and already 
used in clinical applications. Destruction of the biofilm by enzymes or ultrasound plus 
subsequent antibiotic therapy, as well as the electrical enhancement of antibiotic 
penetration through biofilms (27–30), are therapeutic strategies rather than preventive 
measures and will be discussed elsewhere in this book. 

 

 

Catheter-related infections     84



PREVENTION STRATEGIES AIMED AT CATHETERIZATION 
AND CATHETER CARE 

As was pointed out in the previous section, there is a variety of risk factors for CRI, and 
due to the particular pathogenesis, there exist several possible routes by which a catheter 
can become contaminated and thus infected. It is the goal of this chapter to review current 
prevention strategies that are directed against some of the most important risk factors and 
are mainly based on hygienic principles. Concerning infection control measures, in the 
last three years actual guidelines for the prevention of CRI have been published in the 
United Kingdom, the United States, and in Germany (9, 31, 32). These guidelines are 
evidence-based and the recommendations given are categorized, differentiating between 
strong and less-strong recommendations, unresolved issues, recommendations that are 
required by law. More or less, they comprise all of the issues important for the prevention 
of CRI. The key features of measures applicable to almost all kinds of intravascular 
catheters are presented in the following section. For a more detailed insight, the reader is 
referred to the respective guidelines. 

Catheter Insertion 

Education of Medical Personnel 

Continuing education of health care workers involved in catheterization has been shown 
to be of benefit in preventing CRI. Sherertz et al. reported that a one-day course on 
infection control practices and on procedures of vascular access insertion was shown to 
reduce the infection rate by 73%, from 3.3 to 2.4 per 1000 CVC days (33). Eggiman et al. 
recently showed a 64% decrease in the incidence density of exit-site catheter infection 
and a 67% decrease in BSI after implementation of a global strategy targeted at the 
reduction of CRIs in critically ill patients. Moreover, the incidence density of all 
nosocomial infection was reduced by 35% (34). 

Indication for Catheterization 

An important measure to help avoid CRI is to question whether a patient needs an IV 
catheter any longer. With a catheter in place—especially a central venous catheter—the 
indication to continue catheterization should be made daily, because it has been shown 
from various studies that the cumulative risk of CRI increases with prolonged 
catheterization, even though the incidence per catheter day does not change (35−38). 
Also, there may be clinical situations in which a patient needs only short-term peripheral 
IV access, which carries a lower risk of infection. Thus, efforts to minimize the duration 
of catheterization—if possible—could be beneficial to reducing the risk of CRI. 

Catheter Type and Material 

It was emphasized that in an individual situation, the choice of the catheter type (e.g., 
peripheral instead of central) may be of benefit in order to avoid CRI. When using steel 
cannulae rather than polymeric catheters for short-term access, due to their low adherence 
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properties, the possible advantage must be weighed against the risk of infiltration of 
intravenous (IV) fluids into the subcutaneous tissue (39, 40). On the basis of several 
studies, some recommendations for the choice of the appropriate catheter type can be 
given. Concerning the basic polymer material, it has been shown that polyvinylchloride 
(PVC), and even polyethylene are unsuitable, due to their higher thrombogenicity and 
vulnerability for infection (41–45). Catheters made from silicone, polyurethane, or 
fluoropolymers are thus preferable (39). A study by Sherertz et al., however, 
demonstrated an increased risk for infection also with silicone catheters (46). 

The all-purpose, multilumen catheter is frequently used in many ICU units, although 
in a number of cases single-lumen catheters could also be used. It is yet unclear if there is 
a greater risk associated with multilumen catheters (47–49), but single-lumen catheters 
should be applied for longer periods whenever possible, as well as for cost reasons. If it is 
anticipated that a catheter will remain in place for more than one or two months, the 
implan-tation of a tunnelled, cuffed catheter (Hickman or Broviac) or a totally 
implantable catheter system (e.g., Port-a-Cath™) should be considered, because their use 
is associated with a significantly lower risk for CRI than with other types of CVCs. 

The value of antimicrobial catheters in preventing CRI and actual recommendations 
on their use will be discussed later in this chapter. 

Catheter Insertion Site 

The location of IV access may influence the patient’s risk for CRI, the density of skin 
flora at the catheter insertion site being the crucial parameter. Although no study has 
satisfactorily elucidated different infectious risks for jugular, subclavian, or femoral 
access, the jugular vein—especially the internal jugular vein (36)—is supposed to be 
associated with a lower risk of mechanical complication but a higher risk of infection. 
The opposite holds for the subclavian vein (50–52). Therefore, in adult patients the 
subclavian route should be preferred due to its lower rate of infectious complications. For 
patients in whom the jugular or subclavian site cannot be used, the femoral vein access 
site can be an alternative (53, 54), but the risk for deep venous thrombosis is higher with 
femoral vein insertion (55). In pediatric patients, the femoral route has been associated 
with fewer mechanical complications and an infection rate equivalent to that of 
nonfemoral access (56, 57). 

Aseptic Measures and Barrier Precautions 

With each IV catheterization, the intact skin’s barrier against microorganisms is locally 
penetrated, and the catheter itself acts as a port of entry for microbes into the 
bloodstream. Thus, it is mandatory that strict antiseptic and aseptic conditions are 
followed during insertion of a catheter. This is valid for all types of catheters, but 
especially for central venous catheters. Handwashing with an antiseptic solution 
(preferably alcohol) should precede each catheterization and is also of great importance 
for each later manipulation of the catheter or tubing system. Use of sterile gloves is 
strictly recommended with central venous catheters and should even be taken into 
consideration during insertion of peripheral IV catheters in highly immunocompromised 
patients. 
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The benefit of using maximal sterile barrier precautions to reduce the risk of CRI has 
been elucidated in two studies. In one study it was shown that the use of masks, caps, 
sterile gloves, gowns, and a large drape during insertion of nontunnelled, noncuffed 
central venous catheters leads to a more than sixfold reduction in catheter-related 
septicemia, compared to a control group in which only sterile gloves and small sterile 
drapes were used (58). In the other study, on Swan-Ganz pulmonary artery catheters, the 
application of such barrier precautions was associated with a twofold lower risk of 
infection (59). It is concluded that these measures are cost-effective, beneficial to the 
patient, and thus strongly recommended, at least for the insertion of central venous 
catheters. 

IV Teams 

The skill of the person or the team performing catheterization is an important factor 
contributing to minimize the risk of CRI. A number of studies have shown that catheter 
insertion and catheter maintenance by a team of specially trained physicians, technicians, 
and nurses is associated with a lower risk of CRI and proves to be highly cost-effective 
(60–65). Thus, a considerable number of hospitals in the United States have established 
such teams, whereas in most European countries IV teams are rarely instituted. The 
implementation of specially trained personnel is undoubtedly of benefit, but 
understaffing, on the other hand, might be an additional risk factor for CRI, as was 
demonstrated in a study by Fridkin et al. (66). The impact of a sufficient staffing level of 
educated medical personnel on the quality of care, and thus on infection rates, has been 
confirmed in a more recent study by Needleman et al. (67). 

Cutaneous Antisepsis 

Because of the particular pathogenesis of CRI, skin disinfection at the insertion site is 
mandatory, since contamination of the catheter by the patient’s own microflora during 
insertion is supposed to be one of the major causes of infection. However, even strict 
cutaneous antisepsis is not able to reduce all the resident flora, especially in deeper skin 
areas. Current protocols in the United States and in the United Kingdom emphasize the 
use of 2% chlorhexidine-based preparations, as a result of comparative investigations of 
chlorhexidine with, e.g., PVP-iodine (32, 68–72). Although chlorhexidine seems to be 
superior for cutaneous antisepsis in catheterization (73), alcoholic antiseptics are 
frequently used for this purpose in Germany and other European countries. As with every 
antiseptic or disinfectant, the recommended concentrations and duration of the 
application have to be carefully followed to obtain maximum success. 

Antimicrobial Prophylaxis 

Systemic antimicrobial prophylaxis during catheter insertion is still a controversial issue. 
In two trials, one-randomized and one nonrandomized (74, 75), a reduction of CRI was 
demonstrated, whereas other controlled studies showed no benefit (76–79). Recently, a 
systematic review of the prophylactic use of antibiotics prior to the insertion of tunnelled 
long-term CVCs revealed that the prophylactic use of vancomycin/teicoplanin decreased 
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the number of Gram-positive infections (80). Nevertheless, at present routine systemic 
administration of antibiotics prior to or during catheter insertion is not recommended.  

Catheter Care 

A general principle in catheter care is to restrict manipulations at the catheter or the 
infusion system to a necessary minimum (1, 81). Each health care worker managing 
patients with IV catheters (especially those in ICU) should always be aware that the 
catheter is a conduit of the bloodstream to the environment, with numerous risks of 
microbial contamination. Handwashing and wearing sterile gloves before each 
manipulation are essential, particularly in the case of central venous lines in high-risk 
patients. 

Catheter Site Dressings 

To protect the insertion site of a catheter properly and to have an opportunity to inspect 
the site daily for suspicion of infection, transparent dressings have been introduced. There 
has been some controversy in the literature regarding the benefits and shortcomings of 
such dressings compared with sterile gauze (82–86). In a former meta-analysis it was 
concluded that the risk of catheter tip infection is significantly increased by use of 
transparent rather than gauze dressings for both peripheral and central venous catheters 
(87). Accumulation of moisture under the polymeric dressing was associated with 
increased microbial contamination at the insertion site. Other studies, however, found no 
significant differences (85, 86, 88). The development of new dressings with high 
permeability and increased water vapor transmission rates, thus allowing no penetration 
of moisture and microbes from the outside but permitting the evaporation of water vapor, 
has further minimized the risk of moisture build-up under the dressings (89). Thus, in the 
current U.S., U.K., and German guidelines the use of either transparent or gauze 
dressings is recommendend. 

Replacement of the dressing is necessary if it has become damp, loosened, or soiled 
(9). Especially for short-term central venous catheters (including hemodialysis and 
pulmonary artery catheters), gauze dressings should be replaced every two days and 
transparent dressings at least every seven days, whereas dressings used on implanted or 
tunneled CVC sites should be replaced no more than once a week. 

Topical Antimicrobials 

To minimize the risk of microbial ascension from the insertion site along the catheter 
surface, topical antimicrobials have been applied. Results with a polyantibiotic ointment 
consisting of polymyxin, neomycin, and bacitracin were indeterminate (90), whereas on 
the other hand its use was associated with an increased frequency of Candida catheter 
colonizations. 

The use of topical polyvinylpyrrolidone-iodine (povidone-iodine) on the catheter site 
seems to be of benefit in patients with hemodialysis catheters (91, 92). However, the 
most beneficial effects were observed among the group of nasal carriers of S. aureus. 
Mupirocin, which is mainly applied for the eradication of methicillin-resistant S. aureus 
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in nasal carriers, has also shown some success in the reduction of CRI, used either as 
local treatment or to decontaminate nasal staphylococcal carriage in hemodialysis 
patients (93–95). However, prolonged use of mupirocin ointment may lead to the 
development of mupirocin resistance in both coagulase-negative staphylococci (CoNS) 
and S. aureus (96, 97). Furthermore, mupirocin may exhibit a negative effect, at least on 
polyurethane catheters (98, 99). 

Studies with other antibiotic iontments have also led to conflicting results (90, 100, 
101). Thus, except for hemodialysis patients (9, 32), the routine application of topical 
antimicrobials on the catheter site is not recommended. 

Replacement of Catheters and Administration Sets 

A frequently arising question in catheter care and still a matter of debate is how long a 
particular catheter can be left in place if no infection is suspected. It must be emphasized 
again that the responsible physician should assess daily whether a catheter is further 
needed. If a catheter is no longer necessary, it should be removed to avoid possible 
complications such as infection. Furthermore, most guidelines recommend that catheters 
inserted in emergency situations should be replaced as soon as possible, e.g., within 24–
48 hours. 

In case of peripheral IV catheters, the U.S. guidelines still emphasize a routine 
replacement every 72–96 hours to reduce the risk of phlebitis (9). However, in recent 
studies it was shown that the risk of phlebitis and infection is not increased if the 
catheters are not exchanged routinely (102–104). Thus, in the recently published German 
guideline a routine replacement of peripheral IV catheters is no longer recommended 
(32). 

Concerning central venous catheters, two clinical trials could not demonstrate a 
benefit in regard to infection rates if central venous catheters were replaced at scheduled 
time intervals, compared to changing a catheter only if necessary (105,106). Bonawitz et 
al. found no significant differences in catheter colonization between CVCs that were 
replaced on day 3 or on day 7 (107). 

In a literature review, scheduled guidewire exchanges as a tool to prevent CRI did not 
result in lower infection rates (108). It is now common practice to change a 
malfunctioning central venous catheter over a guidewire by the Seldinger technique. The 
main purpose is to avoid complications associated with the new venous puncture (e.g., 
pneumothorax and other mechanical complications) and to have a new catheter in place 
quickly, especially in high-risk patients with limited IV access. There have been a 
number of studies on the benefits and shortcomings of the Seldinger technique versus 
new venous puncture (105, 109–111), but up to now it has not been conclusively 
demonstrated whether or not a guidewire exchange leads to increased infection rates. 
Nevertheless, replacement of a central venous catheter by the guidewire technique in the 
presence of known infection is not regarded as an acceptable strategy. In the actual U.S. 
guideline, use of the Seldinger technique is recommended for the exchange of a 
malfunctioning catheter in the absence of infection, or in selected patient situations. 
Concerning replacement recommendations for the other types of intravascular catheters, 
or in pediatric patients, the reader is referred to the respective chapters in this book that 
discuss specific catheters.  
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The exchange interval for administration sets is in most U.S. hospitals every 72 hours, 
based on controlled trials (112–114). Exceptions are the administration of blood products, 
lipid emulsions, and total parenteral nutrition (115–120). In those cases the 
administration systems should be replaced more frequently, e.g., within 24 hours. 
Infusions of lipid emulsions alone should be completed within 12 hours of hang time, and 
those of blood and blood products even in 4 hours (9) (German guideline: 6 hours). 

In-Line Filters 

To minimize the risk of CRI due to extrinsic contamination by the infusate, in-line filters 
with a pore size of 0.22–0.45µm have been proposed as a means of retaining bacteria and 
endotoxins, (121, 122). In-line filters are able to reduce the incidence of infusion-related 
phlebitis (123, 124). However, most of them are not able to prevent the passage of 
endotoxins; they frequently have to be exchanged and may become blocked, with an even 
higher risk of contamination. Because of the relatively high costs associated with their 
use, along with doubtful benefit for minimizing CRI, they cannot be recommended for 
routine use to prevent CRI at present (9, 32, 81). 

Other Measures 

Because thrombosis and fibrin deposits on the catheter surface might enhance microbial 
adherence and thus promote infection, anticoagulant flush solutions are frequently used to 
prevent catheter thrombosis. In a meta-analysis, Randolph et al. (125) evaluated the effect 
of heparin prophylaxis (3 U/ml in TPN, 5000 U every 6 or 12 h flush, or 2500 U low-
molecular-weight heparin subcutaneously) in patients with short-term CVCs, showing 
that the risk of catheter-related central venous thrombosis can be reduced. However, no 
relevant difference in the rate for CR-BSI was observed. Because heparin solutions 
usually contain antimicrobial preservatives, a certain effect on the rate of CRI can also be 
expected. 

The addition of nontoxic, biodegradable antiseptics to IV fluids as a measure to avoid 
fluid contamination and thereby to minimize the risk of hub contamination was proposed 
in another study (126). Replacement of heparin in flush solutions by substances with 
intrinsic antimicrobial activity, such as EDTA, might be of further benefit in reducing the 
risk of catheter-related bacteremia (127). Raad et al. (128) have proposed the use of 
minocycline plus EDTA as a lock solution because of the antibiofilm properties of this 
combination. However, no randomized trials with this approach have been conducted so 
far. Three further studies in neutropenic patients with long-term catheters have shown the 
usefulness of flushing and filling the catheter lumen with antibiotic solution and allowing 
it to dwell in for a certain time (antibiotic lock) (129–131). In a recent article, Allon (132) 
reported the efficacy of an antibiotic lock solution, comprising taurolidine and citrate, in 
increasing the bacteremia-free survival of catheters at 90 days in patients undergoing 
hemodialysis (94% versus 47% in the control group, p<0.001). In the current guidelines, 
routine use of antibiotic lock solutions for the prevention of CRI is not recommended. 

The risk of phlebitis due to the administration of certain drugs (e.g., potassium 
chloride, lidocaine, antimicrobials) may be reduced by using intravenous additives such 
as hydrocortisone (133, 134). The topical application of glyceril trinitrate or 

Catheter-related infections     90



antiinflammatory agents such as cortisone near the catheter site has effectively reduced 
the incidence of infusion-related thrombophlebitis, and thus has increased the life span of 
the catheters (135–137). However, the mechanism by which transdermal glyceryl 
trinitrate acts in preventing infusion phlebitis is still unclear, and further studies on the 
mechanism, efficacy, and cost-effectiveness of glyceryl trinitrate and other substances are 
needed before a general recommendation for such measures can be given. 

Surveillance 

In daily routine, the catheter site has to be inspected visually or by palpation for signs of 
infection. All data concerning insertion and maintenance of a catheter should be 
documented in a standardized form. Catheter tips should be microbiologically cultured 
only if CRI is suspected. 

Because skin colonization is thought to be an important risk factor for CRI, a few 
studies have dealt with surveillance cultures of skin and hub to find correlations between 
the extent of contamination and the development of CRI (138–140). However, despite a 
sensitivity of approximately 80%, the positive predictive value was only 44% in one 
study (139), and further studies are needed to evaluate the significance of surveillance 
cultures in the diagnosis and prevention of CRI. 

Maki suggested surveillance of intravascular device-related bacteremias as a valuable 
tool in infection control, provided all blood isolates—especially CoNS—are identified to 
species level, the antibiotic phenotype is determined by standardized methods, and 
bloodstream isolates are saved for two years to be available for future epidemiological 
studies (141). 

Documentation of catheter-related bloodstream infection rates according to defined 
criteria, and comparison of the data with the infection rates of other comparable hospitals 
and wards, are also essential in order to recognize any trends regarding increase or 
decrease of CRI and CRI-BSI in a given unit. Data from the National Nosocomial 
Infections Surveillance (NNIS) system revealed that between 1990 and 1999 bloodstream 
infection rates decreased in medical (nonsurgical) ICUs by 44%, in pediatric ICUs by 
32%, and in surgical ICUs by 31% (142). If one assumes that 80–90% of bloodstream 
infections are line-associated, this decrease can be traced to a substantial decrease in CRI. 
More recently, a German report by Zuschneid et al. (143) on infection rates in ICUs that 
participate in the German system for surveillance of nosocomial infections (KISS) 
showed a decrease in primary BSIs from 2.1 to 1.5 per 1000 CVC days, corresponding to 
an overall relative reduction of 28.6% during a two-year observational period in a total of 
84 ICUs. Although reasons for this reduction are difficult to determine, in addition to new 
research findings, improved guidelines, intensified education of medical personnel, and 
introduction of specific prevention measures it is assumed that a modification of 
behaviour under surveillance is at least partially resonsible for the decrease in infection 
rates. Therefore, the authors concluded that surveillance is an important factor in 
infection control and should be recommended for ICUs everywhere. That conclusion is 
also supported by other studies on the influence of surveillance on infection rates (144, 
145). 
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Comparison of Current Guidelines 

In 2002, the revised U.S. guideline for the prevention and control of intravascular 
catheter-related infections was published (9), and replacing the former guideline from 
1996 (146). As was the case with its predecessor, this guideline is intended to provide 
evidence-based recommendations for the prevention of CRI and to address medical 
personnel involved in catheter insertion and catheter care, as well as persons responsible 
for surveillance and control of infections in hospitals, outpatient facilities, and home 
health-care settings. This guideline was prepared by a group of expert professionals from 
various fields, e.g., critical care medicine, infectious diseases, health-care infection 
control, surgery, anaesthesiology, interventional radiology, pulmonary medicine, 
pediatrics, and nursing. The recommendations are divided into categories I A–C, II, and 
“unresolved issue” (Table 3) to inform the user on the strength of the respective 
recommendations. 

The recently published German recommendations provided by the Commission for 
Hospital Hygiene and Infection control at the Robert Koch-Institut (RKI) (32) are similar 
to the U.S. guideline. They are evidence-based and also use categorized 
recommendations (Table 3). A separate chapter is provided for each different catheter 
type (peripheral catheters, CVCs, arterial and pulmonary artery catheters, hemodialysis 
catheters, umbilical catheters, partially and totally implanted catheters) and for infusion 
therapy in general. 

The U.K. guideline, “Preventing Infections Associated with Central Venous 
Catheters,” dates from the year 2001 and is part of the general guidelines for preventing 
hospital-acquired infections that are part of the  

Table 3 Categories for the Grade of 
Recommendations Used in Different National 
Guidelines for Prevention of Catheter-Related 
Infections 

Guideline Grade of recommendations 

Category IA: Strongly recommended for implementation and strongly supported by 
well-designed experimental, clinical, and epidemiological studies 

Category IB: Strongly recommended for implementation and strongly supported by 
some experimental, clinical, and epidemiological studies, and a strong theoretical 
rationale 

Category IC: Required by state or federal regulations, rules, or standards 

Category II: Suggested for implementation and supported by suggestive clinical or 
epidemiological studies or a theoretical rationale 

U.S.A. 

Unresolved issue: Represents an unresolved issue for which evidence is insufficient or 
no consensus regarding efficacy exists 

U.K. Category 1: Generally consistent findings in a range of evidence derived from a 
majority of acceptable studies 
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Category 2: Evidence based on a single acceptable study, or a weak or inconsistent 
finding in multiple acceptable studies 

Category 3: Limited scientific evidence that does not meet all the criteria of 
“acceptable studies,” or an absence of directly applicable studies of good quality. This 
includes published expert opinion derived from systematically retrieved and appraised 
professional, national, and international guidelines 

 

Note: All recommendations are endorsed equally and none is regarded as optional, 
independent from the category 

Category IA: Strongly recommended for implementation in all hospitals, supported by 
well-designed experimental or epidemiological studies 

Category IB: Strongly recommended for implementation in all hospitals, supported by 
expert opinions and consensus opinion of the Commission of Hospital Hygiene at the 
Robert Koch-Institute (RKI) 

Category II: Recommended for implementation in most hospitals, based on clinical 
and epidemiological studies, or on a theoretical rationale 

Category III: No recommendation or unresolved issue; measures with unproven 
efficacy or with no consensus opinion 

Germany 

Category IV: Measures required by law, rules, or standards 

Table 4 Selected Recommendations for the 
Prevention of Catheter-Related Infections: 
Comparison of Three National Guidelines 

Preventive measure U.S.A. U.K. Germany 

Catheter insertion       

Education of medical personnel Yes — Yes 

Catheter type and material       

Preferential use of single-lumen catheters Yes Yes Yes 

Preference of PUR and Teflon catheters — — Yes 

Use of antimicrobial catheters in high-risk adult population 
when other preventive measures have not decreased 
infection rates 

Yes Yes Unresolved issue 

Catheter insertion site       

Choice of subclavian rather than jugular or femoral vein for 
CVCs 

Yes Yes Yes 

Preparation of insertion site with chlorhexidin-containing 
antiseptics 

Yes Yes No preference of 
CHX 

Use of maximum sterile barriers during insertion of CVCs Yes Yes Yes 

Use of specially educated personnel(IV teams) Yes — — 
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Antimicrobial prophylaxis No No No 

Catheter care       

Catheter site dressings       

Use of either gauze or transparent dressings Yes Yes Yes 

Exchange of damp, dirty, or loosened dressings Yes Yes Yes 

Use of topical antimicrobials No No No 

Replacement of catheters and administration sets       

Exchange of peripheral IV catheters every 72–96 h Yes — No routine 
exchange 

No routine exchange of nontunneled CVCs Yes Yes Yes 

Removal of a catheter no longer needed Yes Yes Yes 

Exchange of administration sets every 72 h Yes Yes Yes 

Exchange of administration sets within 24 h if lipids or 
blood (products) are administered 

Yes Yes Infusion time for 
lipids 12 h, blood 6 

h 

Use of in-line filters No — No 

Surveillance       

Daily inspection of catheter site Yes — Yes 

Recording of operator, date, and time of catheter insertion, 
dressing changes and removal 

Yes — — 

Documentation of infection rates of CR-BSI according to a 
standardized protocol with accepted definitions for CRI 
allowing interhospital comparison. 

Yes — — 

Source: Refs. 9,31,32. 

“Epic Project: Developing National Evidence-Based Guidelines for Preventing 
Healthcare-Associated Infections” (31). The evidence of the recommendations is graded 
in categories 1–3 (Table 3), but all recommendations are endorsed equally and none is 
regarded as optional. They are divided into seven distinct interventions, namely, selection 
of catheter type and insertion site; aseptic technique during catheter insertion; cutaneous 
antisepsis; catheter and catheter site care; catheter replacement strategies; and antibiotic 
prophylaxis. 

Since most of the recommendations in all three of the aforementioned guidelines are 
based on the same evidence from the literature or on expert opinions, they do not differ 
very much one from the other. The most relevant differences among these actual national 
guidelines are summarized in Table 4. 
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PREVENTION STRATEGIES AIMED AT THE MODIFICATION 
OF CATHETERS AND RELATED DEVICES 

In Section II of this chapter, the basic considerations regarding prevention of CRI by 
developing innovative catheter systems have been discussed. It seems obvious that due to 
the particular pathogenesis of CRI, approaches directed against the bacterial colonization 
of a device are very promising. Catheters made out of a material that is antiadhesive, or at 
least colonization-resistant in vivo, would be the most suitable candidates to avoid 
colonization and subsequent infection. In the last 15–20 years there have been a large 
number of studies dealing with this problem, in part using different strategies. A general 
overview is given in Table 5. Most of the studies have been performed with intravascular 
catheters. A few studies have dealt with the development of infection-resistant CAPD, 
ventricular, or urinary catheters and will be discussed at the end of this section, together 
with modified devices that are used along with catheterization such as cuffs or hubs—but 
are not actually catheters themselves. 

Experimental Approaches 

Antiadhesive Polymer Materials 

The most attractive approach to obviating foreign body-associated infections, and in 
particular CRI, would be to develop a medical material that proves to be resistant to 
microbial adherence, even after insertion into the bloodstream and despite the ever-
occurring interactions of the device surface with host factors such as proteins and cells. 
There is evidence that the intrinsic properties of a material might be of advantage 
regarding resistance to infection. Thus, improvement of the surface texture, tailoring the 
protein adsorption characteristics, and improving the antithrombogenicity of a given 
material would be key features in the development of innovative, infection-resistant 
materials. However, this goal has not yet been reached satisfactorily. 

Several research groups have tried to develop polymers with new surface properties 
leading to a reduction of bacterial adhesion. Bridgett et al. studied the adherence of three 
isolates of S. epidermidis to polystyrene surfaces that were modified with a copolymer of 
polyethylene oxide and polypropylene oxide (147). A substantial reduction in bacterial 
adhesion was achieved in vitro with all surfactants tested. Similar results were found by 
Desai et al., who investigated the adhesion of S. epidermidis, S. aureus, and 
Pseudomonas aeruginosa to polymers that were surface-modified with poly(ethylene 
oxide) (148). They observed reductions in adherent bacteria between 70 and 95%, 
compared to the untreated polymer. A photochemical coating of polymers was used by 
Dunkirk et al., demonstrating that the coating reduced adhesion of a variety of bacterial 
strains (149). Tebbs et al. compared the adherence of five S. epidermidis strains to a 
polyurethane catheter and to a commercial hydrophilic, coated polyurethane catheter 
(Hydrocath™) (150). Adhesion of three strains to the coated catheters was considerably 
reduced. Bacterial coloniziation was further reduced by the addition of benzalkonium 
chloride to a hydrophilic polyurethane (Hydrocath™) catheter (151). Our own 
approaches to develop anti-infective materials involved the modification of polymer 
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surfaces by radiation or glow discharge techniques. For example, 2-
hydroxymethylmethacrylate (HEMA) was covalently bonded to a polyurethane surface 
by means of radiation grafting, leading to a reduced in vitro adhesion of S. epidermidis 
(152, 153).  

 

Table 5 Prevention Strategies Aimed at 
Modification of Catheters and Devices 

A. Catheters and devices used in modification processes 

Intravascular catheters 

Urinary catheters 

Ventricular catheters 

CAPD catheters 

Catheter hub 

Cuffs 

Dressings 

Tubing systems 

B. Process of modification 

Modification of basic polymers (antiadhesive polymers) 

Incorporation or superficial bonding of antimicrobial substances (antimicrobial polymers) 

• antibiotics 

• antiseptics 

• metals with antimicrobial activity  

More recent work on surface modification of polymer materials to prevent bacterial 
adhesion involved the use of sulfonated polyethylene oxide as a surfactant in a 
polyurethane (154), or the introduction of glycerophosphorylcholine as a chain extender 
in polyurethane (155). Both approaches lead to increased water uptake and to lower 
bacterial adhesion. An overview mainly of experimental research on the surface 
modification of polymers, and on binding macromolecules such as albumin to surfaces in 
order to prevent bacterial adherence, is given in Refs. (156, 157). 

So far none of such modified polymers has been used in clinical applications, with the 
exception of the hydrophilic, polyvinylpyrrolidone-coated Hydrocath™ catheter based on 
polyurethane. Its relatively low thrombogenicity and low in vitro bacterial adherence 
should be of benefit also in regard to infection resistance, but this has not yet been 
demonstrated in a clinical trial. 

A major disadvantage of all the previously described approaches, which aim primarily 
at the modification of the surface properties of basic materials for catheters or related 
devices, is the fact that—for thermodynamical reasons—the creation of surfaces that 
show a “zero” adhesion is probably not feasible. We have demonstrated in an 
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experimental study, which investigated the relationship between bacterial adhesion and 
the free surface enthalpy of adhesion of a large number of differently modified polymers, 
that it obviously seems to be impossible to develop a polymer surface that shows an 
absolute bacterial “zero” adherence in vitro (26). Hence, in our opinion it seems 
impossible to design an absolute antiadhesive material that retains its properties even in 
the more complex in vivo situation, in which the native surface properties are masked by 
adsorption of bacterial and host components. 

Incorporation of Antimicrobial Agents 

The loading of medical polymers with antimicrobial substances, either for therapeutic or 
for preventive purposes, has a long tradition. The best known anti-infective, polymeric 
drug delivery systems are the polymethylmethacrylate (PMMA)-gentamicin bone cement 
and the PMMA-gentamicin beads (Septopal™) used for treatment of bone and soft tissue 
infections (158, 159). Yascular prostheses made of Dacron™ have been treated with 
various antibiotic substances to create infection-resistant grafts, but they have had no 
routine clinical application up to now (160–162). 

In recent years, catheters or parts of the catheter system have been coated with 
antimicrobial drugs, and some of these antimicrobial devices are already commercially 
available. The main principle of such devices is that an antimicrobial substance (e.g., an 
antibiotic, disinfectant, or metal ion) is bound superficially to a catheter—either directly 
or by means of a carrier—or incorporated into the interior of the polymer. If such a 
device comes into contact with an aqueous environment the drug is released into the near 
vicinity. The amount of the antimicrobial substance released is influenced by the 
processing parameters, loading dose, applied technique, molecular size of the drug, and 
the physicochemical properties of the polymeric device. A high antimicrobial 
concentration is reached (at least initially) in the very near vicinity of the device surface, 
mostly exceeding the MIC and MBC of susceptible organisms. Most such materials 
exhibit a release pattern according to first-order kinetics, with an initally high drug 
release and afterwards an exponential decrease of the released drug. However, more 
sophisticated drug-release systems with defined release kinetics have also been 
developed. 

It is not yet clear whether such a device is capable of inhibition of microbial adherence 
per se, but at least an elimination of already adherent microorganims should be achieved 
for the entire time the antimicrobial compound is being released in the necessary 
concentrations. Thus, such materials are especially suitable to prevent CRI in short-term 
catheters which originates from contamination during the insertion or from hub 
contamination. 

Antibiotics: There is a large number of studies on the bonding of antibiotics to 
biomaterials. Solovskiij et al. prepared polymers to which ampicillin and 6-
aminopenicillanic acid were covalently bonded and which inhibited the in vitro growth of 
S. aureus (163). However, most studies have focused on the incorporation or superficial 
coating of antimicrobials rather than on covalent bonding by chemical reaction. For 
example, Sherertz et al. used a rabbit model to investigate intravascular catheters coated 
with several antimicrobial compounds (dicloxacillin, clindamycin, fusidic acid, and 
chlorhexidine) (164). The frequency of catheter infections was significantly reduced, 
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compared with the control group, when the dicloxacillin-coated catheter was used. We 
have investigated the incorporation of flucloxacillin, clindamycin, and ciprofloxacin into 
polyurethane polymers and have demonstrated a considerable reduction in the in vitro 
adherence of S. epidermidis (152, 165). As a further approach, a commercially available 
central venous, hydrophilic-coated polyurethane catheter (Hydrocath™) was loaded with 
the glycopeptide teicoplanin (166, 167). In in vitro studies, as well as in a mouse model, 
the capability of this catheter to prevent colonization with S. epidermidis and S. aureus, 
respectively, for a period of at least 48 hours was proven, rendering the catheter suitable 
to prevent early-onset infection (166, 168). To extend the antimicrobial spectrum of such 
a catheter to include Gram-negative bacteria and fungi, a combination of teicoplanin with 
silver was incorporated into Hydrocath™-catheters, which exhibited considerable activity 
against S. epidermidis, Escherichia coli, and Candida albicans (169). 

Kamal et al. have evaluated the efficacy of a cefazolin-containing catheter in a 
prospective, randomized trial (170). Raad and Darouiche et al. reported on the efficacy of 
a central venous catheter coated with minocycline and rifampicin to prevent catheter-
related bacteremia (171). This commercially available catheter is already in clinical use 
and will be discussed later in further detail. More recent work on antibiotic-containing 
catheters has included the adsorption of cefamandole nafate on functionalized urethane 
catheters, which were then used to coat a commercial central venous catheter (172), or 
the use of an antibacterial substance (rifampin) in combination with an antifungal 
substance (miconazole) in a polyurethane catheter (173). 

A disadvantage of all those approaches might result from the risk of developing 
resistance against the antimicrobial agents, especially if antibiotics considered to be first-
line drugs in the therapy of infections are used as an active part of the modified catheters. 

Antiseptics: Antimicrobial substances that are different from antibiotics, such as 
antiseptics, have been used to develop new catheter materials. The disinfectant Irgasan™, 
for example, was incorporated into several polymer catheters and showed a reduction of 
infections in rabbits (174). We used the hydrophilic Hydrocath™ catheter to incorporate 
iodine, leading to a polyvinylpyrrolidone iodine-complex on the inner and outer catheter 
surfaces (175). In vitro adherence of various microorganisms (Staphylococcus spp., 
Escherichia coli, Candida sp., Pseudomonas sp.) was completely inhibited during the 
time of iodine release. After iodine exhaustion, reloading of the catheter was possible. 
Tebbs and Elliot incorporated benzalkonium chloride into triple-lumen Hydrocath™ 
catheters and demonstrated the long-lasting antimicrobial activity of the catheters against 
staphylococci, and a somewhat lesser activity against Gram-negative bacteria and C. 
albicans (151). 

The most promising development in this field in recent years was a catheter using a 
combination of an antiseptic (chlorhexidine) and silver-sulfadiazine. This catheter will be 
discussed in detail later. 

Metals  
: Among metals with antimicrobial activity, silver has raised the interest of many 

investigators because of its good antimicrobial action and low toxicity. Silver has also 
been used extensively for the development of infection-resistant urinary catheters as 
discussed later. 

Sioshansi et al. used ion implantation to deposit silver-based coatings on a silicone 
rubber surface, which thereafter demonstrated antimicrobial activity (176). Also, silver-
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copper surface films, sputter-coated onto catheter materials, showed antibacterial activity 
against P. aeruginosa biofilm formation (177). In more recent research, an ion beam 
technique applying low-implantation energy has been used for the formation of silver 
nanoparticles on the surface of polymers which exhibited an improved effect on bacterial 
adhesion (178). We developed an antimicrobial polymer by binding silver ions to an acid-
modified, negatively charged polyurethane surface (26). Another approach involved 
loading a hydrophilic polyurethane catheter with silver nitrate (179). Also, surface-coated 
polyurethane catheters with a silver surface thickness of 15–20 Å were investigated 
regarding their biocompatibility and antimicrobial efficacy, showing markedly decreased 
adherence of Gram-positive and Gram-negative microorganisms in vitro (180). 

Further interest has been raised in devices in which silver is distributed in the form of 
nanoparticles, or in combination with other elements such as carbon and platinum. The 
Erlanger silver catheter, for example, uses a microdispersed silver technology to increase 
the quantity of available ionized silver (181). The Oligon catheters are composed of 
polyurethane in which carbon, silver, and platinum particles are incorporated, which 
leads to an electrochemically driven release of silver ions in the outer and inner vicinity 
of the catheter surface. However, a peripherally implanted central catheter based on this 
technology (Olimpicc™, Vygon, UK, Ltd.,) has been withdrawn from the market, at least 
in Germany, due to mechanical problems associated with this type of catheter. A more 
recent development is the Oligon Vantex catheter (182), and other approaches include 
catheters with active iontophoresis technology, in which microorganisms are repelled by 
electrical current generated from a carbon-impregnated catheter (183), or where low-
amperage current is produced by two electrically charged parallel silver wires helically 
wrapped around the proximal segment of a silicone catheter (184). 

Clinical Studies with Antimicrobial Catheters 

Only few of the aforementioned approaches have led to the development of commercially 
available catheters (Table 6). The two currently best-known catheters that are also in 
clinical use—(preferably in the United States)—are the catheter containing chlorhexidine 
and silversulfadiazine (Arrowgard blue, Arrow International, USA) and the catheter 
containing minocycline and rifampin (Cook Spectmm, Cook Critical Care, USA). There 
is now a considerable number of clinical studies and meta-analysis reports that have been 
published concerning these catheters which will be discussed in the next section. 

Chlorhexidine-Silversulfadiazine (CHSS) Catheters 

This catheter, which became available approximately 10 years ago, is polyurethane-based 
and impregnated with minute amounts of chlorhexidine and silversulfadiazine 
(ArrowGard, Arrow International, USA). A synergistic effect of chlorhexidine and 
sulfadiazine has been shown in vitro (185). This first-generation CHSS catheter is coated 
only on the exterior surface and exhibits antimicrobial properties for approximately 15 
days. Since its introduction, more than 8 million of these catheters have been sold 
worldwide. Up to now there has been a considerable number of randomized clinical trials 
performed with this type of catheter. If one excludes studies published only as abstracts 
and those studies investigating only catheter colonization, and not  
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Table 6 Examples of Commercially Available 
Antimicrobial Intravascular Catheters 

Catheter trade name Manufacturer Principle 

ArrowGarda Arrow International, Chlorhexidine+ 

ArrowGard Plus USA Silversulfadiazine 

Cook Spectrum Cook Critical Care, USA Minocycline+Rifampin 

AMC Thromboshield Baxter, USA Benzalkoniumchloride-Heparin 

Vantex Oligon Edwards Life Sciences, USA Silver, Carbon, Platinum 
aOnly externally coated. 

CR-BSI, there remain at least 11 controlled trials, which is by far the greatest number of 
such studies available for an antimicrobial catheter (186–196). In the study with the 
greatest patient numbers, which also used molecular methods for the confirmation of CR-
BSI, the CHSS catheter was associated with a two-fold reduction in the incidence of 
catheter colonization and a fivefold reduction of CR-BSI (RR: 0.21, p=0.03) (192). As of 
2002, 6 metaanalyses or systematic reviews have been published (4, 197–201). Veenstra 
et al. (198) investigated randomized clinical trials with CHSS versus control catheters up 
to 1998 and found summary odds ratios for catheter colonization of 0.44 (95% 
confidence interval: 0.36–0.54, p<0.001) and of 0.56 for CR-BSI (95% confidence 
interval: 0.37−0.84, p=0.005). Also Mermel (4) concluded from an analysis of six 
prospective studies that short-term use of CHSS catheters reduces the risk for CR-BSI. In 
one study (191) with longer catheter dwelling times (mean duration 20 days), no such 
difference in the incidence of CR-BSI was observed, probably reflecting less 
antimicrobial efficacy over time due to a loss of activity to 25% of the baseline value 
after 10 days in situ. Because the first-generation CHSS catheters are coated only 
externally, with longer duration of placement also, colonization of the inner lumen due to 
hub contamination might be of greater relevance. For these reasons, a new second-
generation CHSS catheter which is coated both internally and externally and which 
exhibits enhanced chlorhexidine activity has recently been developed. Clinical trials with 
this new type of catheter are currently being performed.  

Development of resistance to chlorhexidine has been demonstrated in vitro (202). 
However, in vivo resistance to either chlorhexidine or silversulfadiazine associated with 
the use of the antimicrobial catheter has not yet been observed, although an outbreak of 
urinary tract infections with a multiple antibiotic-resistant and also chlorhexidine-
resistant Proteus mirabilis strain has been described, in which a broad use of 
chlorhexidine in the institution was assumed to be responsible for the chlorhexidine 
resistance (203). 

Anaphylactoid reactions, probably due to chlorhexidine have been reported, from 
Japan and from the United Kingdom (204). 
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Minocycline-Rifampin (MR) Catheters 

Raad et al. (171,205) reported about the broad-spectrum activity against Gram-negative 
and Gram-positive organisms and C. albicans of a minocycline-rifampin (MR) catheter 
based on in vitro and animal data. This catheter has been marketed as the Cook 
Spectrum™ catheter (Cook Critical Care, USA) and is coated on the inner and outer 
surfaces with minocycline and rifampin, which act either synergistically or additively in 
combination. In a prospective randomized clinical trial (206), the MR catheter was 
compared with an uncoated control catheter and demonstrated a statistically significant 
decrease in catheter colonization (8 versus 26% for the control catheter, p< 0.001) and in 
CR-BSI (0 versus 5%, p<0.01). In a large multicenter trial, the MR catheter was 
compared with the CHSS catheter (207). It was found that the antibiotic-coated catheter 
was three times less likely to be colonized (7.8 versus 22.6% for the CHSS catheter, 
p<0.001) and 12-fold less likely to lead to CR-BSI (0.3% versus 3.4%, p<0.002). This 
difference has been explained by the fact that MR catheters are coated internally and 
externally, in contrast to the first generation CHSS catheter, that the combination of 
minocycline and rifampin shows better surface activity than chlorhexidine, and finally 
that the MR catheters retain surface antimicrobial activity longer in situ (201). 

Although resistance against minocycline and rifampin could not be detected in clinical 
trials, this remains of concern because in vitro development of resistance has been 
demonstrated (208). 

Other Intravascular Antimicrobial Catheters 

Only a few clinical trials have been performed with antimicrobial catheters other than the 
CHSS or the MR catheter. Kamal et al. have evaluated the efficacy of a cefazolin-
containing catheter (in which cefazolin was bound to benzalkonium chloride) in a 
prospective, randomized trial (170). There was a significant sevenfold decrease in 
catheter colonization as determined by the semiquantitative tip culture method (209); no 
CR-BSI was observed in this study. In a more recent comparative study before and after 
the routine use of cefazolin catheters in the ICU, the authors reported a marked reduction 
in the rate of CR-BSI, from 11.5 to 5.1 infections per 1000 catheter days (210). 

Another interesting phenomenon was detected in a meta-analysis of prospective 
studies of Swan-Ganz pulmonary artery catheters (211). Heparin is now commonly 
bonded to the external surface of Swan-Ganz catheters to enhance their 
antithrombogenicity (212), and heparin-bonded catheters obviously showed a lower 
frequency of CRI. In in vitro studies it has already been demonstrated that coating with 
heparin reduces bacterial adherence, but it was assumed that the surfactant benzalkonium 
chloride, to which heparin is bonded, was mainly responsible for the anti-infective 
properties of these Swan-Ganz catheters. Thus, catheters coated internally and externally 
with benzalkoniumchloride (Becton Dickinson, UK) have been developed and were 
tested in two randomized trials (213, 214). In the study by Moss et al. (213), a reduction 
in catheter colonization of both internal and external surfaces was observed (21 coated 
catheters colonized versus 38 uncoated control catheters, p=0.0016), but a benefit for 
reducing CR-BSI could not be shown. In the study by Jaeger et al. (214), no differences 
in catheter colonization and incidence of CR-BSI between the coated and the uncoated 
catheters were seen. 
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A few more clinical studies have been performed with silver-containing intravascular 
catheters. In a randomized prospective study among hematooncological patients, a 
silversulfate-polyurethane catheter (Fresenius AG, Germany) was associated with a 
significantly lower rate of CR-BSI compared to the control group (10.2% versus 22.5%, 
p=0.01) (215). In three trials the Erlanger silver catheter, in which the silver is 
microdispersed, was evaluated (181,216,217). In the adult population, a reduction in 
catheter colonization and in “catheter-associated sepsis” was observed, but the authors 
used criteria for determining CR-BSI that differed from most other studies. A more recent 
clinical investigation failed to show a statistically significant difference in the 
colonization rate of the silver catheter compared to a control catheter (217). Ranucci et al. 
(182) compared the Vantex Oligon catheter, composed of silver, carbon, and platinum 
(Edwards Life Sciences, Irvine, CA), with a benzalkonium chloride-treated catheter 
(Edwards Life Sciences, Irvine, CA) in a prospective randomized trial. Use of the Vantex 
Oligon catheter decreased the rate for catheter colonization by 11%, while the rate for 
CR-BSI did not differ significantly between the Oligon and the control group. 

Critical Evaluation of Antimicrobial Catheters 

The majority of clinically important (e.g., randomized and prospective) studies have been 
performed with the chlorhexidine-silversulfadiazine (CHSS) catheters and, to a lesser 
extent, with the minocycline-rifampin (MR) catheter. Most of the studies with the CHSS 
catheter have revealed a trend toward lowering the incidence of CR-BSI. In the meta-
analysis of Veenstra et al. (198), for example, it was shown that use of the CHSS-catheter 
in short-term catheterization reduced the risk for CR-BSI approximately by half. Only in 
one study (191) was no effect shown, probably due to the prolonged mean duration of 
catheterization in this study. With the MR catheters, two important studies so far (206, 
207) have shown a benefit in reducing the incidence of CR-BSI, one directly comparing 
the MR catheter with the CHSS catheter. Reasons for a better performance of the MR 
catheter have already been discussed (e.g., coating of the MR catheter on both surfaces 
and longer-lasting surface activity of the antibiotic combination in comparison to 
chlorhexidine). However, in our opinion it is clear that more controlled trials of good 
quality—especially from independent investigator groups—are needed for the MR 
catheter, in order to finally judge on the superiority of one of these catheters. 

The cost-effectiveness of such impregnated catheters has recently been evaluated. 
Maki deduced from his trial (192) that in settings where the incidence of CR-BSI is 
greater than 3.3 per 1000 catheter days, the use of CHSS catheter would be cost-effective. 
Veenstra et al. (218) estimated a cost saving of from $68 to $391 on the basis of a 
multivariate sensitivity analysis. A recent analysis from the same group (219) came to the 
conclusion that MR catheters are cost-effective for patients catheterized for at least one 
week and lead to overall cost savings when patients are catheterized for two weeks or 
longer. 

These analyses, together with the promising clinical results—at least for the CHSS and 
MR catheters—concerning the reduction of the incidence of CR-BSI, have led to the 
adoption of recommendations for the use of antimicrobial catheters in the form of current 
guidelines. In the U.S. guideline, for example, the use of antimicrobial or antiseptic-
impregnated catheters in adults with an expected catheter duration time of greater than 5 
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days is emphasized (Category IB; see also Table 3) if, after implementing a 
comprehensive strategy to reduce rates of CR-BSI, the CR-BSI rate remains above the 
goal set by the individual institution, based on benchmark rates (9). The UK guideline 
(31) recommends considering the use of an antimicrobial-impregnated central venous 
catheter for adult patients who require short-term (<10 days) central venous 
catheterization and who are at high risk for CR-BSI. No recommendations are given for 
the use of such catheters in pediatric patients. In the actual German guideline (32), the 
use of antimicrobial catheters is still a matter of debate and regarded as a controversial 
issue (Category III; see also Table 3), reflecting in part the very limited clinical 
experiences with such catheters in Germany so far. 

Although antimicrobial catheters obviously have the potential to decrease line-
associated bloodstream infections and thus contribute to less patient morbidity and 
mortality, and even to considerable cost savings, there remain open questions that may 
jeopardize the application of such catheters. The two major points of criticism are the 
possible side effects: anaphylactoid reactions associated with the CHSS catheter (such as 
the cases reported from Japan and the United Kingdom), and the concern about 
development of microbial resistance against the agents used, e.g., either chlorhexidine, or 
silversulfadiazine and minocycline, or rifampin. Although resistance has not been 
demonstrated in the clinical trials with antimicrobial catheters, this is still a matter of 
concern that should be carefully monitored when using such catheters and should be an 
important issue in forthcoming clinical studies. As microorganisms embedded in biofilms 
are inactivated or killed only at far higher antimicrobial concentrations than are necessary 
for sessile bacteria, the decrease in concentration due to the drug release from the 
antimicrobial devices may lead to subinhibitory or sublethal activity, thus promoting the 
development of resistance. In Pseudomonas stutzeri, for example, a resistance against 
chlorhexidine could be achieved through repeated passages of the organisms in the 
presence of subinhibitory concentrations of chlorhexidine (202,220). Also, for the 
combination of minocycline and rifampin a 10- to 16-fold increase for S. epidermidis 
after exposure to concentrations below the minimum inhibitory concentration (MIC) was 
observed (208). Because all catheters come into contact with the normal skin flora, 
resistance could be induced and thus limit the use of rifampin as a valuable agent in 
severe staphylococcal infections (221). 

Other open questions refer to the design of the studies performed so far with 
antimicrobial catheters. For example, all published studies with CHSS catheters have 
been conducted with the externally coated catheter (Arrow-Gard), especially the 
comparative trial MR versus CHSS catheters. Clinical studies with the new internally and 
externally coated CHSS catheter (ArrowGard Plus) (222) are required for a better 
comparison of the antibiotic-impregnated and the antiseptic-impregnated catheters, 
especially in view of longer catheter dwelling times. Concerning the MR catheter, its 
efficacy in preventing CR-BSI caused by organisms such as Candida, Pseudomonas, or 
Enterococci is doubtful due to the antimicrobial spectrum of minocycline and rifampin. 
More clinical investigations that also address this issue, especially from independent 
authors, are needed for this catheter in the future. In studies where the proof of catheter 
colonization is essential to establish the diagnosis of CR-BSI, methods for culturing 
bacteria or yeasts from the catheter should be employed which are influenced little or 
none by the antimicrobial substances used for coating or impregnation. Furthermore, 
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almost none of the studies published so far have looked at the influence of the use of 
antimicrobial catheters on patient mortality. Secondary endpoints such as length of stay 
and the amount of antibiotic use should also be included in future studies. 

In conclusion, it can be stated that especially the CHSS and the MR catheter show a 
significant trend toward a benefit in decreasing the incidence of CR-BSI, and they also 
seem to be cost-effective. However, in a recently published critical article on the value of 
antimicrobial catheters, 11 randomized studies were analyzed and yielded several 
methodological flaws. Moreover, in this review, no significant clinical benefit associated 
with the use of such catheters for the purpose of reducing CR-BSI or improving patient 
outcomes could be delineated (223). The actual U.S. guideline (9) uses the following 
formulation: “The decision to use chlorhexidine/silversulfadiazine-or 
minocycline/rifampin-impregnated catheters should be based on the need to enhance 
prevention of CR-BSI after standard procedures have been implemented (e.g., educating 
personnel, using maximal sterile barrier precautions,…) and then balanced against the 
concern for emergence of resistant pathogens and the cost of implementing this strategy.” 

Modified Devices Used in Catheterization 

As an alternative approach, protective cuffs have been developed for central venous 
catheters. These cuffs were coated with silver compounds to increase the anti-infective 
effect and attached to the catheter prior to insertion, to act as a tissue-interface barrier and 
thus to inhibit bacterial migration from the skin along the catheter. The VitaCuff™ 
(Vitaphore Corporation, USA), for example, consists of a detachable cuff made of 
biodegrable collagen to which silver ions are chelated. Several studies have been 
undertaken to assess the ability of such cuffs to prevent CRI and have yielded conflicting 
results. In a prospective, randomized, multicenter trial it was found that catheters, 
inserted with the cuff were three times less likely to be colonized on removal than were 
control catheters, and nearly four times less likely to produce bacteremia (224). Similar 
results were observed in another study (225), whereas Groeger et al. found no difference 
in the frequency of CR-BSI between the test and the control group (226). A reason for the 
controversial results might be that Groeger et al. used the cuff in patients with long-term 
catheterization, in whom hub colonization may be a more important factor for CRI than 
extraluminal contamination, against which the cuff confers protection. Also, in a study by 
Dahlberg et al. (227), use of the impregnated cuffs had no influence on the incidence of 
CR-BSI. Smith et al. found a reduction in the colonization of skin sites and hubs for the 
impregnated cuff patients, but no significant difference in CR-BSI between the VitaCuff 
™ and the control group (228). It is assumed that extrusion of the silver cuff from the 
catheter tunnel tract to the skin may be a reason for the limited ability of the cuff to 
prevent CRI in short-term CVCs. 

Because hub contamination is regarded as the second most important step in catheter 
colonization and subsequent infection, hubs have also been modified. In one approach, a 
povidone-iodine-saturated sponge was developed to encase the hub and showed a 
significant reduction in CR-BSI compared to a control hub (229). A novel CVC hub 
(Segur-Lock™, Inibsa Laboratories) with a reservoir containing iodinated alcohol proved 
to be effective in decreasing rates of CR-BSI in a clinical trial (4 versus 16% for the 
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control hub, p<0.01) (230). However, this result could not be confirmed in a subsequent 
trial (231). 

The Biopatch™ antimicrobial dressing (Johnson and Johnson, USA) is a hydrophilic 
polyurethane foam dressing impregnated with chlorhexidine gluconate, designed to 
release chlorhexidine and to inhibit microbial growth at the catheter entry site for at least 
7 days. Two randomized clinical trials have investigated this new type of dressing. In one 
study, a significant reduction in catheter colonization was found (232), and the other 
demonstrated a significant reduction in the incidence of CR-BSI (1.2 versus 3.3% for the 
control group, p<0.01) (233). Garland et al. conducted a randomized clinical trial to 
assess the efficacy of the Biopatch™ in prevention of CRI in neonates (234). Neonates 
randomized to the Biopatch™ group were less likely to have colonized CVC tips than 
control neonates, in whom skin disinfection with povidone-iodine was performed. The 
rate of CR-BSI did not differ between the two groups. However, the risk of local contact 
dermatitis under the Biopatch dressing was high, especially in low-birthweight infants. 
This observation, together with the fact that the Biopatch™ shall be not removed if in 
place, thus preventing visual daily inspection of the catheter entry site, may limit the use 
of this antimicrobial dressing. 

A novel catheter system, equipped with a diaphragm instead of a stopcock for drawing 
blood specimens from arterial lines, proved to be associated with a sixfold lower rate of 
fluid contamination than systems using standard stopcocks (235). Another approach 
designed to reduce the risk of transmission of blood-borne infections to health care 
workers led to the design and introduction of needleless devices (236–239). At present, 
there are only few data available on the benefit of such systems, but it seems that 
technical problems arise with the use of such systems and will have to be solved before 
these devices should be evaluated in longer trials. 

Until now, in the recently published guidelines, none of these modified devices are 
recommended as tools for the prevention of CRI. 

Anti-Infective Catheters Other Than CVCs 

A number of studies have been published on anti-infective urinary catheters. 
Aminoglycosides such as dibekacin sulfate or kanamycin, as well as cephalotin or 
cefoxitin, have been bonded to hydrophilic polymers, polyethylene, and silicone rubber 
catheters and evaluated experimentally or in part in clinical studies, showing some 
effectiveness in the prevention of urinary catheter-associated infection. Most studies, 
however, have dealt with the development of silver-containing urinary catheters. 
Liedberg et al. investigated the interaction between silver alloy-coated urinary catheters 
and P.aeruginosa and demonstrated supression of in vitro biofilm formation (240). In a 
randomized clinical trial, the incidence of catheter-associated urinary tract infection was 
reduced (241). In another prospective study involving 482 hospitalized patients, Johnson 
et al. observed a similar rate of catheter-associated urinary tract infections in patients with 
a silver-oxide urinary catheter, compared to patients with normal catheters (242). Riley et 
al. could not confirm such results in their study on silver-impregnated urinary catheters 
(243). In a meta-analysis performed by Saint et al. (244), the authors reported that silver 
alloy urinary catheters were more effective in reducing bacteriuria than silver-oxide 
catheters.  
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In recent years, clinical trials with silver-hydrogel urinary catheters (e.g., Bardex IC 
Foley catheter, Bard, USA) have been performed, all showing reduction of catheter-
associated UTI (245–247). In a new approach, Gaonkar et al. (248) have evaluated the in 
vitro long-term efficacy of latex and silicone urinary catheters impregnated with 
chlorhexidine and silversulfadiazine—with and without the addition of the antiseptic 
triclosan—demonstrating a broad-spectrum, long-lasting effect against microbial 
colonization on the outer surface of the catheters. In a recent article, Stickler has referred 
to the fact that frequent application of chlorhexidine in patients undergoing intermittent 
bladder catheterization has led to the development of chlorhexidine resistance in 
organisms such as Pseudomonas stuartii, P. aeruginosa, and P. mirabilis (249). He stated 
that the catheterized urinary tract, with its mixed population, would be a greater challenge 
for a biocide-containing device than the vascular tract, thereby warning against the 
reintroduction of chlorhexidine for the prevention of catheter-related UTI. 

Recently, Niel-Weise and colleagues (250) performed a systematic literature review of 
clinical trials and meta-analyses with silver urinary catheters. They concluded that there 
is to date insufficient evidence to recommend the use of silver urinary catheters, and that 
more randomized clinical trials with a good standard of internal quality are needed. 

Trooskin et al. developed an infection-resistant continuous ambulatory peritoneal 
dialysis (CAPD) catheter by binding penicillin to the silicone elastomer via the cationic 
surfactant tridodecylmethylammonium chloride (TDMAC). In vivo studies with rats, the 
antibiotic-bonded catheters were more resistant to colonization after exit-site and 
intraluminal bacterial challenges (251). As already reported for urinary catheters, the 
technology using chlorhexidine and silversulfadiazine as impregnating agents has also 
been used, together with triclosan, for the development of a new type of antimicrobial 
CAPD catheter (252). In a rat animal model, the exit site of the implanted catheter was 
inoculated with S. aureus 7 days postimplantation, none of the modified catheters were 
colonized intraperitoneally (control group: 100%), and only 12.5% of the modified 
catheters at the exit site (control group: 100%). 

Infection of central nervous systems (hydrocephalus) shunts is a major problem in 
patients with ventricular drainage. Therefore, efforts have also been made to develop 
infection-resistant hydrocephalus shunts or other neurological prostheses. Bridgett et al. 
reported on the reduced staphylococcal adherence to Hydromer™-coated—and thus 
hydrophilic—cerebrospinal fluid shunts, but there were technical difficulties in achieving 
a uniform Hydromer layer on the silicone rubber (253). Bayston et al. have published a 
considerable body of experimental work on impregnation of silicone shunt catheters with 
various antimicrobials (254–257). In particular, a combination of rifampin and 
clindamycin proved to be clearly superior to other agents tested. In a newer study, it 
could be shown that the rifampin and clindamycin-impregnated catheters are able to kill 
adhered staphylococci completely within 48 to 52 hours (258,259). 

We have also developed a method for incorporating rifampin and other hydrophobic 
antibiotics into silicone ventricular catheters (260). A rifampinloaded catheter is capable 
of inhibiting in vitro adherence of staphylococci. In an animal model using New Zealand 
white rabbits, catheters were implanted into the ventricular space and infection was 
induced by inoculation of certain dosages of S. epidermidis or S. aureus (261). None of 
the animals that received the rifampin-loaded catheter showed clinical signs of infection, 
nor could the infecting strain be recovered from the catheter, brain tissue, or 
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cerebrospinal fluid. In contrast, all animals with the uncoated catheters showed signs of 
severe meningitis or ventriculitis, and the infecting strains were cultivated in each case 
from the catheter and from surrounding tissue. As an improvement of the catheter, 
especially to prevent staphylococci from developing resistance to rifampin, a 
combination of rifampin and trimethoprim was used for the impregnation process (262). 

Recently, two cases in which the rifampin catheter was successfully used for the 
treatment of patients with a complicated course of shunt infection were reported (263). 
Further, a silicone catheter with a combination of three antimicrobials (rifampin, fusidic 
acid, and mupirocin) has been described, with a long-lasting drug release of up to ~100 
days. However, no animal or clinical data are available so far for this type of catheter 
(264). Zabramski et al. (265) performed a prospective, randomized clinical trial with an 
external ventricular drain catheter coated with minocycline and rifampin. The antibiotic-
impregnated catheters were one-half as likely to become colonized as the control 
catheters (17.9 versus 36.7%, p<0.0012), and CSF cultures were seven times less 
frequently positive in patients with the modified catheters than in the control group (1.3 
versus 9.4%, p=0.002). 

For a more detailed discussion on antimicrobial CSF shunt catheters and related 
devices, see Chapter 16. 

OTHER APPROACHES TO THE PREVENTION OF CRI 

There is only a limited number of studies on innovative approaches to the prevention of 
foreign-body infection and CRI which do not aim at the modification of the medical 
device (implant or catheter). A very interesting approach to prevent biofilm formation as 
a prerequisite for CRI has been suggested by Khoury et al. (28). They found that by 
application of an external stimulus, e.g., an electric field together with antibiotics, the 
killing of biofilm-embedded bacteria is dramatically enhanced (e.g., killing of P. 
aeruginosa by tobramycin). Although it is more a therapeutical strategy rather than a 
preventive measure, the use of electric current might be useful for the prevention of CRI, 
as has been pointed out before. Related approaches aiming at eradication of biofilms 
include the combined use of ultrasound together with antibiotics (29,30), and possibly the 
bactericidal effect of extracorporeal shock waves on S. aureus (266). 

A polysaccharide was isolated from a S. epidermidis strain that appears to be involved 
in adhesion to synthetic polymers such as silicone (19,20). Active immunization of 
rabbits with this polysaccharide-adhesin (PS/A) factor led to reduced bacteremia caused 
by catheters contaminated with the specific S. epidermidis strain (267). In a further study, 
S. epidermidis prosthetic valve endocarditis was successfully prevented by active and 
passive immunization of the rabbits (268). 

In a multicenter trial on the efficacy of vaccination with staphylococcal toxoid in 
patients with CAPD catheters, no increase of the intraperitoneal bactericidal activity and 
no reduction of catheter-associated peritonitis or exit-site infection was observed (269). 
Further, it has been proposed to develop monoclonal antibodies against fibronectin and 
other mediators of bacterial (staphylococcal) adherence to inhibit the specific adherence 
process (270). Because there is now more insight into the molecular pathogenesis of 
CRIs—especially those caused by staphylococci—future strategies might involve, for 
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example, blocking of the gene operon detected in S. epidermidis, which is responsible for 
autoaggregation and biofilm formation (25). It was shown that antibodies directed against 
the accumulation-associated protein (AAP) are able to prevent S. epidermidis biofilm 
formation in vitro (24). A better understanding of quorum sensing—a cell-to-cell 
communication process also responsible for the regulation of biofilm formation—may 
lead to new concepts of how biofilm formation can be prevented, e.g., on the basis of 
chemical substances that disturb microbial communication (271, 272). Danese has 
recently given an overview of potential future strategies with nonbactericidal antibiofilm 
approaches (273). 

CONCLUDING REMARKS 

Because of the difficulties in treatment of CRIs and because of their impact on morbidity 
and even mortality, as well as on cost increase, prevention of CRI remains a major goal in 
the medicine of today. The preceding sections of this chapter have tried to highlight 
actual preventive strategies, based on advances in catheterization technique and care, and 
on innovative technology. Since the first CDC guidelines for prevention of intravascular 
infection appeared in 1983 (274), we have learned much more about different aspects of 
CRI, and a considerable number of well-performed, controlled clinical studies have 
contributed to our actual practice in intravascular catheterization. This improved 
knowledge has now led to a variety of evidence-based recommendations for the 
prevention of CRI, which have been precipitated in national (e.g., U.S., U.K. or German) 
directions. Because it would be beyond the scope of this chapter to give detailed 
instructions for the daily management of catheters and prevention of CRI, the reader is 
referred to the recently published guidelines (9, 31, 32), which should be translated into 
institution-specific recommendations. 

The development of new catheters based on modified, anti-infective materials, and 
other innovative approaches in this field, will surely lead to a further reduction in the 
incidence of CRI in the future. Some of the new developments such as antimicrobial 
catheters have already been adopted in current national guidelines, but still more clinical 
studies of good quality are needed to better define their impact on reducing CR-BSI and 
patient morbidity and mortality, and to recommend a broader use of these promising 
devices. However, it should be remembered that the best technology will fail to prevent 
CRI if hygienic standard procedures such as education of personnel and use of maximal 
barrier precautions are not, or not adequately, implemented. The main risks for CRI result 
from lack of aseptic technique, inappropriate insertion site care, and lack of necessary 
technical skills. A multiple-approach prevention strategy targeted at catheter insertion 
and catheter care and based on actual recommendations from the respective national 
guidelines, which are evidence-based, together with the use of even more sophisticated 
and improved innovative catheter materials, might help to combat the threat of infections 
associated with vascular access. 
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INTRODUCTION 

Staphylococcus aureus is a virulent pathogen that continues to cause significant 
morbidity and mortality in the antimicrobial era (1). Infection of a vascular catheter by 
this organism may cause dramatic illness, with bloodstream infection and hematogenous 
spread to other sites resulting in serious secondary infections such as osteomyelitis, 
epidural abscess, and endocarditis. Patients with relatively minor predisposing illness 
occasionally succumb to such lethal infection. 

PATHOGENESIS 

Most vascular catheter-related infections of short-term catheters appear to derive from 
cutaneous flora entering the catheter tract and moving distally along the exterior of the 
catheter to reach the bloodstream (2–5). Experiments in a guinea pig model suggested 
that such migration can occur rapidly, perhaps by capillary action once microbes are 
present at the catheter-skin interface in sufficient numbers (6). For long-term catheters, 
intraluminal spread from a contaminated hub appears to be a more important mode of 
infection (5,7,8). Electron microscopy of a S. aureus-infected catheter shows cocci 1 µ in 
diameter clumped in an extensive amorphous matrix on the surface of the catheter (9). 

Catheter composition appears to be an important factor in the pathogenesis of 
infection, since modern teflon and polyurethane catheters are associated with extremely 
low rates of catheter infection, compared to the polyvinyl chloride catheters used 
previously (10–13). Studies of the adherence of different microbial species to various 
catheter materials have shown significantly greater adherence to polyvinyl chloride 
catheters than to teflon catheters (14). An animal model of S. aureus catheter infections 
found that silicone catheters could be infected with a lower inoculum than polyurethane, 
teflon, or polyvinyl chloride catheters during the first two days after insertion (15). 

The efficiency of phagocytes operating in the vicinity of different catheter materials 
may also be important, as one study has shown impairment of the respiratory burst of 
polymorphonuclear neutrophils in the presence of polyvinyl chloride, teflon, and 
siliconized latex catheters or their eluates. Such impairment was not demonstrated with 
polyurethane catheters (16). A chemotactic defect has been demonstrated in patients 



receiving interleukin-2, who appear to have a higher risk for S. aureus infection of 
catheters (17). Impaired bactericidal activity of polymorphonuclear neutrophils has also 
been documented in patients with AIDS (18), who also have a higher rate of S. aureus 
catheter infections. 

Fibronectin appears to be more active than fibrin or fibrinogen in promoting adherence 
of S. aureus to catheter surfaces (19). Polyurethane catheters removed from patients 
showed significantly less adherence of S. aureus (p<0.01) and contained significantly less 
fibronectin than polyvinyl chloride or Hickman catheters (19). Another study found that 
polyvinyl chloride catheters bound significantly more fibronectin than heparin-bonded 
polyurethane catheters, but also found that S. aureus bound significantly more to heparin-
bonded polyurethane than to the polyvinyl chloride catheters if fibronectin was not 
present in vitro (20). Thrombospondin, a glycoprotein stored in platelets, also appears to 
promote adherence of S. aureus to catheter surfaces (21, 22). 

S. aureus and Candida albicans appear to be more likely to cause infection of a 
catheter once colonization has occurred, compared to other colonizing microbes. For 
catheters growing at least 100 CFU on quantitative culture of the catheter tip, S. aureus 
resulted in bloodstream infection in 69% of cases, compared to 75% for C. albicans, 38% 
for Staphylococcus epidermidis, and 41% for Enterococcus faecalis (23). S. aureus was 
also more likely to result in pumlence at the catheter site than other microbes (40% of 
cases of S. aureus colonization vs 10% of cases of colonization with other microbes, 
p=.007) (23). S. aureus produces a variety of enzymes and toxins that may contribute to 
this enhanced virulence, such as catalase, hyaluronidase, nuclease, β-lactamase, toxic 
shock syndrome toxin, enterotoxin, staphylococcal superantigens, α-toxin, β-toxin, γ-
toxin, δ-toxin, and leukocidin (24). When introduced into subcutaneous tissue in the 
presence of a foreign body such as a silk suture, the mean infectious dose is tremendously 
reduced (25). 

INCIDENCE 

The incidence of primary bloodstream infection in hospitals reporting data to the National 
Nosocomial Infection Surveillance (NNIS) program overseen by the Centers for Disease 
Control and Prevention (CDC) from 1980 to 1989 was 0.28 per 100 discharges (26). The 
same rate was documented in a 1-year prospective study in a Danish university hospital 
(27). Laboratory-confirmed bloodstream infection was diagnosed in 122 (0.11%) of 
107,382 patients in five community hospitals in Sydney, Australia, during a 1-year period 
(28). A university hospital in Atlanta reported that both community-acquired and 
nosocomial S. aureus bloodstream infection had increased significantly during a recent 
decade, and that an important part of this increase was related to vascular catheters (29). 

The incidence of primary bloodstream infection due to S. aureus in NNIS hospitals 
increased significantly during the decade of the 1980s (26). The rate also increased 
significantly in each of the four types of reporting hospitals. Large teaching hospitals 
reported a 176% increase (95% confidence interval, 72% to 343%), from 4/10,000 
discharges in 1980 to 1.13/1000 discharges in 1989. Small teaching hospitals reported a 
122% increase (95% CI, 58%–211%) during the same period, small nonteaching 
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hospitals reported a 283% increase (95% CI, 139%–514%), and large nonteaching 
hospitals reported a 272% increase (95% CI, 115%–544%). 

During the next decade, data from hospital-wide surveillance stopped being reported 
by the NNIS system, but primary bloodstream infections in ICUs reporting data to the 
NNIS system declined by 31% to 44% in different types of participating ICUs (30). 

Fifteen to 20% of endemic nosocomial bloodstream infections are due to S. aureus, 
which accounts for 8% of epidemics of nosocomial bloodstream infection (31). In one 
study, approximately one-third of endemic nosocomial bloodstream infections appeared 
to be related to indwelling catheters, with vascular catheters accounting for a large 
majority of these infections (32). One-third to one-half of all S. aureus nosocomial 
bacteremias have been due to vascular catheters (33, 34). 

A recent study of nosocomial endocarditis, which excluded cases related to prosthetic 
valves, found that S. aureus accounted for 62% of cases. Causation was related to 
vascular catheters in 86% of cases (35). 

MORTALITY 

The virulence of S. aureus has been recognized in many studies of catheter-related 
infections (4,36–44). A review of 25 studies of catheter-related S. aureus bacteremia 
found that 24% of patients suffered an infectious com-plication (95% CI, 19.9%–28.1%) 
(45). Overall, 59 of 177 patients in these 25 studies died (33.3%, 95% CI, 26.4%–40.2%) 
(45). Almost half of the deaths in these studies were attributed to the catheter infection by 
the authors of the individual studies (14.8%, 95% CI, 10.8%−18.8%) (45). 

A meta-analysis of the case fatality rate associated with catheter-related infections, 
which included 187 studies and 3569 catheter infections, found an overall case fatality 
rate of 14.0% (95% CI, 12.4%–15.6%) (46). The authors of the individual studies 
attributed death to the catheter infection in 2.7% (95% CI, 2.0%–3.4%) of cases, 
accounting for approximately 19% of all of the deaths in these studies. For cases of S. 
aureus catheter infection included in this meta-analysis, the overall case fatality rate was 
18.2%. Death was attributed to the catheter infection in 11.1% of cases, accounting for 
61% of the deaths. The proportion of deaths attributed to catheter infection was 
significantly higher for S. aureus than for other etiologic agents (odds ratio= 3.81, 95% 
CI, 2.70–5.41). A prospective epidemiologic study in a Danish hospital demonstrated a 
case fatality rate of 38% for nosocomial bacteremia overall, but the case fatality rate for 
S. aureus was 65%, with 25% being attributed to the infection (27). A recent study from 
an English hospital reported no deaths in 50 cases of S. aureus catheter-related 
bacteremia among hemodialysis patients (47). 

A recent meta-analysis summarized the results of many studies of the mortality 
associated with methicillin-resistant S. aureus (MRSA), as opposed to methicillin-
susceptible S. aureus (MSSA) bacteremia. It found that there was significantly higher 
mortality with MRSA after adjusting for comorbidity and severity of illness (OR=1.93, 
95% CI=1.54−2.42, p<0.001) (48). 
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RISK FACTORS 

The risk of bloodstream infection in patients with a vascular catheter is related to the type 
of catheter, with modern peripheral venous catheters being associated with extremely low 
rates of infection and central venous catheters accounting for up to 90% of such 
infections (49). An increased risk for S. aureus infection of central venous catheters has 
been described for several patient groups. Patients with end stage renal disease requiring 
hemodialysis or peritoneal dialysis have long been recognized as being at higher risk of 
S. aureus catheter infections. Almost all of the higher risk occurs in patients who are 
nasal carriers of S. aureus (50,51). 

In one study, S. aureus nasal carriage was associated with a threefold higher risk of S. 
aureus bacteremia; S. aureus colonization of skin at the catheter site was associated with 
a 26-fold higher risk of S. aureus bacteremia (52). 

In one study of patients undergoing chronic ambulatory peritoneal dialysis (CAPD), 
patients with diabetes mellitus were significantly more likely to be carriers of S. aureus 
(77% versus 36%) (53). Catheter exit site infections were four times more frequent 
among carriers than noncarriers (0.4 episodes per patient year versus 0.1 per patient year, 
p=0.012). A separate study of CAPD patients found only a modest increase in infections 
among diabetic patients (1.4 per patient year versus 1.2 per patient year) and concluded 
that diabetes was not an important risk factor for catheter infection in these patients. A 
third study of patients undergoing CAPD followed 30 patients for 13 months, with 
periodic cultures for S. aureus carriage (50). S. aureus accounted for 8 of 25 episodes of 
peritonitis and 12 of 20 episodes of exit site infection during the study, and patients with 
nasal colonization were at higher risk of infection than noncarriers (50). In a fourth study 
regarding peritoneal dialysis-related infections, 26% of 378 exit site swabs grew 
microbes, and 25 (25%) of 99 positive cultures grew S. aureus (54). 

In a study of patients undergoing hemodialysis, nasal carriage of S. aureus was 
associated with a higher rate of bacteremia (0.095 per patient year versus 0.0417 per 
patient year), but the presence of diabetes was an even more important risk factor 
(relative risk=11.4, p=0.004). The presence of a central venous catheter was a significant 
predictor of bacteremia (RR= 14.3, p=0.002) (55). 

Therapy with interleukin-2 has been shown to increase the risk of staphylococcal 
catheter-related bacteremia (56). A dose gradient was demonstrated for increasing 
exposure to interleukin-2, with no bacteremias being documented during 320 catheter 
days before therapy, 18% of patients becoming infected during 343 catheter days of low-
dose therapy, and 38% of patients becoming infected during 96 catheter days of high-
dose therapy (p=0.01). Another study found that 19% of interleukin-2-treated patients 
developed sepsis, compared to 2.8% of patients receiving total parenteral nutrition, 4.1% 
of patients in the surgical intensive care unit, and 1.9% of patients with solid tumors. S. 
aureus was the etiologic agent in 13 of 20 episodes of sepsis. S. aureus colonization 
significantly increased the risk of S. aureus infection (RR=6.3, 95% CI, 2.8–14.5, 
p<0.001). Skin desquamation at the catheter site also significantly increased the risk 
(RR=2.0, 95% CI, 1.3–3.1). The simultaneous occurrence of S. aureus colonization and 
desquamation at the catheter site was associated with a relative risk of 14.5 for 
S.aureusbacteremia (95% CI, 4.1–50.9) (57). A third study found sepsis in 9% of patients 
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receiving interleukin-2 without antibiotic prophylaxis. In that study, S. aureus accounted 
for 7 of 8 episodes of sepsis (58). 

Human immunodeficiency virus infection appears to be another risk factor for S. 
aureus infection. In one study excluding patients with a history of intravenous drug abuse 
or lymphedema, the incidence of S. aureus bacteremia in a population of patients with 
AIDS or AIDS-related complex was 5.4 per 1000 patient years, and 73% of cases were 
catheter-related (59). In another study, S. aureus accounted for 24% of catheter-related 
infections in AIDS patients, compared to 16% in other immunocompromised patients 
(60). A third study found that the most frequent etiologic agent causing noso-comial 
infections among patients with HIV infection was S. aureus, which was responsible for 
27.6% of cases, followed by Pseudomonas aeruginosa (13.8%) and Enterobacter cloacae 
(13.8%) (61). 

CLINICAL MANIFESTATIONS 

Central venous catheter-related bloodstream infection is most often manifested by fever 
alone, with up to 70% of cases showing no local inflammation at the catheter site (62). A 
study of catheter-related S. aureus bloodstream infection found fever in all of 21 cases, 
with a mean temperature of 39.6°C (range, 37.8–41.1) (36). The clinical onset was 
described as “dramatic,” with sudden high temperature and often rigors. Those with 
bacteremia due to a peripheral catheter usually had cellulitis at the catheter site, often 
with a purulent exudate. Eighty-one percent of patients had leukocytosis ranging as high 
as 31,000/mm3. Two chronically leukopenic patients showed an increase above their 
baseline count associated with a left shift (i.e., an increasing percentage of immature 
polymorphonuclear neutrophils). The mean number of positive blood cultures per patient 
was 3.7 (range, 1–7). Although rare with modern peripheral venous catheters, a recent 
case report described a patient with S. aureus infection of a peripheral venous catheter 
that progressed to suppurative phlebitis complicated by lethal endocarditis (63). By 
contrast, most patients with inflammation at the site of a peripheral venous catheter 
appear to have only a bland physicochemical phlebitis that is unrelated to infection (64) 
and does not occur more frequently in S. aureus carriers (65). 

Infectious complications have generally occurred in at least one-quarter of cases of 
catheter-related S. aureus bacteremia (45, 47). Perhaps the most important complication 
to consider is endocarditis, because of the frequent lack of specific signs (66–68) and 
because short-course therapy for bacteremia with up to two weeks of antibiotics will 
often fail if endocarditis is present. One recent study found that 8 (16%) of 50 cases of 
hemodialysis catheter-related S. aureus bacteremia were complicated by endocarditis 
(47). Another recent study found that 16 (23%) of 69 patients with catheter-related S. 
aureus bacteremia became complicated by endocarditis (69). 

A recent review of studies of short-course therapy of catheter-related S. aureus 
bacteremia found that 6.1% relapsed after therapy, usually with endocarditis or a 
metastatic infection such as epidural abscess (45). Most such relapses have occurred 
within 9 weeks (70). A more recent study reported that 2 of 21 patients receiving short-
course therapy relapsed. Both of the relapses were noted to occur among 3 patients 
receiving less than 10 days of therapy (71). Adding this experience to the pooled 
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experience with short-course therapy from 11 previous studies would yield 10 relapses 
among 153 patients (6.5%) (45). If the 3 patients receiving less than 10 days of therapy 
are excluded, the pooled rate would be 8 relapses among 150 patients (5.3%). 

The classical manifestations of endocarditis—such as new or changing murmur, 
splenomegaly, and embolic lesions—are each present in only a minority of cases (72). 
Nolan and Beatty therefore attempted to develop criteria for differentiating patients with 
S. aureus bacteremia from those with endocarditis (70). Community acquisition, lack of 
an obvious primary site of infection, and presence of metastatic sequelae (e.g., 
intraabdominal, renal, or cerebral abscess) were each associated with a high risk for 
endocarditis in their study. By contrast, only 2 of the 26 cases of S. aureus endocarditis 
that they studied had an obvious primary site of infection, which was acquired in the 
hospital and had no metastatic sequelae (70). A lower risk of endocarditis among 
nosocomial cases was also found in several other studies (37,73,74). These data conflict 
with those of the study cited above, which found that endocarditis was as common with 
nosocomial catheter-related S. aureus bacteremia as it was with community-acquired 
noncatheter-related S.aureus bacteremia (69). However, the same investigators recently 
presented data providing at least partial confirmation of the other studies: Complicated S. 
aureus bacteremia was reported to occur less often with community-acquired than with 
hospital- or healthcare-associated S. aureus bacteremia (75). Another group of 
investigators recently reported that 21% of community-acquired S. aureus bacteremia 
was complicated by endocarditis, compared with 5% of hospital-acquired S. aureus 
bacteremia and 12% of hemodialysis-associated S. aureus bacteremia (76). 

Criteria for diagnosing infective endocarditis using echocardiography have been 
published (77). According to this scheme, a definite diagnosis can be made by either 
pathological or clinical criteria. The pathological diagnosis requires culture of an 
organism from a vegetation, or histologic confirmation of a vegetation or intracardiac 
abscess. The clinical criteria include major and minor criteria, and a definite diagnosis 
would require the presence of two major criteria, one major and three minor criteria, or 
five minor criteria. The major criteria include blood culture results suggestive of 
endocarditis—because of either the species involved or the continuousness of the positive 
cultures—and evidence of endocardial involvement by echocardiography, such as (a) 
intracardiac mass on valve or supporting structure, (b) abscess, or (c) new partial 
dehiscence of the prosthetic valve or new valvular regurgitation. Minor criteria include a 
predisposing heart condition, fever (>38°C), valvular phenomena (e.g., emboli or mycotic 
aneurysms), immunologic phenomena (e.g., Osler’s nodes or Roth spots), microbiologic 
evidence (e.g., blood cultures showing a pathogen not meeting major criteria or a 
serologic test consistent with endocarditis), and echocardiographic evidence suggestive of 
endocarditis but not meeting major criteria. It should be noted that a recent study from the 
same institution that developed these criteria for diagnosing endocarditis found that 
transthoracic echocardiography had a sensitivity of only 27% when compared with 
routine usage of transesophageal echocardiography (TEE) in all cases of S. aureus 
bacteremia in which TEE was not contraindicated (69). 

Other manifestations of catheter-related S. aureus infections have included such 
diverse presentations as sternoclavicular arthritis and clavicular osteomyelitis after S. 
aureus infection of a subclavian catheter (78); mycotic aneurysms and osteomyelitis after 
umbilical artery catheterization in a neonate (79); endarteritis with pseudoaneurysm, 
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septic arthritis, osteomyelitis, and distal emboli after femoral artery catheterization 
(71,80,81); psoas abscess and discitis after femoral vein catheterization for hemodialysis 
(82); and an infected atrial thrombus following placement of a right atrial catheter (83). 
Most reported cases of infected pseudoaneurysm have involved S. aureus infection (84–
88). 

A self-limited, sterile reactive arthritis has been reported as a rare complication 
following catheter-related S. aureus bacteremia in HLA-B27 negative patients (89). 

The persistence of high-grade bacteremia despite antibiotic therapy and removal of the 
catheter suggests the presence of septic phlebitis (90). Septic phlebitis related to a 
peripheral catheter may be associated with local inflammation and induration overlying 
the vein, but this is not present in all cases. With central venous catheters, septic phlebitis 
is usually not associated with local signs of inflammation nor with clinical signs of 
venous obstruction, which are present in only a minority of radiographically documented 
cases. Deep venous thrombosis in such cases may be documented by venography, 
sonography, or CT scan. 

Thirty cases were included in a recent review of published cases of spinal epidural 
abscess following epidural catheterization. Of these, 19 (63%) were due to S. aureus (91). 
Nine (90%) of 10 had persistent neurologic deficit after thoracic epidural abscess, 
compared to only 3 (20%) of 15 after lumbar epidural abscess. 

THERAPY 

Catheter-related bloodstream infection has generally been treated with one to two weeks 
of therapy for most etiologic agents. For S. aureus, however, there has been concern 
about the risk of complicating endocarditis, and until recently many have routinely 
treated the condition for at least four weeks (92–94). During the past two decades, several 
studies have suggested that the risk of complicating endocarditis is sufficiently low (i.e., 
<10% of cases) that short-course therapy (10 to 14 days) is safe for patients with 
apparently uncomplicated catheter-related bacteremia (37,39,70,71,95–97). A 
metaanalysis of 11 studies of short-course therapy found a relapse rate of 6.1% (95% CI, 
2.0%–10.2%). Two studies found that most relapses after short-course therapy occurred 
when therapy lasted less than 10 days (39,71). 

A more recent study reported that only 1 (5%) of 21 patients completing prolonged 
therapy for S. aureus endocarditis relapsed, compared to 12 (18%) of 67 who had a 
negative TEE and thus presumably received short-course therapy (although the duration 
of therapy was not reported) (69). None of the 12 relapses in that study was endocarditis; 
they all involved deep S. aureus tissue infection at other sites. More recent data from the 
same investigators have suggested that patients with continuing fever at 72 hours; 
positive blood cultures drawn on days 2–4; a higher number of positive blood cultures; 
and/or failure to remove an infected source were significantly associated with 
complicated S. aureus bacteremia (75). The authors suggested that such patients should 
be carefully evaluated for metastatic sites of infection and should probably not receive 
short-course antibiotic therapy. 

Delayed removal of the catheter has been associated with persistence of S. aureus 
bacteremia (71) or higher mortality in several observational studies (38,98,99). A 
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retrospective study of S. aureus infections of Hickman catheters reported that failure to 
remove the catheter was associated with a worse outcome (38). Of 37 evaluable episodes 
of S. aureus bacteremia, 22 were cured with catheter removal plus antibiotics, whereas 8 
of the 15 patients whose catheters were not removed were cured with antibiotics and 7 
failed antibiotic therapy (4 relapses and 3 deaths due to progressive catheter-related 
sepsis) (38). Another retrospective study concluded that failure to remove an infected 
catheter was related to higher mortality among 25 patients with MRSA bacteremia, 13 
(52%) of whom died (99). 

A fourth observational study found that 13 (56%) of 23 patients from whom an 
infected catheter was not removed suffered relapse or died due to S. aureus infection, and 
80% of the patients whose catheters were not removed were hemodialysis patients (98). 
The authors reported that failure to replace the catheter was the most important reason for 
treatment failure, according to a logistic regression analysis (98). By contrast, a fifth and 
more recent observational study reported on 50 cases of S. aureus CRBSI in hemodialysis 
patients, none of whom died even though the catheter was not removed in 19 episodes 
(47). All 8 documented episodes of endocarditis or deep S. aureus infection at another 
site appeared to relate to the spread of infection during the intitial bacteremia, rather than 
to relapse and subsequent bacteremia from the site of an unchanged catheter. Two of the 
8 had their catheters removed at the time of admission, three had their catheters removed 
during the first day, one during the second day, and one on the fourth day after admission 
(47). 

Fever or bacteremia persisting more than 3 days after catheter removal was associated 
with an increased risk of endocarditis in one study, suggesting the need for a longer 
course of therapy in such patients (39). Placement of a central catheter tip into the right 
atrium or into the pulmonary artery has also been related to an increased risk for 
development of endocarditis, presumably due to trauma to endocardial surfaces caused by 
the catheter, followed by seeding of these roughened surfaces during subsequent 
bacteremia (100). 

AIDS and AIDS-related complex have also been found to be adverse prognostic 
factors in catheter-related S. aureus bacteremia, as 6 (35%) of 17 patients relapsed with 
late metastatic complications after a mean of 18 days of antibiotic therapy (59). Some 
authors have recommended that patients with HIV infection who develop catheter-related 
S. aureus bloodstream infection should routinely receive a longer course of therapy, such 
as 3 to 4 weeks (101). 

The drug of choice for treating S. aureus bacteremia has been a beta lactam to which 
the isolate is susceptible. For the rare penicillin-susceptible isolates, high-dose penicillin 
would be the drug of choice (e.g., 20 million units IV per day for an adult with normal 
renal function). For the majority of isolates that are penicillin-resistant, a penicillinase-
resistant penicillin would be the choice (e.g., nafcillin 1.5 g IV every 4 hours, for an 
adult). In cases of penicillin allergy, a first-generation cephalosporin has frequently been 
used with success (e.g., cefazolin 100mg/kg/d intravenously, in 3 divided doses). For 
those unable to tolerate a beta lactam and those with methicillin-resistant S. aureus, 
vancomycin is the drug of choice (30mg/kg/d intravenously, in 2 divided doses). Because 
of its long half-life and consequent infrequent dosing, vancomycin should not be used as 
a drug of convenience for treating beta lactam-susceptible S. aureus infection in 
nonallergic patients. Such systematic overuse of vancomycin would add further pressure 
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for selection of vancomycin resistance among organisms such as Enterococcus faecium, 
which has caused many nosocomial epidemics during the past decade (102). An 
additional concern with such overreliance on vancomycin for treatment of S. aureus 
bacteremia derives from several studies reporting higher failure rates and slower 
clearance of bacteremia in patients with S. aureus endocarditis treated with vancomycin 
(103–107). 

Antibiotic lock therapy provides a new approach to treatment without removing the 
catheter, by infusing parenteral antibiotics through the catheter and then locking a high 
concentration into the catheter over a 12-hour period each night (108–116). Such therapy, 
usually given over a two-week period, has been successful in curing the infection and 
salvaging the infected catheter in 97% of patients requiring long-term vascular access 
with infections due to a variety of pathogens, including 12 cases of S. aureus infection 
(109,110). The success rate was only 43%, however, when this method was applied to 
infected subcutaneous ports in one study (108). The mean duration of follow-up without 
relapse in the study with 12 S. aureus cases was 20.5 months. These data suggest that 
uncomplicated, mild-to-moderate S. aureus infection of long-dwelling tunneled or 
hemodialysis catheters may be treated without catheter removal if infection is confined to 
the lumen of the catheter [i.e., in the absence of tunnel or exit site infection (117)]. 
Vancomycin has been shown to be stable in both total parenteral nutrition solutions and 
heparin solutions at room temperature for a 24-hour period, allowing for concurrent 
therapy during TPN infusion and/or for antibiotic lock with heparin over-night, if 
indicated (118). 

Therapy of superficial catheter-related septic phlebitis has generally consisted of 
ligation and venectomy, coupled with antimicrobial therapy for 2 to 3 weeks. Incision 
and drainage with antibiotics, but without venectomy, has been reported to work in some 
cases. For central venous septic phlebitis, catheter removal and prolonged antibiotic 
therapy, coupled with anticoagulation, are necessary (119). 

PREVENTION 

Prevention of catheter-related S. aureus infection depends upon the principles used for 
prevention of catheter infections in general, which can prevent infections caused by all 
pathogens (120). In a randomized trial, placement of catheters using maximal barriers 
(cap, mask, sterile long-sleeved gown and gloves, and large drapes) was associated with a 
significantly lower rate of infection than when only a mask, sterile gloves, and a small 
drape were used (121). A cohort study found similar protection using the same barriers, 
except that a cap was not used (122). The importance of technique during insertion was 
additionally confirmed in a study by Armstrong et al., which found a significant 
association between catheter colonization and inexperience of the clinician inserting the 
catheter (123). 

Site selection also may have an important effect, because subclavian vein placement 
has been associated with lower infection rates than internal jugular vein placement in 
some cohort studies (122,124). Two randomized trials have shown significantly higher 
rates of deep venous thrombosis and trends toward higher rates of catheter infections with 
femoral rather than with subclavian catheters (125,126). 
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Peripherally inserted central catheters have been associated with very low rates of 
infection, but they have been used primarily in outpatients (127,128). Only limited data 
are available for their use in hospitalized patients (129,130). Lower infection rates with 
this approach may be related to lower concentrations of resident bacteria on the arm than 
on the neck or chest (131,132). 

Tunneling of catheters has been done partly to reduce the risk of catheter infection. 
Several studies have raised questions as to the effectiveness of tunneling for preventing 
infection (127,133,134), whereas others have suggested that it works (136–138). A recent 
CDC guideline recommended that hemodialysis catheters that will be used longer than 3 
weeks should be cuffed. The guideline provided references to several observational 
studies, each of which involved tunneling of the cuffed catheters (120). Subcutaneous 
ports have been associated with significantly lower infection rates than those of tunneled 
catheters (139). 

Dressing the catheter with povidone iodine ointment resulted in significant prevention 
of S. aureus bacteremia in a randomized trial involving subclavian dialysis catheters 
(140). An older study found no benefit with povidone iodine ointment, however, and 
further studies are needed (141). By contrast, use of polymyxin-neomycin-bacitracin 
ointment should be avoided on central venous catheters because of a fivefold increase in 
Candida colonization with this product (142). In a randomized controlled trial (RCT), 
mupirocin ointment applied to central venous catheter sites resulted in a reduction in the 
frequency of significant colonization of catheter tips—from 25% in controls receiving no 
antimicrobial ointment to 5% among those receiving mupirocin (143). In a second RCT, 
mupirocin applied to hemodialysis catheter sites was associated with prolonged catheter 
use, decreased S. aureus colonization of the catheter site, and decreased S. aureus 
bacteremia (144). The recent CDC guideline on preventing catheter infection did not 
recommend the use of mupirocin at the catheter site, because one study has suggested the 
possibility of development of mupirocin resistance among coagulase-negative 
staphylococci at the site (120). 

Transparent dressings have been associated with a higher risk of infection in a 
randomized trial (145), and with a higher risk of significant colonization in a meta-
analysis (146). A more recent trial found no difference in infection or colonization (147), 
but a subsequent trial by the same authors reported a significantly higher rate of 
colonization with transparent dressings, a result similar to that identified by the meta-
analysis mentioned above (148). Further studies of transparent dressings are needed, 
especially considering their higher cost. 

Antimicrobial catheters and catheter cuffs have been reported to exert significant 
protection against catheter-related bloodstream infection (142, 149–152). Although 
antibiotic coating has been shown to work (153– 156), concern has been expressed 
regarding the use of clinically current antibiotics for this purpose because of the potential 
for selecting antibiotic-resistant flora (152). Use of an antiseptic-impregnated catheter, 
which has also been shown to significantly reduce CRBSI (157), may obviate this 
concern because antiseptics are commonly used in large numbers of patients, without 
selection of resistance to clinically useful antibiotics (152). In multiple randomized trials, 
scheduled replacement of central venous catheters has proven ineffective in preventing 
catheter infection and should no longer be recommended (58,135,158–160). Scheduled 
replacement appears to significantly increase the risk of major mechanical complications 
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if new site puncture is used, and paradoxically, to increase the rate of bloodstream 
infection if guidewire exchange is employed (160). 

Multiple studies have suggested a benefit from using a special IV team to care for total 
parenteral nutrition catheters, compared to care by the regular ward team (161–164). A 
recent study showed benefit from the use of an IV team to care for peripheral IVs (165). 

Specific prevention of S. aureus infection was demonstrated in a randomized trial of 
intravenous oxacillin prophylaxis in patients undergoing interleukin-2 therapy. By 
contrast, changing the catheter every 3 days was not effective in lowering the rate of 
infection in this trial (58). Prevention of S. aureus bacteremia has also been demonstrated 
among hemodialysis patients by weekly application of nasal creams containing mupirocin 
(166). Similar therapy using chlorhexidine and neomycin nasal cream has significantly 
reduced the risk of S. aureus peritonitis among CAPD patients colonized with S. aureus 
(167–169). In one study, this strategy led to a reduction from 28% to 13% (p<0.001) in 
the number of CAPD catheters that had to be removed during a year because of infection 
(167). Application of mupirocin to the hemodialysis catheter site significantly prevented 
S. aureus bacteremia in another randomized trial (144). A randomized trial of intranasal 
application of mupirocin twice daily for five consecutive days every four weeks among 
peritoneal dialysis patients demonstrated a significant reduction of nasal carriage (10% 
versus 48%) as well as exit site infections (14 versus 44 in the placebo group, p=0.006) 
(170). 

Recent in vitro studies have suggested novel mechanisms for preventing catheter 
infection. One study showed that copper or silver/copper-coated catheters decrease 
adherence of S. aureus to teflon, polyvinyl chloride, and silicone rubber catheters (171). 
Similarly, a negatively charged direct electric current of 10 µA reduced S. aureus 
adherence to catheters, whereas a positively charged current had no effect (172). The use 
of a 20-µA current flowing through a silver wire wrapped helically around the proximal 
segment of catheters has resulted in lower rates of adherence of S. aureus, S. epidermidis, 
and C. albicans in vitro, and lower rates of colonization in an animal model, when 
compared to regular catheters and chlorhexidine-silver sulfadiazine-impregnated 
catheters (173). A minocycline-EDTA flush solution has been shown to have broad 
antimicrobial activity in vitro (174,175) and was successfully used to prevent catheter 
infection in three patients who required prolonged catheterization and had repeated bouts 
of catheter sepsis before use of the flush solution. 
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INTRODUCTION 

Coagulase-negative staphylococci (CoNS), particularly Staphylococcus epidermidis, are 
the species most frequently isolated from infections associated with the use of vascular 
catheters. The propensity of these species to cause invasive disease, frequently 
manifestating as primary bacteremia, has for a long time been a conundrum in modern 
medicine: In contrast to their highly pathogenic coagulase-positive counterpart, 
Staphylococcus aureus, for a long time CoNS have been considered avirulent 
microorganisms that form a major component of the cutaneous microflora. Since the 
1980s, however, it has been recognized that these organisms are readily able to colonize 
and infect various devices used for diagnostic and therapeutic procedures such as 
intravascular catheters, cerebrospinal fluid shunts, prosthetic heart valves, orthopedic 
devices, pacemakers, peritoneal dialysis catheters, vascular grafts, and ventricular assist 
devices (1). In fact, CoNS are now the leading organism for nosocomial bacteremia (2), 
and it is suggested that most of these cases are a consequence of infection of intravascular 
catheters. Bacteremia due to CoNS is associated with considerable hospital expenditures, 
morbidity, and also an increased mortality rate (3–5), yet treatment options are 
increasingly narrowed by emerging resistance against previously active antimicrobials 
(6). Over the last decades, important insight into the pathogenesis of these low-virulence 
microorganisms has been gained, particularly with respect to their interaction with a 
polymer surface, and it has now become clear that the intimate multifactorial interaction 
with the artificial surface is the basis for the role of these organisms in catheter-related 
infection (7). However, at this time it is not possible to translate the enhanced 
understanding of the pathogenic mechanisms in preventive or prophylactic measures 
specifically directed against this group of microorganisms, and additional efforts have to 
be made to introduce innovative, pathogen-directed strategies in clinical application. 

The following chapter reviews our current state of knowledge on several aspects of the 
biology and clinical implications of catheter-associated infections due to CoNS. 



PATHOGENESIS 

With CoNS being a resident organism of the skin and mucous membranes of both patient 
and medical personnel, it is generally thought that these sources are the most common 
origin for infection of indwelling catheters (8). Additional sources for catheter 
colonization and infection may include the bloodstream or intravenous fluids. In 
particular, the bloodstream may cause hematogenous seeding with CoNS, as exposure to 
unrelated bacteremia is a strong risk factor for catheter-related infection in ICU patients 
(9). This patient group may be particularly prone to short-term, clinically inapparent 
bacteremia, but CoNS bacteremia appears to be frequent even in healthy persons. In 
addition to bacteremia, the severity of the underlying disease and subsequently the 
frequency and invasiveness of disease-related interventions have been demonstrated to be 
independent risk factors (10), whereas others (such as the duration of catheterization or 
hospitalization) appear to be cofactors for catheter-related infections rather than 
independent risk factors. However, while these more general aspects of the formal 
pathogenesis (discussed in detail in Chapter 2) are applicable to catheter infections 
caused by CoNS, several particular aspects of the biology of CoNS contributing to 
pathogenicity merit further discussion (Fig. 1). 

After the discovery that catheters and implants are a frequent source of sepsis and 
infections due to CoNS, various materials used in biomedicine were analyzed with 
respect to their susceptibility to CoNS colonization, and it became clear that CoNS are 
able to attach to a wide range of materials such as thermoplastic polyurethane, silicone 
elastomer, ungrafted or grafted polyurethane, and teflon (11). Soon it was recognized that 
the basic pathogenetic events resulting in CoNS catheter-related infections consist of a 
two-step process: adherence to the surface and accumulation with slime and biofilm 
production on the surface. Tests have been developed to determine the ability of CoNS to 
adhere to polymers and/or to form biofilm (12, 13), and various earlier studies with 
clinical isolates have supported this concept (14–19). Both steps depend on bacterial and 
surface properties that are in turn greatly conditioned by spatial and temporal 
determinants (20). For example, the surface properties of the extracutaneous portion of an 
inserted catheter is largely different from the intravascular portion, the composition of 
protein-aceous and cellular elements deposited on the intravascular catheter surface 
depends on the time of insertion, and even the microbial surface characteristics differ as a 
function of the localization of the organism on the skin or in the vessel milieu. Therefore, 
the factors contributing to catheter colonization by CoNS cannot be viewed 
independently of these conditions, and it has to be acknowledged that most in vitro 
experiments studying the adherence or accumulation phenomena have employed 
simplified surface conditions that do not correspond to the subtle physical or biochemical 
surface gradients encountered in indwelling catheters. However, over the last few years, 
examination of singular factors contributing to the complex events ultimately resulting in 
catheter colonization have greatly enhanced our understanding of the pathogenicity of 
CoNS in these polymer infections.  
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Figure 1 Structure-function 
relationship of coagulase-negative 
staphylococci. CoNS provide several 
types of pathogenicity and virulence 
factors. Among these, secreted 
molecules with matrix- and tissue-
degrading activity as well as a cell wall 
adhesin with fibrinogen-binding 
activity are present. Several factors 
contribute to biofilm formation: The 
polysaccharide intercellular adhesin 
(PIA) [which is structurally and 
closely homologous to the 
polysaccharide adhesin (PS/A) and the 
slime-associated antigen (SAA)] plays 
a major role by mediating cell-cell 
interaction and formation of a mature 
biofilm (see also Figure 3). Additional 
factors such as the accumulation-
associated protein (AAP) appear to be 
involved in biofilm formation; their 
role is yet to be established. The 
expression of various of these 
virulence factors is coordinated by a 
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global regulator system consisting of 
sigB, sarA, and agr. The respective 
contribution of these and putative 
additional regulators to bacterial 
adaptation as well as their interaction 
are only partially resolved. 

Adherence to Polymer Surfaces 

The first step in the colonization or infection of a polymer device is the—probably 
irreversible—adherence of a bacterial cell to the polymer surface (21–24). CoNS may 
attach to surfaces through nonspecific and specific interactions (Fig. 2). In saline, buffer, 
or other nutrient- and protein-free media, the main nonspecific forces mediating 
attachment are electrostatic and hydrophobic interactions (23, 24). The DLVO theory 
(termed according to its first describers Derjaguin & Landau and Vervey & Overbeek) 
regards adhesion as a balance between van der Waals attraction and electrostatic 
repulsion; using sophisticated optical trap methods, its validity for attachment of 
colloidal, bacterial-sized particles has been demonstrated (25). According to the 
thermodynamic model, adherence is the net result of all active forces and is dependent on 
the surface properties of both the bacterial cell and the polymer in a given liquid 
environment. In general, the more hydrophobic strains adhere more strongly to 
hydrophobic polymers than hydrophilic strains. Finally, attachment of most Gram-
positive microorganisms is greatly promoted on positively charged polymers, owing to 
the overall negative bacterial surface charge and is strongly reduced on negatively 
charged polymers due to repulsion. 

In CoNS, contributive factors to most of these mechanisms have been identified. Almost 
all CoNS strains are able to attach to unadsorbed polymer surfaces, albeit at different 
quantitative levels (22, 26). A number of specific CoNS factors contributing to this 
attachment have been described. The large staphylococcal surface proteins SSP-1 and 
SSP-2 have been identified and antigenically characterized (27, 28), yet these findings 
may be restricted to one S. epidermidis isolate, and neither the molecular characterization 
of the proteins nor the attachment-contributive mechanisms have been elucidated. Using 
transposon mutagenesis (29), the gene encoding the surface-associated autolysin AtlE of 
S. epidermidis O-47 that mediates primary attachment of bacterial cells to a polymer 
surface has been cloned and sequenced (30). This molecule is proteolytically processed 
and comprises an amidase and a glucoaminidase domain, as well as three central 
repetitive sequences. Loss of this protein results in a significantly reduced surface 
hydrophobicity, but at present it is not clear whether specific domains such as the central 
repeat region or the overall modification of the physicochemical surface characteristics 
contribute to this effect. 
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Figure 2 Staphylococcal attachment is 
a dynamic process. According to the 
laws of mass transport, particles in a 
colloidal fluid will be moved toward a 
surface by Brownian motion forces or 
directed flow. After surpassing 
repulsive forces governed by 
physicochemical interactions in the 
surface vicinity, they will ultimately 
attach through nonspecific or specific 
(macromolecule-mediated) 
interactions. Attachment is irreversible 
in many cases, but in the presence of 
shear rates or other forces, single 
organisms or clusters may also detach, 
particularly if multiple cells 
accumulate on the surface, ultimately 
resulting in bacteremia. The conditions 
resulting in catheter colonization vary 
as a function of time (duration of 
catheter insertion; adsorption of 
adhesive blood factors) and 
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localization of the respective catheter 
portion (extra-cutaneous, 
transcutaneous, endovascular portion). 

Aside from proteins, a polysaccharide designated as polysaccharide/ adhesin (PS/A) 
has been associated with initial adherence in vitro (31). This polysaccharide, which is 
identical or at least highly homologous to the polysaccharide intercellular adhesin (PIA) 
(see later discussion in this chapter), has also been shown to be involved in virulence in 
select animal models (32–34). In addition to these factors, cell wall properties also 
contribute to primary attachment to unadsorbed polymers. The overall negative 
staphylococcal surface charge is due to the fact that the teichoic acids contain fewer 
positively charged D-alanine residues than negatively charged phosphate groups (35). 
Accordingly, a mutant deficient in D-alanine esters displays reduced attachment to 
polystyrene (36). The mutant has been constructed in an S. aureus background, but it is 
conceivable that similar conditions are also operative in CoNS. 

If polymer surfaces are in contact with colloidal fluids such as serum or blood plasma, 
proteins such as albumin are immediately adsorbed to the surface, resulting in a major 
change of the physicochemical surface characteristics (37, 38). In fact, many physical 
forces contributing to nonspecific adhesion such as hydrophobic interaction are greatly 
reduced after this surface modification, and when tested in vitro, adhesion of CoNS to 
hydrophobic polymer surfaces is often largely diminished compared to adhesion to 
unadsorbed surfaces (39). In noncolloidal buffer systems, even preadsorption of adhesive 
proteins may rather reduce adhesion of CoNS compared to adhesion to unadsorbed 
plastic, probably due to the aforementioned modification of physicochemical interaction 
(40). 

Compared to attachment to unadsorbed polymers in a physiological colloidal milieu, 
however, surface adsorption with certain adhesive proteins generally promotes adhesion 
greatly, as numerous in vitro studies have shown. Fibrin deposits on catheter material 
may promote bacterial colonization (41–43), and thrombus formation on a catheter has 
been identified as a major risk factor for device infection (44). Extracellular matrix 
proteins such as fibrinogen (45), fibronectin (46), laminin (47), collagen (48), 
thrombospondin (49), and vitronectin have been shown to bind to S. aureus and to 
promote adhesion of S. aureus to solid surfaces (50), most importantly via specific 
adhesins of the microbial surface components recognizing adhesive matrix molecules 
(MSCRAMM) type of molecule (51). In contrast, CoNS lack most of the MSCRAMM 
type of adhesins. Nevertheless, in a physiological milieu, several matrix molecules bind 
to CoNS and promote attachment. In contrast to S. aureus, only limited information is 
available on the nature and genetic organization of adhesins on S. epidermidis-
recognizing extracellular matrix proteins. A fibrinogen-binding protein homologous to 
the MSCRAMM family of cell wall proteins has been identified in S.epidermidis (52). 
This molecule has been termed Fbe. A mutant deficient in Fbe production displays 
reduced attachment to fibrinogen-coated surfaces (53), and the use of antiFbe-antibodies 
interferes with attachment to immobilized fibrinogen (54). SdrG, another S. epidermidis 
adhesin of the MSCRAMM family, interacts with the Bβ-chain of fibrinogen (55). While 
fibronectin has been shown to promote adhesion of a large number of S. epidermidis 
strains to polymer surfaces in vitro (50) and fibronectin in vivo adsorbed on catheter 
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material does also promote adhesion of S. epidermidis strain RP62A (56), a fibronectin-
binding adhesin in CoNS has remained elusive. More recently, work with purified 
teichoic acid from S. epidermidis has shown that this cell wall constituent may contain 
site(s) active in recognition of surface-adsorbed fibronectin by S. epidermidis (57). Most 
recently, using phage display, a fibrinonectin-binding protein from S. epidermidis (Embp) 
has been identified (58). Further characterization of its role using deletion mutants in 
appropriate test systems and information on the presence of this protein in various S. 
epidermidis isolates and non-S. epidermidis CoNS species are warranted. Finally, it has 
been demonstrated that not only S. aureus but also S. epidermidis may interact with 
immobilized platelets (59). This is likely due to specific, albeit unresolved, mechanisms 
(20) that may also involve the expression of CoNS exopolysaccharides (60). While CoNS 
may adhere to polymeric surfaces due to physicochemical binding forces, specific ligand-
adhesin-type mechanisms may involve certain extracellular matrix and plasma proteins. 
This interaction may even occur in complex cooperative binding events. 

Accumulation on Polymer Surfaces, Production of Extracellular 
Slime, and Biofilm Formation 

The rapid process of primary adherence is followed by a more time-consuming step, 
namely, the accumulation on the polymer surface. Biofilm formation has been studied in 
great detail allowing researchers to establish the typical growth patterns of CoNS on 
polymer surfaces (Fig. 3). 

Morphological investigations on various types of intravascular catheters using 
scanning electron microscopy (SEM) and transmission electron microscopy (TEM) 
gained the first insight into the pathogenesis of these infections. In a stationary in vitro 
catheter-colonization model it could be demonstrated that CoNS organisms adhere to the 
polymer surface independently of the presence of surface irregularities (61,62). With 
increasing incubation time, microcolonies and finally multiple cell layers are formed on 
the polymer surface. Starting with an incubation time of about 12 h, the adherent cells 
become covered by a thin film of material that steadily increases in thickness. Most of the 
attached cells are then covered by this slime matrix produced by the staphylococci. These 
observations could subsequently be confirmed on various other ex vivo materials (63–
65). Thus, from these early studies, it could be shown that staphylococci are able to 
adhere to and grow on polymer surfaces. In the course of surface colonization, they 
produce an extracellular slime substance in which they become entirely embedded, and a 
biofilm is produced. The morphology of this surface colonization is identical both in vivo 
and in vitro, suggesting similar mechanisms. These observations lead to the hypothesis 
that the slime matrix or biofilm, respectively, may protect the embedded staphylococci 
against host response mechanisms as well as against antibiotics (66). 

These morphological studies show that S. epidermidis forms multiple cell layers on the 
polymer surface; the cells in these layers are enveloped and protected by copious 
amounts of an amorphous slimy material. The slime substance is not a capsule but 
loosely associated with the staphylococcal cells. If plasma or serum is present during an 
experiment or in vivo, host serum proteins may also be involved in the build-up of this 
matrix. The slimy material is so prominent upon morphological examination that it has 
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been attributed a pathogenic role in polymer infection since its discovery. The nature of 
its composition, however, has remained elusive for a prolonged  

 

Figure 3 Staphylococcal accumulation 
on artificial surfaces results in manifest 
biofilm formation. After primary 
attachment, coagulase-negative 
staphylococci form intercell 
interactions, express an 
exopolysaccharide [mainly consisting 
of an atypical β-1,6-linked N-
acetyiglucosamine (PIA)], and 
ultimately form mature biofilms with 
multiple consequences on the efficacy 
of local host defense mechanisms and 
antimicrobial activity (see text). Other 
(protein) factors associated with 
biofilm production such as the 
accumulation-associated protein 
(AAP) have been identified; the 
mechanisms of their action is 
unresolved. 

period, as contamination with medium-derived compounds has impeded its chemical 
analysis (67,68), and until 1996, reports on the chemical composition of the slime were 
conflicting. Mack et al. identified a polysaccharide antigen from S. epidermidis strain 
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1457 induced by glucose whose expression paralleled CoNS accumulation (69). 
Subsequently, approaches using transposon mutants deficient in this antigen (70) and 
biochemical characterizations (71) allowed for the identification of highly similar 
polysaccharides in CoNS presenting a unique structure composed of β-1,6-linked N-
acetylglucosamine residues. According to the attributed function, this polysaccharide was 
named polysaccharide intercellular adhesin (PIA). Pier and colleagues have isolated a 
galactose-rich capsular polysaccharide adhesin (PS/A) from S. epidermidis RP62A that 
mediates attachment to polymer silastic catheter tubings (72). Antibodies against this 
antigen block adherence, stabilize its structure, and can be used for protection (73). The 
similarity or identity of PS/A and PIA has been an issue of debate; more recently, it has 
been proven that PS/A is at least closely related to PIA, as it is also a 1,6-linked N-
acetylglucosamine (74). Furthermore, the slime-associated antigen, originally described 
by Christensen et al. (75), appears also to be antigenically and biochemically highly 
similar when compared with PIA (76). 

The genetic basis of the expression of PIA has been resolved by the identification of 
the icaADBC locus (77,78). icaA contains the N-acetylglu-cosaminyltransferase activity, 
and icaC allows for expression of long-chain polymers essential for antigenicity and 
biofilm formation. PIA expression represents a factor contributing to S. epidermidis 
pathogenicity, as in a mouse foreign-body infection model, a PIA-negative mutant was 
shown to be significantly less virulent compared to wildtype (79). Expression of PIA may 
also be modified by an insertional element, IS256, into the icaADBC gene cluster (80,81). 
On the other hand, additional icaADBC-independent factors appear to be operative for 
functional biofilm expression (82). Elucidation of the icaADBC gene cluster allowed for 
identification of PIA analogues [termed poly-N-succinyl glucosamine (PNSG)] also in S. 
aureus (83,84). As it has now been shown that this analogue is not succinylated, it has 
been renamed poly-N-acetylglucosamine (PNAG)(74). Again, PNAG is strongly 
chemically related to PIA. It is intriguing that both S. aureus and S. epidermidis appear to 
express a family of highly related antigens allowing for cell-cell interaction and resulting 
in accumulative growth both on artificial and on biological substrates. 

However, besides PIA, other factors seem to be necessary for intercellular adherence 
and biofilm formation. Detailed examination of an adhesion-positive, accumulation-
negative CoNS mutant revealed the lack of a 140-kDa protein in the mutant. 
Consequently, a putative function of this 140-kDa protein in the accumulation process of 
the wildtype was therefore attributed (85). Subsequent studies demonstrated that the 
antibodies raised against the 140-kDa antigen [now referred to as accumulation-
associated antigen, (AAP)] could block biofilm formation, and that in a panel of clinical 
S. epidermidis isolates, the presence of the antigen positively correlated with biofilm 
formation (86). Meanwhile, AAP has been cloned and sequenced, and complementation 
studies are under way to determine the mechanism of its involvement in the accumulation 
process. In S. aureus, a biofilm-associated protein (BAP) has been described, albeit 
mainly observed in nonhuman (dairy) isolates (87). This molecule interferes with the 
interaction of S. aureus with extracellular matrix molecules (88). A BAP-analogue 
nucleotide sequence has been identified in S. epidermidis strain RP62A (Tormo et al., 
unpublished; GenBank accession #AY028618); the mechanisms and its role in 
pathogenicity have to be determined. 
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Biofilm formation—PIA-dependent and -independent—appears to be controlled by 
global gene regulators in S. epidermidis. Global gene regulators control the concerted 
expression of various adaptive and virulence factors in staphylococci via complex 
regulatory networks that are only partially understood, particularly in CoNS. One 
regulator that has attracted considerable scientific attention is the alternative sigma factor 
σB regulating gene expression upon environmental stress. The respective gene, sigB, is 
also linked to the expression of PIA conferred by icaADBC (84,89,90), but in one study a 
sigB deletion mutant did not show alterations in biofilm formation (91). Another global 
regulator that is well investigated in S. aureus is the accessory gene regulator agr. The 
role of this regulator is also increasingly understood in S. epidermidis. Interestingly, agr 
encodes a two-component system as well as its autoinducing ligand (92). As agr is 
autoinduced by an extracellular ligand, it represents a sensor of population density, and 
the autoinducing peptide pheromones (containing a cyclic thiolactone residue) may 
confer crossspecies inhibiting properties (93). Thus, in a complex milieu such as in 
biofilms, staphylococci may sense the bacterial population characteristics and 
accordingly adapt the global regulation of effector genes, a mechanism termed quorum 
sensing. In addition to the aforementioned pheromones, heptapeptides disrupting 
quorum-sensing mechanisms have been described (94). While these observations led to 
exciting hypotheses of bacterial interference mediated by bacterial quorum sensing, 
recent evidence from in vivo studies in humans of agr alleles of nasal colonizing isolates 
suggests a more important role of biological coselection of certain genetic backgrounds 
associated with a given agr genotype (95). Finally, a homologue of the sarA regulator, 
which in S. aureus carries multiple regulatory functions on cell wall adhesin expression 
and agr activation, is also found in S. epidermidis; however, the interpromoter region of 
this sarA gene differs from its S. aureus counterpart, possibly suggesting target gene 
differences and a disparate pattern for sar activation (96). 

Insight into these regulatory phenomenona may ultimately result in practical 
approaches for alternative treatment strategies. For example, salicylic acid, the primary 
metabolite of aspirin, has been shown to exert profound effects on biofilm formation 
(97). Most recently, it has been shown that salicylic acid mediates a downregulation of 
staphylococcal agr and another regulator, sar (98). This mechanism may contribute to 
eradication of biofilm-forming S. epidermidis by a combination therapy consisting of 
salicylic acid and vancomycin (99). 

Additional Important Virulence Factors in CoNS Catheter Infections 

The clinical experience with polymer-associated staphyloccocal infections clearly shows 
that the host seems to be unable, in many cases, to handle the infection and in particular 
to eliminate the staphyloccoci from the infected polymer device (100, 101). Opsonization 
and subsequent phagocytosis by polymorphonuclear neutrophils (PMN) and macrophages 
are the major response mechanisms of the human host against staphyloccoci. Therefore, 
several investigations have addressed the question of whether surface-grown 
staphyloccoci resist opsonophagocytosis and whether extracellular slime and biofilm 
production may contribute to this resistance. 

Nearly all experimental data available have been derived using S. epidermidis and 
crude extracellular slime substance (ESS) produced by S. epidermidis in chemically 
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defined and contaminant-free medium. These data have demonstrated that ESS elicits a 
significant chemotactic response but also a decreased responsiveness to known 
chemotactic stimuli in human PMN (102–104). PMN preincubated with ESS also showed 
enhanced adherence to plastic wells and a decrease in chemiluminescence response, 
whereas PMN degranulation was enhanced. Furthermore, ESS interfered with bacterial 
opsonization with the extracellular slime substance acting as a physical barrier for the 
deposition of complement or IgG on the cell surface (19, 105). Taken together, these 
effects may effectively lead to a decreased ability for intracellular killing of CoNS by 
PMN. In addition, the interference of S. epidermidis ESS with PMN function may even 
be enhanced by the negative effects of the polymer itself on PMN function (106). S. 
epidermidis ESS seems also to interfere with other host defense mechanisms such as T-
cell proliferation, T-cell surface antigen presentation patterns, and NK cell activity (107–
111). 

Another fact based on clinical experience is that antibacterial chemotherapy is often 
not able to cure catheter-associated staphylococcal infections despite the use of 
antibiotics with proven in vitro acitivity (112). It has been postulated that staphylococci 
growing on a polymer surface and embedded in a biofilm matrix consisting of ESS may 
be protected against the action of administered antibiotics. Using various approaches, this 
concept could generally be experimentally confirmed (12, 113–116). These experimental 
findings could at least partially explain the clinical experience of antibiotic failure in 
cases of catheter-associated CoNS infections. Surface-grown CoNS probably exhibit a 
special type of surface growth-associated phenotypic resistance that does not appear in 
liquid growth. 

Several extracellular enzymes secreted from CoNS have been reported to have matrix- 
or tissue-degrading activity. Among these are a metalloprotease with elastase activity 
(117), a serine protease (epiP) (118,119), several lipases (120,121), and a putative 
nuclease analogue. With completion of the genome data of S. epidermidis, additional 
enzymes are expected to be identified. In contrast, the presence of genes encoding for 
toxin production in CoNS has been a long matter of debate. More recently, it has been 
shown that the genes encoding toxic shock syndrome toxin 1, exfoliative toxins, and 
classical enterotoxins were absent in a large collection of isolates belonging to various 
CoNS species (122). Therefore, it has to be assumed that toxinmediated disease, 
particularly disease mediated by the superantigen activity of certain toxins produced by S. 
aureus, is not relevant in catheter-related infections caused by human CoNS isolates. 

MICROBIOLOGY 

Coagulase-negative staphylococci are members of the family of Micrococcaceae. These 
Gram-positive, cluster-forming microorganisms are differentiated from S. aureus 
primarily by the lack of the exoenzyme coagulase (which in S. aureus forms fibrin by 
activation of thrombin). Additional markers used in the clinical microbiology workup to 
differentiate S. aureus from CoNS are the lack of the immunoglobulin G (IgG)-binding 
protein A (Spa) as well as the lack of certain cell wall adhesins recognizing matrix and 
plasma molecules such as the clumping factor (Clf). Moreover, CoNS do not possess 
certain capsular polysaccharides (Cps) specific for S. aureus such as the type 5/8 Cps 
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associated with S. aureus invasive disease. Accordingly, for diagnostic purposes, the 
group of CoNS is differentiated from S. aureus using rabbit plasma and performing either 
the slide clumping test or the tube coagulase test. Several rapid commercial latex 
agglutination tests examining the presence of Clf, Spa, and Cps are also available. In 
addition, biochemical reactions (e.g., mannitol fermentation) may allow lab technicians to 
distinguish between S. aureus and CoNS. With the use of nucleic acid amplification 
techniques, additional markers such as the gene for the S. aureus thermonuclease (alone 
or in conjunction with other markers such as the coa gene) have been used for rapid 
discrimination of CoNS. 

CoNS have been subdivided into 32 species; 15 of these species have been associated 
with human disease. Biochemical characterization has been the mainstay for species 
identification since the first identification scheme by Kloos and Schleifer (123), and 
miniaturized biochemical panels are now available for use in manual, semiautomatic, or 
automatic identification systems. Most CoNS involved in polymer-associated infections 
belong to the S. epidermidis group (S. epidermidis sensu stricto, Staphylococcus hominis, 
Staphylococcus haemolyticus, Staphylococcus warneri, Staphylococcus capitis). Within 
the S. epidermidis group, S. epidermidis sensu stricto accounts for about two-thirds of all 
strains (124). This observation reflects the situation present in the normal human 
microflora and is also known from other coagulase-negative staphylococcal infections, 
for instance, in immunocompromised patients. In addition to members of the S. 
epidermidis group, Staphylococcus schleiferi and particularly Staphylococcus 
lugdunensis (125) have also been implicated with clinical disease. Staphylococcus 
saprophyticus (126) is an infrequent pathogen in urinary tract infections; it does not play 
a particular role in endovascular device-associated infections. 

To address the question whether a given CoNS isolate (e.g., from a catheter tip or the 
exit site) is to be regarded as the cause of a systemic infection, typing methods have been 
used. Conventional methods including antibiotic resistance profiles, biochemical reaction 
patterns, and phage typing are often of limited value in differentiating isolates. Plasmid 
profiling and sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 
patterns of extracellular proteins have been more successfully used for epidemiological 
studies or other purposes (127, 128), but some strains are not typeable using these assays. 
Modern genomic methods with a high discriminatory power include arbitrarily primed 
polymerase chain reaction (PCR) (129) and pulsed-field gel electrophoresis (130). All 
these methods have been shown to be extremely useful for revealing epidemiological or 
etiological links associated with CoNS infections (131, 132), but they are of limited value 
in distinguishing catheter-associated from commensal CoNS strains. 

CoNS from nosocomial infections, particularly S. epidermidis, are typically resistant 
to multiple antimicrobials, particularly to β-lactams. While almost all CoNS produce 
penicillinase, most clinical isolates are resistant to penicillinase-resistant penicillins as 
well as to all other β-lactams due to expression of mecA analogues conferring resistance 
to methicillin by production of a penicillin-binding protein (PBP2a or PBP2′) with 
reduced affinity to β-lactams. In fact, on the basis of homology studies it has been 
suggested that the mecA gene in S. aureus arose from a mecA analogue in Staphylococcus 
sciuri (133). In addition, many clinical CoNS isolates are resistant to macrolides, 
chloramphenicol, tetracyclines, fluorquinolones, aminoglycosides, and cotrimoxazol. 
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Finally, CoNS species were the first staphylococci with reduced susceptibility to 
glycopeptides such as vancomycin (134). 

EPIDEMIOLOGY 

Based upon the data from an enormous amount of case reports and clinical studies 
extensively reviewed elsewhere (135), there is no doubt that staphylococci are the most 
frequently isolated organisms involved in polymerassociated infections. Furthermore, it is 
obvious that coagulase-negative staphylococci (CoNS) generally predominate over S. 
aureus, especially in infections associated with intravascular catheters. Approximately 
30–40% of central venous catheter-related infections are caused by coagulase-negative 
staphylococcal species (136,137); other authors report that S. epidermidis accounts for up 
to 75% of the cultured microorganisms (138). This proportion is irrespective of the type 
of catheter and includes long-term-implanted as well as short-term-inserted catheters, 
Swan-Ganz catheters, catheters used for specific purposes such as plasmapheresis or 
hemodialysis, or hyperalimentation catheters, which have all been shown to yield CoNS, 
particularly S. epidermidis, as the leading microorganism (138). CoNS have also been 
increasingly isolated from the blood of hospitalized patients; again, this increase is 
thought to be in large part due to an increase in line-associated CoNS infections (2,139). 

CLINICAL MANIFESTATIONS 

From the clinical point of view, one can examine staphylococcal catheter-associated 
infections according to their onset, i.e., the time of the first clinical manifestation of 
disease: early-onset infections occur within days or weeks after implantation (Hickman-
Broviac) or insertion (Sheldon, Swan-Ganz, central venous catheter) of an intravascular 
catheter. In these cases, the inoculation of the pathogen takes place at the time of the 
respective procedure, and late-onset infections occur after a much longer interval of 
several weeks or even months, and according to some authors, even as long as six months 
later. Late-onset infections may be caused by true late hematogenous infection, but the 
inoculation of the pathogen may also occur at the time of surgical or nonsurgical insertion 
of the catheter, followed by a long latent phase. 

Fever is a frequent sign for CoNS bacteremia, but even in the case of bacteremia only 
a moderate elevation of the temperature usually occurs. Additional signs of sepsis such as 
chills, hypotension and shock, hyperventilation and respiratory failure, and 
gastrointestinal and neurological symptoms would be more suggestive of infusate-related 
Gram-negative bacteremia (140). In fact, device-associated infections, particularly those 
caused by lowvirulence organisms such as CoNS, are characterized by a paucity of 
specific symptoms pointing toward the catheter as the source of infection (141). 
Moreover, local signs of superficial inflammation may be unspecific (142), and only 
approximately 50% of patients with CoNS catheter infections exhibit local signs of 
inflammation such as redness, warmth, tenderness, or pumlence at the catheter exit site 
(141). Clinical signs of spreading cellulitis around the subcutaneous tunnel tract of long-
term catheters may be more indicative of pathogens other than CoNS. Thus, in the 
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absence of a purulent exit site [a sign that is highly indicative of catheter infection (143)], 
the catheter can only be suspected as the origin of infection, and a microbiological 
examination has to be performed to confirm or exclude this diagnosis. The long-lasting 
nature of the infection is a further characteristic of CoNS infections, especially if the 
infected device is not removed. In these cases, other signs of chronic infection such as 
anemia or splenomegaly may appear. In fatal cases, multiple microabscesses can be 
found during autopsy in parenchymatous organs, especially in the spleen, liver, and lung. 

DIAGNOSIS 

Local infection of the intraluminal catheter segment (tip) is usually asserted by culture of 
the removed catheter portion. CoNS species can be isolated from 8–40% of removed 
catheters (141), but only a small percentage of these catheters will become the source for 
catheter-related bacteremia. Thus, the application of (semi)quantitative catheter culture 
techniques, described in Chapter 3, to identify catheters as being contaminated in contrast 
to colonized or locally infected (the latter being more frequently associated with 
bacteremia) (144–146) is both appropriate and necessary if CoNS are suspected as the 
cause for a nosocomial bloodstream infection. 

Whereas the definitive diagnosis of catheter-related sepsis is based on the recovery of 
the same organism on the catheter segments and in the blood together with corresponding 
clinical symptoms, several studies have shown that between 70 and 90% of catheters 
removed for suspicion of catheter-related bacteremia were not infected and, in fact, could 
have been maintained (8, 136, 147). As the placement of a new catheter carries 
significant risks (148) and elevated costs, and as routine catheter exchanges without 
clinical or microbiological evidence for a bloodstream infection are not indicated (149), 
noninvasive methods including rapid techniques (150), quantitative hemocultures drawn 
both peripherically and through the implicated catheter (151, 152), and the combined use 
of superficial hub and skin cultures have been developed to prove or rule out catheter 
infection with the catheter maintained (see Chapter 3). More recently, differential time to 
positivity of blood cultures drawn in parallel through a peripheral vein and a suspected 
catheter has been successfully employed (153, 154) for indirect identification of the 
catheter as the source of nosocomial bacteremia. In most instances, however, catheter-
related bacteremia caused by CoNS is suspected due to one or several positive 
conventional blood cultures in a patient with vascular access and fever. Yet, isolation of 
commensal skin organisms such as CoNS from a peripheral blood culture may reflect a 
contamination rather than true bacteremia (155). Thus, it has been proposed that more 
than one blood culture yielding the same species should be required to establish the 
diagnosis of true bacteremia (156). In addition, modern typing techniques may be useful 
for proof of identity of the isolates, particularly if a precious catheter such as a Broviac-
Hickman or a Port catheter is suspected for infection (157). Previously, in the presence of 
bacteremia, it was deemed necessary to remove the implicated catheter both as a 
therapeutic and diagnostic measure yielding the intravascular catheter as the most reliable 
specimen segment. However, as single blood cultures positive for CoNS may not 
necessarily be due to an infected intravascular catheter, this finding should rather prompt 
additional culture attempts rather than catheter removal. 
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MANAGEMENT/THERAPY 

If infection is suspected either because of local signs of infection with or without positive 
superficial cultures or because of fever and/or positive blood cultures, several aspects 
have to be considered for optimal management: (i) the type and severity of infection 
(exit-site infection, deep tunnel infection, or systemic catheter-related bacteremia), (ii) 
the type of underlying disease, and (iii) the necessity or at least the interest to maintain 
the catheter. 

Taken together, the results from the various studies amount to the following approach 
to a patient with suspected or proven catheter-related infection due to CoNS. Local exit-
site inflammation usually does not require catheter ablation and can be treated with local 
care (158). Purulent tunnel infections are usually an indication for catheter removal (158). 
However, in patients with catheter-related bacteremia due to CoNS, a catheter-conserving 
approach can be successfully employed (in >80% of the cases) (147,159). This now more 
generally accepted approach carries a 20% chance that bacteremia will recur, whereas 
only a 3% risk of recurrence is present when the catheter is removed (160). Catheter 
salvage has been also successfully employed in pediatric patients (161, 162). Therefore, 
in the case of CoNS bacteremia suspected to be catheter-related, different approaches 
may feasible; the choice of either of the following alternatives depends on the individual 
patient situation and the diagnostic possibilities provided by the clinical microbiology 
laboratory: 

1. In the case of severe disease or of underlying severe immunodeficiency (such as the 
pediatric neonatal or the neutropenic host), the suspect catheter should be removed, 
preferably after application of an antibiotic dose through the device before insertion of 
a new catheter at a new site. The same approach may be used for patients with risk 
factors for endovascular CoNS infections, such as patients with endovascular grafts. It 
is generally recommended to treat catheter-related bloodstream infections systemically 
with appropriate antibiotics. This also applies for bloodstream infection caused by 
CoNS, although the risk of a complicated course and the emergence of infectious 
sequelae is considerably lower compared with S. aureus bloodstream infections. The 
duration of therapy is debated; most experts opt for a 5–7-day course, usually with a 
glycopeptide antibiotic (163,164). Experimental compounds against S. epidermidis 
have been developed (165) and new antimicrobials with activity against CoNS have 
been introduced into clinical practice (166, 167). Furthermore, the use of established 
alternatives in combination with other antistaphylococcal substances has been 
evaluated (168). However, at this point, their specific value in catheter-related 
bacteremia has not been established, and they should be retained for infections with 
organisms resistant to standard therapeutic approaches. At any rate, upon presence of 
CoNS bacteremia, the need for further vascular catheterization should be reevaluated 
and unnecessary vascular accesses should be removed and cultured. 

2. If the catheter is valuable, it may be maintained, and exit-site and hub cultures as well 
as additional quantitative blood cultures may help to estimate the probability of 
establishing catheter-related bacteremia. In the case of isolation of CoNS from the 
blood and suspicion of its relatedness to an infected catheter, systemic therapy may be 
initiated even without these diagnostic procedures, since the cure rate of a CoNS-
infected catheter by systemic antimicrobials is high. Alternatively, the catheter may be 
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treated using the antibiotic-lock technique (169). Of course, the catheter must be 
dispensable for at least several hours. Multiple-lumen catheters may be cured using a 
rotative lock technique. If the clinical situation does not improve, or if blood cultures 
remain positive, the removal of the catheter is imperative. Techniques to exchange the 
catheter over a guidewire have been employed for various catheter types (170), but 
they have become less popular because of the risks of embolization or of seeding of 
microorganisms to the new catheter (171,172), as well as the cumbersome nature of 
the technique. 

Over the past few years, the previously uniform therapeutic approach to the patient with 
CoNS vascular catheter infection has become considerably nuanced. This implies new 
diagnostic and therapeutic challenges both for the clinician and the clinical microbiology 
laboratory, but it helps to optimize treatment of patients who rely on increasingly 
sophisticated vascular access devices for monitoring and therapy. 

PREVENTION AND CONTROL 

Preventive measures to reduce catheter-related infections caused by CoNS employ the 
same principles as those established for the prevention of catheter-related infections in 
general. Therefore, the aspects discussed in Chapter 5 also apply for the prevention of 
catheter infections caused by CoNS. Scrupulous adherence to the measures proposed in 
the published guidelines (137) and avoidance of systemic antibiotic prophylaxis are the 
mainstays in the prevention of CoNS catheter infections. 

Whereas a number of strategies involving modification of catheter surfaces have been 
employed to interfere with bacterial colonization and prevent subsequent infection such 
as antimicrobial or antiadhesive impregnation and coatings [e.g., using silver-
impregnated cuffs, heparin, or antimicrobial agents (173–175)], comparably little 
information is available describing specific interference with known staphylococcal 
pathogenicity factors for prevention of catheter-associated infections. Lack of the 
fibrinogen-binding protein Fbe confers reduced attachment to fibrinogen-coated catheter 
materials (53). Antibodies directed against PS/A protect animals from catheter-related 
bacteremia (32). Anti-Aap antibodies prevent biofilm formation of S. epidermidis in vitro 
(86). However, none of these or other observations have yet been translated into a 
practical approach to prevent staphylococcal catheter infections in humans. Thus, further 
research targeting CoNS catheter colonization is necessary to develop novel preventive 
strategies without employing antimicrobials or antiseptics that may carry the risk of 
selection of resistant isolates. 

IX. SUMMARY AND CONCLUSION 

Coagulase-negative staphylococci represent the major organism associated with catheter-
related infections. The importance of this group of pathogens in primary nosocomial 
bloodstream infections cannot be overemphasized. In clinical practice, the differentiation 
between true CoNS bacteremia from contamination remains a challenge; however, the 
role of these microorganisms as true pathogens is undoubtable. This fact has greatly 
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spurred research on pathogenic mechanisms of CoNS resulting in important advances of 
our understanding of artificial surface colonization and host defense mechanisms. 
Refined diagnostic procedures to identify the catheter as a source for bacteremia and an 
individualized approach for treatment have enlarged our spectrum of options in the 
handling of patients with suspected or proven catheter-related bacteremia. Technical 
advances and guidelines for catheter insertion and care have also contributed to the 
control of primary CoNS bacteremia. On the other hand, in most instances, clinical CoNS 
isolates are highly resistant, and the mainstay of therapy, glycopeptides, has been recently 
challenged by the emergence of isolates with reduced susceptibility. In addition, the 
placement of a vascular access with increasingly sophisticated catheters is indispensable 
in most hospitalized patients. This challenge has been coined by Dennis Maki as 
“Devices versus Nature” (176). The need to translate the exciting results of 25 years of 
insightful research on the biology of these pathogens into applicable preventive and 
therapeutic strategies is more present than ever. 
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INTRODUCTION 

The past two decades have witnessed a marked change in the distribution of pathogens 
reported to cause nosocomial bloodstream infections (BSI) (1–4). There was a constant 
increase in the proportion of Gram-positive versus Gram-negative organisms implicated 
in nosocomial BSI, and this shift was mainly due to significant increases of infections 
with coagulase-negative staphylococci (CoNS), Staphylococcus aureus, and enterococci 
(3,5,6). These organisms currently account for between 40% and more than 60% of the 
recovered bloodstream pathogens (1–4). A considerable part of these infections is 
associated with the increasing use of intravascular catheters. 

Bloodstream infection caused by aerobic Gram-negative bacilli has received less 
attention in the recent literature (7). Little is known, in particular, about the impact of 
Gram-negative bacilli associated with device-related infections. This also holds true with 
regard to the factors involved in the pathogenesis of intravascular catheter-related 
infections (CRI), since the vast majority of studies investigating the pathogenesis of 
foreign-body infections have focused on Gram-positive organisms (8). 

There is an ever-increasing number of Gram-negative species causing infections 
related to indwelling devices (9). This chapter attempts to summa-rize the current 
knowledge of Gram-negative microorganisms as a cause of CRI, their contribution to 
infections due to specific devices, as well as specific considerations regarding the 
pathogenesis and management of CRI related to Gram-negative bacilli. It focuses on 
intravascular catheter-related infections caused by three major groups of Gram-negative 
organisms: (a) members of the family Enterobacteriaceae, (b) Pseudomonas aeruginosa, 
and (c) Acinetobacter spp. CRI caused by other Gram-negative organisms, such as rare 
Enterobacteriaceae, nonaeruginosa pseudomonads, and other nonfermenting Gram-
negative bacilli, is covered in the chapter on Miscellaneous Organisms in this book. 

 



EPIDEMIOLOGY 

General Aspects: Source of Data 

Because very few studies have specifically addressed the issues related to CRI caused by 
Gram-negative bacilli, it is rather difficult to obtain the necessary data from the literature. 
Various studies have analyzed the epidemiology of BSI in different settings and in 
different types of hospitals (1,4,10–12). Other investigators have focused on nosocomial 
bacteremia (3, 13, 14); polymicrobial bacteremia (15, 16); bacteremia in specific patient 
populations, such as cancer patients (6, 9, 17–19), bone marrow transplant patients (20), 
HIV-infected patients (21, 22), patients on hemodialysis (23), pediatric patients (24, 25), 
critically ill patients (14, 26–29), and burn patients (30−32); on bacteremia of unknown 
origin (33); and on BSI caused by Gram-negative organisms in general (7, 34, 35) or by 
specific Gram-negative pathogens such as Acinetobacter spp. (36, 37), 
Enterobacteriaceae (38–42), and P. aeruginosa (43–48). Information regarding CRI 
caused by Gram-negative bacilli may also be derived from retrospective or prospective 
studies that specifically address device-related infections (17, 49–53). Both approaches, 
however, have major limitations. The various reports on bacteremia and BSI in different 
epidemiological settings provide information on the epidemiology of the microorganisms 
involved, patient characteristics, and mortality, and often also include the presumed 
sources or portals of entry of the bacteremia. However, the vast majority of these 
retrospective case series have not employed stringent definitions and microbiological 
methods to accurately identify a device as the cause of bacteremia. If a pathogen is 
recovered from the bloodstream but not concomitantly from a distant site, including an 
indwelling vascular catheter, bacteremia is usually considered to be of unknown origin. 
This may lead to an underestimation of catheter-related BSI, because catheters are often 
removed—but not always cultured—if signs and symptoms of sepsis evolve. 

Prospective clinical studies of CRI that have addressed different issues—such as 
different types of catheters and catheter design (51, 54–56), antimicrobial bonding (57–
59), different types of dressings (60), and the consequences (61) and the prevention of 
these infections (62–64)—also suffer from the different definitions and microbiological 
methods used by different investigators (52, 53). In addition, device-related infections 
due to Gram-negative bacilli have only rarely been analyzed separately with regard to 
their specific contribution to morbidity and mortality, as well as to their specific 
management problems, and the reported numbers of these infections are usually too small 
to allow for statistical evaluation. Consequently, the data presented in this chapter that are 
obtained from different types of studies published over a period as long as two decades 
may aid in coping with the special problem posed by CRI caused by Gram-negative 
bacilli. However, prospective clinical studies are needed that address the specific issues 
related to these infections in more detail. 

Catheter-Related Bacteremia Caused by Gram-Negative Organisms 

Kreger et al. evaluated 612 episodes of Gram-negative bacteremia over a 10-year period 
from 1965 to 1974 (34). The urinary tract was the most frequent source of bacteremia, 
and E. coli was the most frequent etiologic agent. The source of bacteremia remained 
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unknown in 30% of the cases, but intravascular catheters were not implicated. Bryan and 
coworkers studied 1186 episodes of Gram-negative bacteremia over a five-year period 
from 1977 to 1981 (35). Again, intravascular devices as a source of bacteremia were not 
evaluated. In a study of 500 episodes of clinically significant bacteremia and fungemia 
conducted by Weinstein and colleagues (11), Gram-negative bacteremia arose mainly 
from genitourinary, respiratory, and gastrointestinal sources. An intravascular catheter 
was the source of bacteremia in only 5 episodes (2%), but a portal of entry could not be 
identified in nearly one-third of the episodes. 

In more recent series, 30–40% of all bacteremias were caused by members of the 
family Enterobacteriaceae or by P. aeruginosa and related genera (10, 12). In a three-year 
study of positive blood cultures, Roberts et al. found 1504 isolates from 1244 episodes of 
clinically significant bacteremia, and 727 of these (47%) were Gram-negative bacilli 
(12). The urinary tract was the most frequent portal of entry, accounting for 16% of 
episodes. An intravascular catheter was considered the source of bacteremia in 8%, and 
the source remained unknown for another 9%. The proportion of Gram-negative bacilli 
causing CRI is not reported. Mortality for cases of bacteremia from intravascular sources 
was 20%. Similar results were reported from Geerdes et al. (10). Among 980 episodes of 
both community- and hospital-acquired clinically significant bacteremia, 159 (16%) were 
related to intravascular devices, and 10% of these were caused by Gram-negative 
organisms. More recently, among 9519 bacterial pathogens associated with both com-
munity and nosocomial bloodstream infections in the United States, Canada, and Latin 
America (SENTRY Antimicrobial Surveillance Program, 1997), 43.8% were Gram-
negative, and 5 of the 10 predominant organisms were Gram-negative. Escherichia coli, 
Klebsiella spp., P.aeruguinosa, Enterobacter spp., and Acinetobacter spp. were the most 
frequently isolated organisms (4). Conversely, among 10,617 episodes of nosocomial 
bacteremia detected during a study period of three years at 49 hospitals in the United 
States, Edmond and colleagues found only 23% Gram-negative isolates (3). 
Unfortunately, neither study provides data as to the origins of BSI. 

The incidence and causative agents of intravascular device-related infections may vary 
considerably with the patient population studied and the methods and definitions 
employed. Using strict criteria, Kiehn and Armstrong investigated the spectrum of 
organisms causing 933 episodes of bacteremia and fungemia associated with surgically 
implanted intravascular devices in immunocompromised patients (9). Fifty percent of 
bacteremic episodes in these patients were vascular access-related, and 46% of these 
were caused by Gram-negative organisms. Among the major organism groups, the 
percentages of septic episodes that were device-related were 44% for Enterobacteriaceae 
and 69% for P. aeruginosa. In a recent study of the incidence of bacteremia in organ 
transplant patients, Gram-negative bacilli constituted 47% of the pathogens found in 125 
cases of clinically significant bacteremia. The most common portals of entry were the 
abdominal site (18%) and the urinary tract (15%). Only 6% of bacteremia cases were 
attributed to intravascular catheters, whereas the source was unidentified in 38% (65). 

Bacteremia is reported to be polymicrobial in 6–14% of cases and in that form it is 
most often associated with increased mortality (66, 67). In a recent review extending over 
a period of 17 years, polymicrobial bacteremia caused by Gram-negative bacilli most 
commonly occurred in intraabdominal, urinary tract, and wound infections, whereas 
catheters were the presumed source of infection in only 3–5% of cases (66, 67). 
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Conversely, in a prospective study of polymicrobial bacteremia in ICU patients that 
employed adequate microbiologic methods to detect catheter-related bacteremia, 
intravascular devices (43%) were the most common source of polymicrobial bacteremia 
(15). Catheter replacement in patients who develop polymicrobial bacteremia was 
therefore suggested by the authors. The association of polymicrobial BSI with CRI was 
also noted by Martino et al. (68). 

Infections Caused by Gram-Negative Bacilli Related to Specific 
Devices 

The incidence and etiological organisms of intravascular device-related infections may be 
strongly influenced by the type and intended use of the device. The rate of infections 
related to different intravascular devices may range from <0.2% for small peripheral 
catheters to >50% for central venous catheters (CVCs) used in burn patients (30,69). 
Infections related to specific devices are dealt with in the respective chapters of this book. 
In this chapter, the incidence of Gram-negative bacilli as causative agents of CRI is 
summarized for different types of intravascular catheters. 

Devices Used for Short-Term Vascular Access 

Peripheral Intravenous Catheters: The lowest rates of infection are now with small 
peripheral intravenous catheters. The risk for bacteremia due to these devices is very low 
(<0.2%). Gram-negative bacteria are rarely implicated and usually range in frequency 
between 0 and 4% (70–73). In a prospective study by Richet and coworkers, however, 
28% of the pathogens isolated from peripheral catheters were Gram-negative bacilli (49). 

Nontunneled Central Venous Catheters: Nontunneled, percutaneously inserted 
CVCs are the most commonly used central catheters and account for the majority of 
catheter-related bloodstream infections. Prospective studies investigating the 
epidemiology, associated risk factors, and means for prevention of infections related to 
these devices have found rates of catheter-related BSI in the range of 3–5% (63, 74, 75). 

In a prospective study, Gil and colleagues found Gram-negative organisms in 22 of 41 
(54%) colonized catheters and in 6 of 11 (55%) associated bacteremias (51). Other 
investigators reported Gram-negative bacilli implicated in CRI to range between 12 and 
42% (49, 50, 74–76). P. aeruginosa, Enterobacter spp., S. marcescens, K. pneumoniae, 
and Acinetobacter spp. were the organisms most frequently encountered among Gram-
negative isolates. Gowardman et al. reported an incidence of 3.98 catheter-related 
bloodstream infection (CRBSI) per 1000 catheter-days among 400 ICU patients with 
nontunnelled CVCs, 25% of which were caused by Gram-negative bacteria (77). In a 
prospective survey to determine the rate of CRBSI among cases of primary BSI in febrile 
neutropenic cancer patients with short-term, nontunnelled catheters, quantitative paired 
blood cultures from central venous catheter (CVC) and peripheral vein, and Bactec™ 
blood culture bottles were obtained to determine the differential time to positivity (DTP) 
(53). Eighteen of 49 episodes of primary BSI (37%) were CRBSI, and 31 (63%) were 
BSI with an unknown portal of entry. Among the organisms recovered, 27% were Gram-
negative. The results of several studies are summarized in Table 1. 
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Pulmonary Artery (PA) Catheters: Flow-directed Swan-Ganz pulmonary artery 
(PA) catheters are widely used for hemodynamic monitoring of critically ill patients. The 
infectious complications of PA catheters have been reviewed extensively by Mermel and 
Maki (78). The incidence of PA catheter-related BSI has been estimated to be in the 
range of  

Table 1 Frequency of Gram-Negative Organisms 
Associated with Short-Term CVCs, Compiled from 
Several Studies 

Study Haslett, 
1988 
(76) 

Yeung, 
1988 
(75) 

Gil, 
1989 
(51) 

Eyer, 
1990 
(74) 

Richet, 
1990 
(49) 

Sherertz, 
1990 (50)

Seifert, 
2003 
(53) 

Total no. of 
isolates reported 76 42 41 43 123 1032 22 

  No (%) of isolates 

Organism     

Gram-Negative 
bacilli 

17 (22) 5 (12) 22 
(54)

18 (42) 32 (26) 287 (28) 6 (27)  

Escherichia colia 0 0 1 (5) 1 (6) 0 40(14) 1 (17)  

Enterobacter spp. 5 (29) 0 2 (10) 6 (33) 2 (6) 45 (16) 1 (17)  

Klebsiella spp. 2 (12) 2 (40) 3 (14) 3 (17) 5 (16) 18 (6) 1 (17)  

Serratia spp. 1 (6) 1 (20) 4 (19) 0 2 (6) 19 (7) 0  

Pseudomonas 
aeruginosa 

5 (29) 0 6 (29) 4 (22) 13 (41) 143 (50) 1 (17)  

Acinetobacter spp. 4 (24) 1 (20) 4 (19) 1 (5) 4 (13) 12 (4) 0  

Stenotrophomonas 
maltophilia 

0 0 0 0 0 0 2 (34)  

a Percent of Gram-negative isolates.  

one case of bacteremia per 100 catheters. CoNS were recovered from more than half of 
the colonized catheters, but from only one-third of catheter-related BSI. Gram-negative 
enteric bacilli were recovered from 20% of colonized catheters but from only 11% of 
associated BSI, whereas P. aeruginosa accounted for 5% of colonized catheters and 5% 
of catheter-related BSI. In a prospective observational study, Kac et al. reported an 
incidence of 17.7 colonized catheters and 0.93 cases of BSI per 1000 catheter days 
among 164 pulmonary artery catheters. Colonization was caused by Gram-negative rods 
in 48% (79). 

Arterial Catheters: Arterial pressure monitoring has become indispensible in modern 
hospital care, predominantly for ICU patients. In a prospective study of 130 arterial 
catheters used for hemodynamic monitoring, 23 (18%) produced local infection and five 
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(3.8%) produced associated BSI (80). Candida spp. (31%), Gram-negative bacilli (17%), 
and enterococci (17%) predominated in these infections; three of five bacteremias (60%) 
were due to Enterobacteriaceae. With more frequent replacement of the monitoring 
system, the risk of endemic BSI associated with arterial catheters used for hemodynamic 
monitoring has more recently been estimated to be in the range of 1% (69). One specific 
feature of these devices is that they have frequently been associated with epidemic BSI. 
Donowitz et al. investigated an outbreak of S. marcescens bacteremia and demonstrated 
the presence of the epidemic organism on all in-use transducer heads (81). The authors 
postulated transmission of bacteria from the hands of hospital personnel into the fluid 
column of the device during manipulation of the system. Beck-Sagué and Jarvis reviewed 
24 outbreaks of nosocomial BSI investigated by the Centers for Disease Control (82). 
Intravascular pressure-monitoring devices were implicated as the source of infection in 
eight outbreaks (33%); seven of these were due to Gram-negative bacilli. In all outbreaks, 
improperly disinfected reusable transducers served as reservoirs. More recently, however, 
CRBSI was not observed in a surveillance study of 807 intraarterial catheters placed for 
cancer chemotherapy (83), and only 9 cases (0.15%) of CRBSI were detected among 
7470 patients who underwent cardiac surgery and required radial arterial pressure 
monitoring. One of these cases was caused by a Gram-negative rod, E. cloacae (84). 

Devices Used for Long-Term Vascular Access 

Tunneled Central Venous Catheters: Surgically implanted silicone elastomer 
catheters—including Hickmans, Broviacs, Groshongs, and Quintons—have 
revolutionized the management of patients requiring prolonged central venous access, 
particularly for chemotherapy, parenteral nutrition (TEP), and hemodialysis. The risk of 
infection caused by these catheters is significantly lower than that reported with use of 
nontunneled catheters and has been estimated to be in the range of 0.2% bacteremias per 
100 catheter-days (85,86). 

Decker and Edwards reviewed 13 studies of BSIs associated with Broviac catheters in 
pediatric patients and found Gram-negative bacilli as the etiologic agents in 28%, with 
Klebsiella spp., E.coli, and Enterobacter spp. as predominating organisms (87). Local 
infections such as exit-site and tunnel infections in these patients were even more 
frequently caused by Gram-negative rods (41% of all organisms recovered). In adult 
patients with surgically implanted CVCs of the Hickman/Broviac type, the frequency of 
Gram-negative bacteria involved in catheter-related BSI ranged from 26 to 55% (17,88–
90). The results of several studies are summarized in Table 2. Gram-negative bacilli were 
also responsible for 12 of 23 (52%) exit-site infections and for 12 of 20 (60%) tunnel 
infections reported by Benezra et al. (88). P. aeruginosa was the most common isolate 
(44%) from exit-site infections reported by Johnson et al. (90). It was suggested that one 
reason for the predominance of waterborne organisms such as P. aeruginosa may have 
been related to the fact that patients were not restricted from bathing or swimming. 

More recently, Jean et al. conducted a prospective study to assess the incidence of 
CRBSI in 129 tunneled hemodialysis catheters (91). Among 56 episodes of bacteremia 
accounting for an incidence of 1.1 per 1000 catheter-days, 12 cases (21%) were caused 
by Gram-negative bacteria, with S. marcescens (n=6), P. aeruguinosa (n=4), and E. coli 
(n=2) recovered most frequently. In another recent multicenter survey conducted in 

Catheter-related infections     176



Canadian neonatal intensive care units, the incidence of nosocomial BSI was 7.2 per 
1000 umbilical catheter-days, 13.1 per 1000 percutaneous catheter-days, and 12.1 per 
1000 Broviac catheter-days, with 8.7%, 3.4%, and 11.3% of infections, respectively, 
caused by Gram-negative rods (24). Among 51 epispdes of CRBSI in bone marrow 
transplant recipients reported by Elishoov et al., 50% were caused by Gram-negative 
pathogens (55). 

Totally Implantable Intravascular Devices (TIDs): Surgically implanted 
subcutaneous ports have the lowest reported rates of catheter-related BSI among long-
term catheters (17,92). In one of the largest prospective studies of the infectious 
complications associated with long-term vascular access devices, involving 1431 cancer 
patients, Groeger et al. (17) demonstrated a risk of 0.21 infections per 1000 device days 
for TDIs versus 2.8 for catheters. The predominant organisms isolated in catheter-related 
bacteremia were Gram-negative bacilli (55%), whereas in port-related bacteremia, Gram-
positive cocci (65%) were recovered more frequently than Gram-negative organisms 
(21%). 

In a prospective survey to compare the time to positivity of hub versus peripherally 
obtained blood cultures for the diagnosis of catheter-related bacteremia, Blot et al. 
observed 9 of 17 cases (53%) of CRBSI caused by  

Table 2 Frequency of Gram-Negative Organisms 
Associated with Long-Term Catheters, Compiled 
from Several Studies 

Number (%) of isolates recovered from bacteremia (I) or local (exit-site or tunnel) 
infection (II) 

Study 
Johnson, 
1986 (90) 

Benezra, 
1988 (88) 

Deckera, 
1988 (87) 

Groeger, 
1993 (17) 

Rotstein, 
1995 (89) 

  I II I II I II I II I II 

                    Total no. of 
isolates reported 

47 27 37 43 326 100 346 60 148 99 

Gram-negative 
bacilli 

19 
(40) 

15 
(56) 

18 
(49) 

25 
(58) 

91 
(28) 

41 
(41) 

191 
(55) 

12 
(20) 

38 
(26) 

16 
(16) 

Escherichia colib 4 (21) 0 0 0 16 
(18) 

5 (12)     11 
(29) 

3 (19) 

Enterobacter spp. 4 (21) 1 (7) 7 (39) 0 12 
(13) 

5 (12)     5 (13) 2 (13) 

Klebsiella spp. 2 (11) 0 0 0 16 
(18) 

9 (22)     4 (11) 1 (6) 

Serratia spp. 0 0 0 0 1 (1) 0     2 (5) 1 (6) 

Pseudomonas 
aeruginosa 

3 (16) 12 
(80) 

8 (44) 23 
(92) 

10 
(11) 

16 
(39) 

23 
(12) 

  9 (24) 7 (44) 

Acinetobacter spp. 3 (16) 1 (7) 3 (17) 0 9 (10) 5 (12)     3 (8) 0 
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aCompiles 13 studies. 
bPercent of Gram-negative isolates. 

Gram-negative bacteria; the majority of patients had either totally implanted ports or 
tunneled catheters (52). Flynn and collegues observed a high rate of recurrence of CRBSI 
with a totally implantable central venous catheter in children with cancer (56). Using 
quantitative blood cultures, 6 of 21 organisms (29%) recovered from 21 cases of BSI 
related to TIDs and 109 of 187 organisms (58%) recovered from 151 cases of CRBSI 
related to Hickman/ Broviac catheters were Gram-negative bacilli. 

Bloodstream Infections Caused by Contamination of Infusate or 
Blood Products 

Bacterial Contamination of Infusate 

Although less frequently than from infection of the percutaneous catheter tract or from a 
contaminated catheter hub, device-related BSI may also arise from contamination of 
infusate—parenteral fluid, blood products, or intravenous medications. In fact, cases of 
infusion-related bacteremia may be falsely attributed to the intravascular cannula due to 
failure to culture the infusate (70). 

Infusion-related sepsis has been reviewed extensively by Maki (13,69). Bacteria may 
be introduced either during manufacture of the infusate (intrinsic contamination) or 
during its preparation and administration in the hospital (extrinsic contamination). The 
pathogens implicated in the vast majority of nosocomial bacteremias related to 
contaminated infusate have been Gram-negative bacilli. This may, at least in part, be due 
to the different growth properties of specific microorganisms in parenteral fluids (see 
Section on “Pathogenesis”). Whereas contaminated infusate is a rare cause of endemic, 
infusion-related infection with most intravascular devices, it is well-documented as a 
common cause of epidemic nosocomial bacteremia (13, 69). In fact, nosocomial BSI 
caused by specific Gram-negative organisms such as Enterobacter spp—particularly E. 
cloacae and E. agglomerans—S. marcescens, and Burkholderia (Pseudomonas) cepacia 
that are able to multiply at room temperature in the solution involved points toward 
contaminated fluid as a possible source, and, if observed repeatedly, should prompt an 
indepth epidemiological evaluation. 

The problem and reported causes of epidemic infusion-related bacteremia due to 
intrinsic contamination of infusate—now exceedingly rare as a consequence of improved 
quality control standards—have been reviewed in detail by Maki (70). All of the 
outbreaks reported from U.S. and European hospitals, some of which have reached a 
nationwide scope, have involved Gram-negative bacilli (70, 93). The largest outbreak of 
this kind occurred in 1970–1971 and involved 378 patients in 25 U.S. hospitals. It was 
ultimately traced to contamination of the closures of unopened infusion bottles with E. 
cloacae and E. agglomerans during the manufacturing process (94). More recently, 
outbreaks of Pseudomonas bacteremia and pseudobacteremia due to intrinsic 
contamination of 10% povidone iodine, a widely used skin antiseptic, have been reported 
(95). 
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Most epidemics of infusion-related bacteremia, however, have originated from a 
common source of extrinsic contamination in the hospital, such as the use of 
contaminated disinfectants, repeated use of contaminated multidose medication vials 
(96), or improper sterilization of medical equipment, in particular of transducers used for 
arterial pressure monitoring (81,97,98). There have been more than 30 epidemics of 
nosocomial BSI traced to contaminated fluid within the administration set of arterial 
pressure monitoring devices. Again, the majority of these outbreaks (90%) were caused 
by Gram-negative bacteria, most frequently S. marcescens, Enterobacter spp., and B. 
cepacia (97). It has been speculated that the major reason for the predominance of Gram-
negative bacilli in these epidemics may be the specific growth properties of these 
organisms in heparinized saline and glucose-containing solutions. In many outbreaks, the 
hospital reservoir and the mode of transmission of the epidemic organism could not be 
determined, but the pathogen was found on the hands of health care workers involved in 
the care of patients receiving infusion therapy. In a recent report from the Centers for 
Disease Control (CDC), multiple outbreaks of nosocomial BSI that occurred in seven 
U.S. hospitals were linked to contamination of an intravenous anesthetic, propofol (99). 
Among 49 case patients identified, 10 (20%) acquired BSI due to Gram-negative 
pathogens: Enterobacter agglomerans and S. marcescens. Similarly, Ostrowsky and 
colleagues described an outbreak of S. marcescens bacteremia that was traced to a 
contaminated narcotic and involved 26 patients. Continuous infusion of fentanyl had been 
given to patients by a respiratory therapist who was found to have manipulated the 
fentanyl infusions, and whose hair samples tested positive for fentanyl (100). 

Bacterial Contamination of Blood Products 

Bacterial infections transmitted by contaminated blood or blood products have been rare, 
but they may be associated with severe morbidity, often culminating in septic shock and 
death. Various sources of contamination have been suggested, such as preexisting 
infection of the donor or bacterial invasion of the blood product during collection, 
preparation, and storage (101). A wide spectrum of bacteria have been implicated, but 
aerobic Gram-negative rods were the organisms most commonly involved (61%), with 
Pseudomonas spp. accounting for 28% of episodes. Transfusion-related sepsis due to 
Yersinia enterocolitica was associated with diarrheal illness of the donor (102), whereas 
an outbreak of Salmonella sepsis from platelet transfusions was traced to a hematogenous 
carrier of Salmonella cholera-suis (103). Cold-growing (psychrophilic) bacteria such as 
Yersinia spp., P.fluorescens, and Flavobacterium spp. may play an important role in the 
contam-ination of blood products, because once introduced even in small numbers they 
may grow to massive numbers during storage of whole blood at 4°C (104). In contrast, 
platelets are stored at room temperature and may become contaminated with bacteria 
such as Enterobacter spp. that grow well at 25°C to 37°C (105). In a recent review of 
transfusion-related sepsis, it is speculated that transfusion-related sepsis will eventually 
disappear as a consequence of the recent Food and Drug Administration (FDA) approval 
of culture methods for platelet bacterial testing and the promulgation of accreditation 
standards by the College of American Pathologists and American Association of Blood 
Banks to limit and detect platelet bacterial contamination (106). 
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CATHETER-RELATED INFECTIONS CAUSED BY SPECIFIC 
GRAM-NEGATIVE ORGANISMS 

Enterobacteriaceae 

The various members of the family Enterobacteriaceae, taken together, constitute the 
largest group of Gram-negative organisms involved in all types of nosocomial infections, 
including BSI and catheter-associated infections (17, 78), and they clearly predominate 
over P. aeruginosa and other nonfermenting Gram-negative rods (107). If the different 
species are considered separately, E. coli, Enterobacter spp., Klebsiella spp., and Serratia 
spp. are the leading causes of nosocomial BSI, whereas Citrobacter spp., Proteus spp., 
Morganella morganii, and Salmonella spp. are only rarely encountered 
(3,7,10,11,35,68,107). Rare enterobacterial species that have been implicated in CRI 
include Enterobacter amnigenus, Kluyvera cryocrescens, and Serratia odorifera, and 
they are covered in the chapter on Miscellaneous Organisms in this book. 

Escherichia coli 

E. coli is the most common cause of enterobacterial bacteremia, ranging in frequency 
from 31 to 47% of all Gram-negative bacteremias, and is predominantly associated with 
urinary tract infections (7,12,34,38,107). In light of the frequency with which E. coli is 
isolated from the bloodstream, it may be surprising that E. coli is an exceptionally rare 
cause of intravascular deviceassociated BSI. Gransden and coworkers reviewed 861 cases 
of E. coli bacteremia observed during an 18-year survey (38). In more than half of all 
cases (57%), bacteremia originated in the urinary tract, but E. coli was never encountered 
infecting an intravenous line. Bodey and colleagues, in a similar series of E. coli 
bacteremia in cancer patients, identified a catheter as the source of infection in only 1% 
(108). In prospective studies of catheter-related infections, E. coli is recovered less often 
than other Enterobacteriaceae. The frequency of E. coli among Gram-negative infections 
associated with tun-neled CVCs ranges from 10 to 26% (7,52,55,56,87–90), whereas 
nontunneled CVCs are rarely infected (0–14%) (49–51,53,74,76,77). 

Enterobacter spp. 

Enterobacter bacteremia is usually nosocomial and accounts for 5 to 16% of reported 
Gram-negative BSIs (7,11,12,34,35,109,110). In their large series of Enterobacter 
bacteremia in a cancer hospital, including 281 patients, Bodey and colleagues could 
identify a portal of entry in only 28%, and only two infections (<1%) were considered 
catheter-related (111). In contrast, the biliary tract (18%) and central venous catheters 
(15%) were the most common sources of Enterobacter bacteremia among 33 pediatric 
patients reviewed by Gallagher (39). Chow and coworkers prospectively studied 129 
patients with Enterobacter bacteremia. An abdominal source was the most common 
portal of entry (39%), followed by the urinary tract (13%) and intravascular catheters 
(11%) (110). Of special importance is the rapid development of resistance to 
cephalosporin antibiotics by Enterobacter (110). 
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Enterobacter spp., and E. cloacae in particular, are among the most common Gram-
negative organisms involved in CRI, rivaled only by Klebsiella spp. and P. aeruginosa. 
Enterobacter spp. constituted 12 to 39% of Gram-negative bacteria isolated from 
infections associated with long-term CVCs of the Hickman/Broviac type (9,55,56,87–
90). Enterobacter spp. were also frequently found causing infections associated with 
short-term CVCs, ranging from 6 to 33% among Gram-negative organisms (49–51, 53, 
74, 76). Enterobacter is rarely, if ever, recovered from infections related to small 
peripheral venous catheters (31, 49), pulmonary artery catheters (78, 79), and arterial 
catheters (80, 84, 97). 

Another characteristic feature of Enterobacter is its association with epidemics of 
bacteremia caused by contaminated intravenous products (16, 99, 100, 105). 
Enterobacter spp. are among the leading causes of epidemic nosocomial bacteremia, 
accounting for 9 of 97 epidemics reviewed by Maki (13). Enterobacter spp. were also 
involved in 5 of 23 nosocomial epidemics (22%) of bloodstream infection traced to 
arterial pressure monitoring that were reviewed by Mermel and Maki (97). 

Klebsiella spp. 

Microorganisms of the genus Klebsiella are one of the leading causes (11–19%) of Gram-
negative rod bacteremia, ranking second only to E. coli (7,11,12,34,36). Klebsiella 
bacteremia is most often a nosocomial disease with a strong association with septic shock 
(40). In an analysis of 100 episodes of Klebsiella bacteremia, García de la Torre et al. 
demonstrated that the most frequent portals of entry were the urinary, respiratory, and 
biliary tracts, whereas only four cases (4%) were considered catheter-related (40). 
Similarly, 13% of nosocomial Klebsiella bacteremia cases reported by Blot et al. were 
associated with contaminated central venous catheters in critically ill patients (112). 
Conversely, among 92 episodes of K. pneumoniae BSI described by Pena et al., 43% 
were considered catheter-related (113). 

Klebsiella spp. have been implicated in intravascular device-associated infections with 
frequency similar to Enterobacter spp. K.pneumonia usually predominates over 
K.oxytoca. Klebsiella spp. constituted 6 to 17% of Gram-negative bacteria isolated from 
infections associated with nontunneled CVCs (49–51,53,74,76), and they were also 
recovered from 11 to 23% of infections related to tunneled long-term CVCs that were 
caused by Gram-negative organisms (9,55,56,87,89,90). A Klebsiella species was the 
only Gram-negative organism found to be responsible for catheter-related sepsis 
associated with short peripheral catheters (71), although these organisms are 
exceptionally rare in these infections (49). 

Klebsiella spp. were also implicated—although less frequently than Enterobacter spp. 
and Serratia spp.—in nosocomial outbreaks associated with pressure transducers used for 
arterial pressure monitoring (82, 97), as well as in epidemic nosocomial bacteremia 
related to contaminated infusate (13). More recently, Pena et al. reported on a significant 
association between intravascular CRBSI and isolation of ESBL-producing K. 
pneumoniae (113). 
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Serratia spp. 

Serratia bacteremia is hospital-acquired in nearly all instances and tends to be associated 
with especially long durations of hospitalization. Serratia spp. constitute between 2 and 
6% of bacteremia cases in large surveys of Gram-negative bacteremia (7,11,12,34,36). In 
recent reviews of Sermtia bacteremia, the respiratory tract, urinary tract, and surgical 
wounds served as the most important portals of entry. Catheters were implicated as the 
origin of infection in only 2–9% (41,114). Like Enterobacter spp., these organisms are 
often multidrug resistant. 

Serratia spp. are considerably less often involved in CRI and catheter-related BSI than 
Enterobacter spp. and Klebsiella spp., ranging in frequency between 1 and 19% of all 
Gram-negative organisms recovered from infections associated with nontunneled CVCs 
(42,49–51,53,74,76) as well as long-term tunneled CVCs (9,87,89–91). However, 
Serratia spp. are among the organisms that should suggest the possibility of a 
contaminated infusion product if identified as a clear cause of device-associated 
bacteremia. S.marcescens accounted for 6 of 23 reported outbreaks (26%) of infection 
related to arterial pressure monitoring (97) and was the causative agent of nosocomial 
epidemic BSIs associated with a contaminated infusate (13,99,100). 

Pseudomonas aeruginosa 
P. aeruginosa is a ubiquitous organism that has been isolated from water, soil, and plants. 
It is also a frequent colonizer of human skin and mucous membranes, especially in 
hospitalized patients. The capability of P. aerugi-nosa to withstand adverse 
environmental conditions may have contributed to its role as a successful nosocomial 
pathogen. Hospital reservoirs of P. aeruginosa infection have included respiratory 
equipment, humidifiers, fluids for intravascular administration, ophthalmic solutions, 
soap, sinks, and disinfectants (115). 

Baltch recently gave a comprehensive historical review of the published literature on 
P. aeruginosa bacteremia (116). This bacteremia is predominantly nosocomial and 
typically occurs among patients with severe underlying disease. P. aeruginosa accounts 
for 8–17% of Gram-negative bacteremia cases in large series (7,10–12,35) and has been 
ranked sixth among the pathogens causing nosocomial BSI in critical care unit patients 
reported to the CDC (107). 

The urinary tract, the respiratory tract, and the skin appear to be the most common 
portals of entry for P. aeruginosa into the bloodstream. In their review of 108 cases of P. 
aeruginosa bacteremia, Flick and Cluff found the respiratory tract (20%) and the urinary 
tract (19%) to be the major sources, followed by intravascular catheters (15%) and the 
skin (11%) (117). In the largest series of P. aeruginosa bacteremia reported to date, 
Bodey et al. could not identify the portal of entry in the majority of cases. P. aeruginosa 
was cultured concomitantly from an intravascular catheter in only five cases (1%) (43). In 
more recent reports, the rate of catheter-related BSI among cases of P. aeruginosa 
bacteremia ranged between 7% and 14% (44,45,48,118,119). 

P. aeruginosa is among the predominant Gram-negative organisms causing CRI 
associated with various types of intravascular catheters, such as tunneled CVCs 
(9,17,52,55,56,88–91), nontunneled CVCs (49– 51,53,74,76), small peripheral venous 
catheters (31,49), and pulmonary artery catheters (78), ranging in frequency from 10 to 
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50% of all Gram-negative isolates. Not surprisingly, these organisms appear to play a 
predominant role as etiologic agents of CRIs in burn patients (30,120,121). 

Whereas P. aeruginosa bacteremia has appeared to decrease in cancer patients in 
recent years (9), this infection is on the increase in patients with AIDS (122–124). 
Roilides and coworkers reviewed 13 bacteremias and 25 nonbacteremic infections caused 
by Pseudomonas spp. in children infected with HIV (123). Central venous catheter-
related infections were most frequent and accounted for 10 of 13 bacteremias and 10 of 
25 nonbacteremic infections. P. aeruginosa was the most common pathogen. Nelson et 
al. found 19 episodes of Pseudomonas bacteremia among 584 adult patients with AIDS 
(124). Association with central venous catheters in 11 of 19 cases (58%) and the high 
mortality caused by CVC-unrelated bacteremias and in those patients whose central line 
was not removed was noted. Many investigators have noted the extremely high rate of 
mortality associated with hospital-acquired P. aeruginosa infections, which may range 
between 50 and 80% (34,35,45,117) but has appeared to decrease in the more recent past, 
probably due to the introduction of antipseudomonal betalactam antibiotics (43,119). 
Mortality is most pronounced in bacteremia secondary to respiratory tract infection and 
skin/soft tissue infections (45,116,118), but it appears to be considerably lower in 
catheter-related infections (43,125) and as low as 9% in patients with AIDS (123).  

Acinetobacter Species 
Until recently, the genus Acinetobacter comprised a single species, A. calcoaceticus, and 
two subspecies or biovars, A. calcoaceticus var. lwqffii and A. calcoaceticus var. 
anitratus. Following extensive taxonomic reorganization of the genus (126), at least 32 
(genomic) species are currently recognized, including the named species A. baumannii, 
A. calcoaceticus, A. haemolyticus, A. johnsonii, A.junii, A. lwqffii, A. parvus, A. 
radioresistens, A. schindleri, and A. ursingii. 

In recent years, Acinetobacter species have emerged as clinically important pathogens. 
Although the organisms are widely prevalent in nature, most human infections are 
hospital-acquired, with A. baumannii being the predominant species. 

Acinetobacter baumannii 

Nosocomial A. baumannii infections—such as respiratory tract infections, urinary tract 
infections, meningitis, and bacteremia—mainly affect patients with severe underlying 
illnesses in the ICU (36,37,98,127,128). Acinetobacter spp. account for 1 to 6% of Gram-
negative bloodstream isolates in large surveys of bacteremia (7,10–12), with considerable 
regional differences. In 1991, at the Institute for Medical Microbiology, Immunology and 
Hygiene, (University of Cologne, Germany), Acinetobacter spp. were among the top five 
organisms isolated from blood cultures, and among Gram-negative pathogens were 
second only to E. coli. 

A substantial part of A. baumannii bacteremia cases represent catheter-related 
infections that usually carry a more favorable prognosis. The association of Acinetobacter 
bacteremia with indwelling vascular access devices has been reported in early reviews 
dating to the early 1960s (129). As reviewed by Seifert and colleagues (36), the rate of 
catheter-related infections among BSI caused by Acinetobacter spp. varied considerably 
(8–90%) in more recent reports (36,37,98,130,131). Rolston et al. (130) noted an increase 
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in the number of A.calcoaceticus septicemia cases in cancer patients that paralleled the 
increasing use of intravascular catheters over a period of ten years. Beck-Sagué and 
coworkers (98) described an outbreak of A.baumannii infections that was traced to 
contaminated pressure transducers and involved 75 patients. In the largest survey of 
A.baumannii bacteremia reported to date (36), intravascular catheters were the major 
portal of entry and accounted for 39 of 87 (45%) bacteremia cases, followed by 
respiratory tract infections (31%) and skin and soft tissue infections (4%). The overall 
mortality was 44%, ranging from 21% in patients with catheter-related BSI to 100% in 
patients with pneumonia. However, according to a recent survey of A. baumannii 
bacteremia in critically ill patients, the reported attributable mortality rate was only 8%, 
and 7% of cases were considered catheter-related (128). 

In large prospective studies, Acinetobacter spp. were among the major organisms 
causing CRI. They accounted for 7 to 12% of Gram-negative bacteria isolated from 
infections associated with long-term CVCs of the Hickman/Broviac type (9,87,89,90). 
With similar frequency ranging from 4 to 24%, they were associated with infections of 
short-term CVCs due to Gram-negative organisms, in particular in patients with burns 
(30– 32,76,121). Siegman-Igra et al. (127) reported 25 cases of nosocomial Acinetobacter 
meningitis secondary to invasive neurosurgical procedures. The majority of infections 
were associated with indwelling ventriculostomy tubes (52%) or CSF fistulae (28%). 
Galvao et al. (132) reported 23 cases of Acinetobacter peritonitis in chronic peritoneal 
dialysis. Acinetobacter represented the second most common Gram-negative pathogen in 
CAPD peritonitis, and was nearly as frequent as Pseudomonas. Catheter removal for cure 
of the infection was only rarely indicated. 

Most of the early studies and many of the more recent studies were not based on the 
current taxonomy of the genus Acinetobacter, or did not use appropriate methods to 
unambiguously identify the intravascular catheter as the portal of entry in Acinetobacter 
BSI. Therefore, bacteremia cases and CRI due to A. baumannii and to other 
Acinetobacter species have never been clearly separated. In fact, the clinical significance 
of A. baumannii and its propensity to cause device-related bacteremia is clearly different 
from that of other Acinetobacter spp., as will be pointed out in the next section. 

Acinetobacter spp. Other Than Acinetobacter baumannii 

The clinical importance and hospital epidemiology of Acinetobacter spp. other than A. 
baumannii (formerly A. calcoaceticus var. lwoffii) are less well understood. These 
organisms are considered part of the normal flora of the human skin and mucous 
membranes and have only rarely been implicated in human disease. However, rare cases 
of meningitis, endocarditis, and bacteremia have been described (130, 133–136). 

Nosocomial bacteremia due to these organisms is mostly sporadic and almost 
exclusively related to intravascular devices (137). Seifert and colleagues recently 
reviewed 55 episodes of true bacteremia caused by Acinetobacter spp. other than A. 
baumannii that ocurred in 53 patients during a study period of 18 months (134). 
Acinetobacter spp. were not recovered from any other specimen obtained for culture in 
these patients, except from catheter tips. The most frequently isolated species were A. 
johnsonii (n=14), Acinetobacter species 3 (n=12), and A. lwoffii (n=10). These species 
are also the most common Acinetobacter spp. isolated from the skin of healthy volunteers 
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and hospitalized patients (138). Other Acinetobacter spp. (A. junii, A. haemoly-ticus, 
Acinetobacter species 6, 10, and 12) were only rarely recovered from blood specimens. 
The clinical presentation was usually benign, and all but four patients (93%) were cured. 
Using strict criteria, fifty episodes (90.9%) of Acinetobacter bacteremia were considered 
definite or probably catheter-related. Only six patients showed clinical signs of exit-site 
infection. One episode of meningitis following neurosurgery was felt to be related to an 
indwelling ventricular catheter. 

The main differences regarding predisposing factors, epidemiologic features, and 
clinical characteristics of CRBSI caused by A. baumannii and Acinetobacter spp. other 
than A. baumannii, have been reviewed in detail by Seifert(139). 

PATHOGENESIS 

The complex pathogenesis of CRI is reviewed by Sherertz in another chapter of this 
book. However, nearly all in vitro and animal studies investigating the pathogenesis of 
infections related to intravascular devices have focused on Gram-positive organisms, in 
particular coagulase-negative staphylococci and S.aureus, as well as Candida spp. (8). 
Little is known about the specific factors involved in the pathogenesis of CRI due to 
Gram-negative organisms. 

It is widely accepted that the largest proportion of catheter-related BSIs derive from 
the cutaneous flora at the insertion site or from contamination of the catheter hub (69). As 
demonstrated earlier, enteric Gram-negative rods—if compared with Gram-positive 
bacteria—are implicated less frequently in catheter-related infections, especially those 
associated with peripheral and nontunneled CVCs. This may be partly explained by the 
fact that Gram-negative bacteria, with the exception of Acinetobacter spp., are not part of 
the resident human skin flora. However, with prolonged hospitalization, patients are 
increasingly colonized with nosocomial pathogens, namely P. aeruginosa, Enterobacter, 
and Klebsiella spp., especially in areas with high endemic transmission, such as ICUs. In 
a prospective surveillance study, we recently showed that during a nosocomial outbreak 
due to A. baumannii in a surgical ICU, 74% of patients hospitalized for more than 72 
hours were colonized with the epidemic strain after a mean ICU stay of four days (140). 
Respiratory tract colonization was usually demonstrated initially and followed by 
colonization of various body surface sites. The skin of the subclavian region, the area 
most commonly used for the insertion of CVCs, showed the highest colonization rates, 
followed by the axilla, groin, and antecubital fossa. Thus, in the epidemiological setting 
described here, nosocomial Gram-negative pathogens may colonize intravascular 
catheters in a way similar to that of the common Gram-positive bacteria that are usually 
present on human skin. 

The properties that cause adherence of staphylococci to intravascular catheters play a 
predominant role in the pathogenesis of device-related infections due to CoNS. Usually, 
Gram-negative bacteria adhere less readily to polymer surfaces than CoNS, with the 
exception of P. aeruginosa and Acinetobacter spp. (141). Scanning electron microscope 
studies revealed that colonization of polyurethane catheters with different Acinetobacter 
spp. occurred in a similar time frame and to an extent comparable to CoNS (author’s 
unpublished observation). 
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Like most environmental bacteria, P. aeruginosa lives predominantly in biofilms 
adherent to available surfaces, from which it periodically releases planktonic (free-
swimming) cells. P. aeruginosa possesses a tremendous array of virulence factors that 
have been excellently reviewed by Woods and Vasil (142). As observed with CoNS, 
growth in biofilms protects P. aeruginosa cells from antibacterial factors produced by the 
host as well as from antibiotics, and may account for the survival and extended 
persistence of the bacteria on foreign devices. P. aeruginosa embedded in thick biofilm 
has been seen on a variety of transcutaneous medical devices such as vascular catheters 
(143), peritoneal catheters (144), and urinary catheters (145). It has been suggested that 
polymer catheters made of PVC or silicone may favor survival and growth of P. 
aeruginosa (146). 

Other mechanisms, such as the invasion of bacteria from contaminated parenteral 
fluid, are only rarely involved in CRBSI caused by staphylococci (71) but, as 
demonstrated earlier, they may play an important role in the pathogenesis of CRBSI 
caused by Gram-negative bacteria. The contribution of hematogenous seeding of the 
catheter tip from remote unrelated sites of infection to catheter colonization and sepsis 
has only rarely been demonstrated (69). In patients with hematological disorders, 
however, especially in those with altered mucosal barriers following cytotoxic 
chemotherapy, there may be translocation of endogenous gut bacteria to the catheter 
(147). Groeger and coworkers suggested that this mechanism may explain the fact that 
device-related bacteremia in cancer patients was caused predominantly by Gram-negative 
enteric bacilli (17). 

The different growth properties of microbial pathogens in parenteral fluids may also 
play an important role. Although microbial growth in most solutions used for parenteral 
administration is rather poor, different infusion fluids may support the growth of specific 
organisms. Parenteral nutrition solutions are excellent substrates for the growth of certain 
microorganisms. Goldmann and coworkers demonstrated that K. pneumoniae and S. 
marcescens grew exuberantly in peptone containing casein hydrolysate-dextrose solution, 
whereas other bacteria tested, such as S. aureus, E. coli, and P. mirabilis, grew more 
slowly and P. aeruginosa slowly died (148). Distilled water may allow the proliferation 
of B. cepacia (149), Acinetobacter, and Serratia spp. (69). Glucose-containing solutions 
(5% dextrose in water) support the growth of Klebsiella spp., Enterobacter spp., Serratia 
spp., and B. cepacia, whereas E. coli, Proteus spp., and P. aeruginosa gradually loose 
viability (150). Sodium chloride solutions may support the growth of many Gram-
negative bacteria. These solutions, however, usually do not allow growth of Gram-
positive bacteria. Lipid emulsions, in contrast, allow rapid multiplication of nearly all 
microorganisms (151). 

COMPLICATIONS 

Arnow and coworkers recently assessed the consequences of intravascular catheter sepsis 
in 94 patients with 102 episodes of CRBSI due to percutaneously inserted catheters (61). 
Major complications occurred in 33 (32%) of the episodes and included septic shock (12 
episodes), sustained sepsis (12), suppurative thrombophlebitis (7), metastatic infection 
(2), endocarditis (2), and arteritis (2). The risk of major complications was highest in 
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catheter-related BSI caused by Candida spp. (64%), P. aeruginosa (50%), and S. aureus 
(38%), followed by Gram-negative enteric bacilli (20%). 

Suppurative thrombophlebitis, defined as the presence of intraluminal pus, is an 
inflammation of the vein wall due to the presence of microorganisms and is frequently 
associated with thrombosis and sustained bacteremia (151a). Suppurative 
thrombophlebitis is the most serious form of catheter-related infection and is particularly 
frequent in burn and trauma patients (152). In recent years, most cases of septic 
thrombophlebitis have been due to Gram-negative bacteria. Garrison and coworkers 
reviewed 29 cases of septic thrombophlebitis over a seven-year period (153). Gram-
negative enteric bacilli, especially Enterobacter and Klebsiella spp., were the causative 
agents in 21 cases (72%), followed by S. aureus (24%). Similar results were reported by 
Johnson and coworkers, who noted a correlation between the isolation of enteric 
organisms (Gram-negative rods and enterococci) from the inflamed veins and recent 
abdominal surgery (154). Surgical intervention with excision of the inflamed vein is 
considered the treatment of choice for suppurative thrombophlebitis. For catheter-related 
central vein suppurative thrombophlebitis, the recommended approach is catheter 
removal, anticoagulation with heparin, and prolonged antibiotic therapy (155). 

Infective endocarditis is another serious complication of CRI. Gouello et al. recently 
reviewed 22 patients with nosocomial endocarditis (156). Intravascular devices were the 
source of bacteremia resulting in endocarditis in 11 (50%) of these cases. Nosocomial 
endocarditis was due predominantly to S. aureus and CoNS, whereas only two episodes 
were due to a Gram-negative pathogen, P. aeruginosa. 

MANAGEMENT 

The management of device-related infection depends on the type of catheter, the 
underlying illness of the patient, the infecting microorganism, and the type of infection 
(157), and is covered in the respective chapters elsewhere in this book. This section 
attempts to summarize the currently recommended approaches to the management of 
intravascular device-related infection caused specifically by Gram-negative organisms. 

Although the infection of CVCs may be successfully treated without catheter removal, 
it is common practice to remove and culture a short-term, percutaneous, noncuffed 
intravascular catheter that is suspected of being infected, irrespective of the pathogen 
cultured (157, 158). This holds true also for peripheral catheters, pulmonary artery 
catheters, and arterial catheters used for hemodynamic monitoring. As outlined in a 
recently published guideline for the management of catheter infections, systemic 
antibiotic therapy for 10–14 days is recommended for cases of Gram-negative BSI related 
to removable central venous catheters (157). However, prospective studies to support this 
approach are lacking. Antibiotic therapy should be based on in vitro suceptibility of the 
infecting pathogen, but the superiority of a specific class of antibiotics in the treatment of 
Gram-negative device-related BSI has not been demonstrated. 

Uncomplicated BSI associated with surgically implanted Hickman or Broviac 
catheters usually responds to intravenous antibiotic therapy with the catheter left in place, 
particularly if antibiotic lock therapy is instituted. Most investigators did not observe that 
the type of pathogen was an important factor in curing patients with catheter-related 
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bacteremia without removal of the catheter (56, 86, 90, 159). Of 172 episodes of CRBSI 
reported by Flynn and colleagues, 149 (87%) were successfully treated with intravenous 
antimicrobial therapy and without catheter removal initially (56). However, there were 
eight cases of recurrent bacteremia (44%) in 18 patients with totally implantable catheters 
that had remained in place, as opposed to 10 recurrences (8%) among 131 patients with 
Hickman/Broviac catheters that were not removed initially. Among 16 cases of BSI 
related to Hickman/Broviac catheters caused by E. cloacae and treated with antibiotics 
alone, only one case of recurrence (6%) was observed 94 days after initial recovery of the 
organism. Similarly, two recurrences (18%) were observed among 11 cases of P. 
aeruguinosa CRBSI after 21 and 105 days, respectively. Of the eight recurrences 
associated with infected totally implantable catheters, two were due to Gram-negative 
pathogens. 

In contrast, Rotstein and associates demonstrated that fungal or Gram-negative 
pathogens were most predictive of catheter removal (89). Twenty-five (24%) of 103 
Hickman catheter-related infections due to Gram-positive organisms resulted in catheter 
removal, in contrast to 13 (52%) of 25 infections caused by Gram-negative bacilli. 
Certain organisms such as S. aureus, Bacillus spp., Corynebacterium jeikeium, yeasts, 
and atypical mycobacteria have been traditionally considered to be difficult to eradicate 
and may require catheter removal. Mermel and colleagues have recommended that 
uncomplicated BSI related to tunneled central venous catheters or totally implantable 
ports may be treated with systemic and antibiotic lock therapy for 14 days. Complicated 
cases of CRBSI such as those associated with tunnel infection or port abscess, in contrast, 
require catheter removal combined with systemic antibiotics for 14 days (157). 

Various reports have demonstrated that catheter-related BSI, including those caused 
by enteric Gram-negative bacilli, can be cured with intravenous antibiotics administered 
over the infected catheter (56, 86, 87, 125, 159). More recently, a new technique to treat 
central venous catheter infection has been proposed. Called the antibiotic lock technique, 
it involves instillation of a highly concentrated antimicrobial agent into the catheter 
lumen, where it remains in place for 12 hours. Successful management of CRI with this 
technique, including infections caused by Gram-negative organisms, has been 
documented (160–162). In a similar protocol, Rao et al. successfully treated Broviac 
catheter infection caused by Gram-negative bacilli with 8-hourly instillation of 1 ml of 
heparinized amikacin solution (163). Capdevila et al. prospectively studied 36 chronic 
renal failure patients who had 13 episodes of CRBSI (164). Vancomycin and/or 
ciprofloxacin were administered in a 4-hour continuous infusion, at a concentration of 
100 µg/ml, into each catheter lumen between two dialysis sessions. All episodes in which 
S. epidermidis and P. aeruguinosa accounted for 77% of the isolates were successfully 
treated without catheter removal. 

Gascon and colleagues recently described the successful catheter salvage in a 
hemodialysis patient with CRBSI caused by P. aeruguinosa, using IV aztreonam and oral 
clarithromycin after initial therapy with ceftazidim and amikacin had failed to eradicate 
the organism (165). Clarithromycin was administered in an attempt to destroy the 
Pseudomonas biofilm. Krishnasami et al. (23) prospectively analyzed the efficacy of an 
antibiotic lock protocol, consisting of vancomycin (5 mg/ml), gentamicin (4 mg/ml), and 
cefazolin (10 mg/ml) combined with systemic intravenous antibiotic therapy 
administered for three weeks in patients with dialysis catheter-related bacteremia. 
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Catheter salvage occurred in 40 of 62 patients (64.5%). The bacteriological success rate 
was similar for Gram-positive (64%) and Gram-negative pathogens (59%). However, 
serious complications occurred in 11 patients, including septic shock (5 patients), septic 
arthritis (1), and endocarditis (3). Six of the infections resulting in serious complications 
were caused by Gram-negative bacilli. The antibiotic lock technique was recently 
reviewed extensively by Carratalà (166). 

Catheter removal was significantly associated with survival in patients with 
bacteremia caused by A. baumannii, whereas appropriate antimicrobial therapy was not 
(36). The occurrence of multiresistant strains often limits therapeutic options (167). 
Acinetobacter spp. other than A. baumannii, in contrast, are usually susceptible to most 
antimicrobial agents, and successful management of bacteremia due to these organisms in 
one series included catheter removal in 45 cases (82%) and appropriate antimicrobial 
therapy in 34 cases (62%). Seven patients were successfully treated with the catheter left 
in place (134). 

The management of catheter-related infections caused by Pseudomonas is less clear. 
Whereas some reseachers have found P. aeruginosa among the organisms that more 
frequently have required catheter removal (89), others have not documented a correlation 
between specific Gram-negative organisms and failure to eradicate these organisms from 
an infected catheter left in place (56,125,168). Elting and Bodey reviewed their 
experience with catheter-related bacteremia caused by S. maltophilia and nonaeruginosa 
Pseudomonas spp. (169). They noted a high rate of treatment failure and recurrence when 
the catheter was not removed, whereas all patients whose catheters were removed were 
cured. Similar observations were made by Nelson et al. in patients with catheter-related 
P. aeruginosa bacteremia associated with HIY (124). Conversely, 13 of 20 catheter-
related P. aeruginosa infections (65%) reported by Roilides et al. (123) were successfully 
treated with appropriate antibiotics without removal of the involved catheter. Prompt 
initiation of appropriate therapy, usually administered as a combination of an 
antipseudomonal betalactam and an aminoglycoside, is considered crucial to improve 
survival. 

Whereas exit-site infections usually can be treated with antibiotics and local care 
without removal of the catheter (87, 90), management with the catheter left in place is 
probably less successful in tunnel infections that require catheter removal if not 
responding promptly to intravenous antibiotics (88, 170). This may be especially true if 
these infections are caused by P. aeruginosa. Of the 20 tunnel infections reported by 
Benezra and associates (88), only five were successfully treated with antibiotics, and the 
other 15 required catheter removal for cure. Eleven of the cases requiring catheter 
removal were caused by P. aeruginosa. 

CONCLUSION 

Although less often implicated than Gram-positive organisms, Gram-negative bacilli, in 
particular members of the family Enterobacteriaceae, P. aeruginosa, and Acinetobacter 
spp., account for up to one-third of infections associated with most intravascular devices. 
Rates as high as 50% have been observed in catheter-related BSI, as well as in exit-site 
and tunnel infections due to these organisms, if surgically implanted catheters are 
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involved. Of particular importance is the propensity of certain Gram-negative organisms 
to cause infections associated with bacterial contamination of infusate and contamination 
of blood products, probably due to the specific growth properties of Gram-negative 
bacilli in various infusion fluids. These organisms have also been implicated in the 
majority of hospital outbreaks of infusion-related bacteremia. 

Factors involved in the pathogenesis of CRI associated with Gram-negative bacilli 
have only rarely been investigated. As with CoNS, the adherence properties and the 
formation of biofilm of certain Gram-negative organisms, such as P. aeruginosa and 
Acinetobacter spp., may play an important role in the pathogenesis of these infections. 

The treatment of CRI due to Gram-negative organisms is usually not different from 
the general recommendations regarding the management of infections associated with 
intravascular devices, although this question has not been specifically addressed in 
prospective clinical trials. Treatment of Gram-negative infections associated with 
surgically implanted catheters, including antibiotic lock therapy, has been equally 
successful as with Gram-positive organisms. Possible complications such as sustained 
bacteremia and suppurative thrombophlebitis, which is most often caused by Gram-
negative organisms, have to be considered. There is evidence, however, that CRI due to 
P. aeruginosa usually requires catheter removal for cure. 
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INTRODUCTION 

The past three decades have witnessed major changes in hospital populations and in the 
technology used in healthcare. As a result, there has been an improvement in patient 
survival; some of these patients are highly susceptible to infection. These patients often 
have diseases and complications that require the use of invasive techniques for both 
monitoring and treatment. Fungi are pathogens that can take advantage of these 
procedures, especially in the compromised host. 

Multiple studies from various hospitals have reported an increased rate of nosocomial 
fungal infections. Bloodstream infections (BSI) are one of the most serious hospital-
acquired infections and many are caused by the use of vascular catheters, which are 
widely used in hospitals for monitoring and intravenous therapy, especially in intensive 
care units. 

Several factors interfere with an analysis of fungal infections caused by indwelling 
intravascular catheters. One is the widely differing criteria used to define fungal infection 
or colonization of vascular catheters. Another is that the vast majority of published 
articles do not differentiate between the different etiologic agents involved in such 
infections. Many studies do not specify catheter type or whether the catheter had been in 
use on a short- or long-term basis. To complicate matters further, different populations of 
patients with a variety of different intravascular catheters are analyzed together. 

The incidence of nosocomial bloodstream infection has ranged from 1.2 to 13.9 per 
1000 hospital admissions, and from 0.3 to 2.02 per 1000 days of care (1). Primary 
nosocomial candidemia rates ranged from 2.8 per 10,000 discharges in nonteaching 
hospitals to 6.1 per 10,000 discharges in large teaching hospitals in 1989, according to 
data collected by the National Nosocomial Infections Surveillance (NNIS) program (2). 
This represented a fivefold increase over the period 1980–1989. Beck-Sagué and 
coworkers (3) analyzed data collected by the NNIS program from 115 hospitals from 
January 1980 to December 1990. During this time, 30,477 nosocomial fungal infections 
were reported. The nosocomial fungal infection rate at the facilities increased from 2.0 
infections per 1000 patients discharged in 1980 to 3.8 in 1990, while cases of nosocomial 
fungemia rose from 1.0 to 4.9 per 10,000 patients discharged. The proportion of 
nosocomial infections reported by all hospitals due to fungal pathogens at all major sites 
of infection rose from 6% in 1980 to 10.4% in 1990, and the proportion of nosocomial 
bloodstream infection that was fungal increased from 5.4 to 9.9%. The proportion of 



bloodstream infections due to fungal pathogens varied depending on patient care 
characteristics. Patients who had a central intravascular catheter were more than three 
times as likely to have a fungus isolated as were patients with bloodstream infection who 
did not have such a catheter (P<0.001). 

Central line-associated bloodstream infection rates have varied among different types 
of intensive care units (ICUs). Device-associated bloodstream infections have accounted 
for more than 90% of the bloodstream infections reported to the NNIS (4). In a 
prospective study of five hospitals in Germany and Switzerland, Daschner and colleagues 
(5) reported that nosocomial bloodstream infections accounted for 14.2 to 28.8% of all 
nosocomial infections occurring in the ICUs. 

Most of the species of microorganisms causing primary nosocomial bloodstream 
infections at NNIS hospitals did not change significantly from 1975 to 1983 (4). In 1975, 
Candida spp. did not appear on the list of the 10 leading pathogens, but in 1983, it was 
the seventh most common pathogen, representing 5.6% of cases. Candida accounted for 
7.8% of cases for the period 1986–1989, and was the fourth most common etiologic agent 
in primary bloodstream infections. Morrison and colleagues (6), using a statewide 
surveillance network in Virginia, found that coagulase-negative staphylococcus and 
Candida spp. were the only pathogens that demonstrated statistically significant increases 
in bloodstream infection rates over the period 1978–1984. Fungi accounted for 6% of 
bloodstream infections in a neonatal intensive care unit between 1976 and 1978, and 13% 
of bloodstream infections in the same unit between 1979 and 1981 (7). 

Another study describes the trends in antifungal use and the epidemiology of 
nosocomial yeast infection between 1987–1988 and 1993–1994. Rates of yeast infections 
increased threefold in the medical and surgical intensive care units, reaching rates in 
1993–1994 of 6.95 and 5.25/1000 patient days, respectively. The rate of bloodstream 
infections increased from 0.044/ 1000 patient days to 0.098 (8). During the same period, 
the incidence of candidemia increased fivefold in medical centers having more than 500 
beds and 2.2-fold in those with fewer than 200 beds. Candida was responsible for 7.2% 
of bloodstream infections (10.2% in ICUs), preceded by enterococci, Staphylococcus 
aureus and coagulase-negative staphylococci (3). Over the past two decades, Candida 
species have become the fourth most common cause of bloodstream infections among 
patients in intensive care units (9). A 20-fold increase in the rate of candidemia was 
reported in a single institution where nosocomial infections were prospectively surveyed 
from 1981 through 1990 (10). However, recent data suggest that this incidence may be 
stable in some other institutions (11). 

Mortality due to fungal nosocomial bloodstream infection is significant. Miller and 
Wenzel (12), studying 385 episodes of nosocomial bloodstream infections, found that the 
presence of Candida spp. and Pseudomonas spp. were independent predictors of death. 
An NNIS analysis (3) showed that patients with fungemia were more likely to die during 
hospitalization [954 (29%) of 3256] than were patients with bloodstream infection due to 
nonfungal pathogens [5594 (17%) of 3882; relative risk (RR), 1.8; 95% confidence 
interval (CI), 1.7–1.9; P<0.001]. 

A relationship between candidemia and indwelling vascular catheters has been 
recognized for decades. In 1962, Louria et al. (13) reported that 23 of the 29 patients who 
developed systemic candidiasis had indwelling vascular catheters. In four of these 
patients, cultures from the skin around apparently uninfected cutdown sites, taken at the 
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onset of fungemia, grew species of Candida that were identical to those found in the 
blood. 

Fungi can cause important infection in long-term intravascular catheters such as 
Hickman and Broviac-tunneled catheter and subcutaneous ports. Between January 1982 
and December 1983, King and coworkers (14) studied 335 Broviac catheters placed in 
270 infants and children. Laboratory-confirmed bloodstream infection occurred on 77 
occasions (23%), an average of one episode for every 434 days of catheter use. Eighty-
three bacterial isolates (94%) and five fungal isolates were recovered from blood culture. 
The fungemias involved two patients with Candida spp. and three patients with 
Malassezia furfur. 

Uderzo et al. (15) studied infectious and mechanical complications occurring with 
long-term central venous catheters in children with hematological malignancies who 
underwent bone marrow transplantation. Pseudomonas and Candida species were more 
commonly isolated in hospital-managed patients, whereas coagulase-negative 
staphylococci were more frequently isolated in domiciliary infections. 

Colombo et al. (16) analyzed 145 consecutive patients with fungemia. The majority of 
cases had received broad spectrum antibiotics before the onset of candidemia. 
Nonalbicans species accounted for 63% of all episodes. The species most frequently 
causing candidemia were Candida albicans (37%), Candida parapsilosis (25%), and 
Candida tropicalis (24%). The overall crude case fatality rate was 50%. 

In summary, it seems likely that during the past decade, the overall incidence of 
nosocomial fungemia has continued to increase, with most cases involving Candida 
species and many such infections being related to the use of intravascular catheters. 

PATHOGENESIS 

The pathogenesis of fungal infections due to intravascular devices may be infusion-
related or cannula-related. Infusion-related sepsis is very rare, but the lack of awareness 
of the problem can contribute to underreporting by health care workers (17–19). 

The infusate can be contaminated during manufacture (intrinsic contamination) or 
during preparation and administration in the hospital (extrinsic contamination) (17). 
There are several reports of fungemias secondary to the contamination of parenteral 
formulations (20–22). 

There is a strong relationship between C. parapsilosis fungemia or systemic infection 
and hyperalimentation using intravascular devices (23). The adherence of C. parapsilosis 
to plastic materials exceeds that of C. albicans. The capability of C. parapsilosis isolates 
to proliferate and produce large amounts of slime in glucose-containing solutions may 
help to understand their ability to adhere to plastic material and cause catheter-related 
fungemia (23–26). 

Another example of a systemic yeast infection specifically related to catheter use is M. 
furfur. Fungemia due to M. furfur, which does not involve the gastrointestinal tract, 
almost invariably has an intravascular line as a portal of entry. This organism proliferates 
in fat emulsions and has been particularly associated with catheter-related fungemias in 
pediatric patients undergoing hyperalimentation (18,27). Occlusion of catheter and 
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adhesion of the central venous catheter to the wall of the vein has been reported in 
association with M. furfur infection (28,29). 

Central venous catheters, particularly long-term catheters, are the intravascular devices 
most likely to cause infection (17). The source of catheter-related bacteremia has been 
investigated by several authors and is still a controversial subject. The skin surrounding 
the insertion site can be a source of the fungus and, as a consequence, of catheter-related 
infections. Other investigators have highlighted the hub as an important source of 
catheter-related bloodstream infection (17,30–32). Raad et al. (33) found that luminal 
colonization increases progressively with duration of catheterization and that in short-
term central venous catheters, the skin was the main source of extraluminal catheter 
colonization; in long-term vascular catheters (>30 days), colonization is predominantly 
luminal. 

Despite the paucity of published studies on the pathogenesis of catheter-related 
fungemia, it seems reasonable to discuss mechanisms of fungal infection according to the 
models that have been proposed to explain catheter-related bacteremia. Thus far, 
suboptimal site care during insertion and thereafter by health care workers and skin 
colonization appear to be potential sources for fungal infections. Once the organism 
reaches the catheter, it adheres to and propagates on the surface of the catheter or the 
surrounding fibrin clot. However, it is important to note that the data used to support the 
cutaneous source of candidemia is surprisingly incomplete. Indeed, there is no single 
study that supports the skin hypothesis on the basis of density and sequence of candidal 
colonization or by using molecular-relatedness studies (34). 

Fungi can be found colonizing the site of catheter insertion and the subcutaneous tract 
created by the catheter in patients with infected intravascular devices (35,36). This is an 
indication that catheter-related fungemia can be the result of invasion of yeast at the site 
of catheter insertion and along the subcutaneous tract created by the catheter. It is likely 
that the administration of broad-spectrum antibiotics plays a role in eradicating 
endogenous competing flora and promoting overgrowth of yeast in the skin area 
surrounding the catheter entry site. Polymyxin-neomycin-bacitracin ointment placed at 
the catheter exit site results in a 50% decrease in the frequency of bacterial colonization, 
but a fivefold increase in fungal colonization of the catheter (37), and has been associated 
with an increased risk of catheter-related candidiasis in some studies (38). In addition, 
underlying diseases can contribute to local yeast catheter wound colonization and 
infection (39). 

Another possibility is yeast colonization of the hub through contact of the device with 
the patient’s skin flora or the hands of health care personnel, with subsequent entry of 
fungi into the catheter lumen at the time of catheterization and migration along the 
luminal surface to the intravascular portion of the device. In support of this hypothesis is 
the observation of an adherent biofilm, including hyphal elements, on the luminal surface 
of long-term intravascular catheters removed from patients who had developed Candida 
spp. fungemia (40,41). 

Finally, hematogenous seeding of vascular catheters following secondary fungemia 
could cause catheter colonization and persistence of infection. According to Anaisse et al. 
(42), this phenomena is not frequent, but it may be more common for Candida spp. than 
for other microorganisms causing catheter-related bloodstream infections (17). There is 
an increasing evidence, in neutropenic patients, that the gut may be a prominent source of 
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candidemia, especially if they have mucositis. It has been postulated that circulating yeast 
attach to the intravascular catheter, thus creating a continuous focus of seeding into the 
bloodstream (18). Infected indwelling intravenous devices are often the source of 
persistent infection in cancer patients, although in patients with extensive gastrointestinal 
tract mucosal excoriation, the endogenous flora may serve as a reservoir. Persistent 
granulocytopenia, recent insertion of an intravascular catheter, and prior broad-spectrum 
antibiotic therapy are common predisposing factors for breakthrough fungal infection 
(43). 

Primary cutaneous aspergillosis has been reported as a cause of infection at the 
cutaneous catheter exit site. In this clinical situation, the source of infection appears to be 
the adhesive tape or arm boards (44–47). Other molds have been associated with 
infections related to intravascular devices, such as Paecilomyces spp. and Fusarium spp. 
(48,49). 

Candida species can be a cause of suppurative peripheral thrombophlebitis. According 
to Walsh et al., the pathogenesis of this infection appears to be the result of preceding 
candidal colonization of the skin and inadequate intravenous site care in susceptible 
patients, permitting candidal infection of the catheter wound and progression to the 
venous wall. Additionally, candidemia from other sites could cause colonization of the 
catheter with subsequent candidal trombophlebitis (50). 

After colonization of the catheter, microbial factors and host immunity play a role in 
the progression to fungemia and clinical sepsis (39). 

DIAGNOSIS 

Gram staining and cultures must be performed from pus obtained from any superficial or 
subcutaneously infected site that is related to the use of peripheral or central venous lines. 
In cases of suppurative peripheral thrombophlebitis, histopathology and culture of the 
removed segment of thrombosed vein is usually very helpful in diagnosing the causative 
agent (51,52). 

Several methods have been described for the diagnosis of vascular catheter-related 
septicemia (53–55). Unfortunately, the accuracy of these methods for correctly 
identifying catheter-related fungal infections has not been demonstrated. A 
semiquantitative roll plate culture method and several quantitative methods that permit 
culture of the internal surface of catheters have been applied to the diagnosis of catheter-
related septicemia (56,57). However, the original data obtained in these studies were 
related to bacterial and not fungal infections. As a consequence, there is not a validated 
“gold standard” for diagnosing catheter-related fungemia. 

Khatib et al. (58) published data from a retrospective study in which 3544 
intravascular catheters had been cultured by a semiquantitative culture technique (SQC). 
Candida species were present in 80 catheters. The authors found a high rate of SQC-
positive specimens among patients with invasive candidiasis, but also found that many 
colonized catheters were not associated with corresponding clinical illness. 

Telenti et al. (59), studying the relationship between quantitative data from peripheral 
blood cultures and source of infection, found a good correlation between high-grade 
candidemia (>25 colony-forming units (cfu)/10 ml of blood) and an intravascular source 
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of fungemia. Of 48 episodes of high-grade fungemia, 43 (90%) were associated with an 
infected intravascular device. However, it is important to note that the authors used 
Maki’s criteria as the gold standard to classify episodes of candidemia that were 
associated with an intravascular device (53). 

Available culture methods are associated with low sensitivity for recognition of 
systemic candidiasis. New diagnostic approaches have been used to identify and monitor 
the course of patients with disseminated candidiasis. These methods include the detection 
of cell wall mannan, cytoplasmic antigens similar to Candida enolase antigens, and 
specific metabolites such as D-arabinitol. Another possibility is the detection of Candida 
spp.-specific genomes by polymerase chain reaction. All of these methods are currently 
under development and investigation, and are not routinely available in clinical 
microbiology laboratories (60). 

EPIDEMIOLOGY AND RISK FACTORS 

Previous studies have identified several risk factors for the development of nosocomial 
fungemia. Among the clinical characteristics that most consistently increase this risk are 
neutropenia, use of broad-spectrum antibiotics, hyperalimentation, antecedent surgery 
(especially abdominal surgery), and indwelling catheters (18). In 1967, Ellis and Spivack 
(61) described a series of 12 patients with disseminated candidemia; all had intravenous 
catheters in place and Candida was recovered from three of the catheters. In the same 
year, Louria et al. (62) presented a series of seven patients with fungemia due to yeasts 
other than C. albicans. All patients had intravascular catheters. Vic-Dupont, Coulaud, and 
Delrieu (63) found that intravascular catheters were the source for 16 out of 30 cases of 
candidemia. Between 1969 and 1970, Williams et al. (64) published a review of 27 cases 
of Candida septicemia; 25 of the patients had indwelling central venous catheters. More 
significantly, the authors found that 89% of these 25 patients had developed positive 
cultures after the central venous line had been in place for two weeks. 

Long-term, indwelling, central venous catheters have facilitated the care of patients 
with cancer, but local and systemic infections remain a major cause of morbidity and 
catheter failure. Fungal infections have complicated the management of patients with 
these catheters for many years. In 1979, Hickman et al. (65) published an article showing 
Candida spp. and Nocardia spp. colonization of Broviac catheters in bone marrow 
transplant recipients. 

Lecciones and colleagues (18) reviewed a total of 155 episodes of fungemia associated 
with an indwelling central catheter that had developed in 149 inpatients with cancer 
during a 10-year period (January 1979 to December 1988). The majority of the patients 
had lymphoma or solid tumors, and most episodes of fungemia were associated with 
neutropenia, the use of broad-spectrum antibiotics, and/or hyperalimentation. Many 
patients had received chemotherapy or undergone surgery (usually abdominal) within the 
month preceding the diagnosis of fungemia. Ninety-eight percent of fungemic episodes 
were caused by Candida spp., with C. albicans accounting for approximately three-
fourths of cases and C. tropicalis accounting for 13%. One episode of M. furfur and one 
of Saccharomyces cerevisiae fungemia were also found. Eighty percent of infected 
catheters were short-term catheters. 
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Moro and coworkers (22) observed 623 episodes of central venous catheterization 
among 607 patients admitted to intensive care units. Overall, 58 catheter-related 
infections were recorded (9.3/100 catheters): 47 were local infections (7.5/100 catheters) 
and 11 were septicemias (1.8/100). Candida albicans represented three (5.9%) of the 
local infections and Candida spp. were responsible for five episodes of catheter-related 
sepsis. The authors found that colonization with Candida species was frequently 
associated with systemic infections. 

Franceschi et al. (66) studied the risk factors associated with intravascular catheter 
infections in burn patients. They analyzed 101 intravascular catheter sites from 89 
patients. The overall incidence of colonized catheters was 25.7% (>15 cfu). The most 
frequent organisms recovered from the colonized tips were Pseudomonas spp. (30.7%), 
coagulase-negative Staphylococcus (27%), and C. albicans (27%). The incidence of 
catheter colonization was inversely correlated with the distance of the catheter insertion 
from the site of the burn. A stepwise, logistic, multivariate analysis showed cutaneous 
colonization at the insertion site, at the time of catheter removal, to be a significant risk 
factor for catheter colonization. 

Siegman-Igra et al. identified 110 patients (126 episodes) with catheter-related 
bloodstream infection during 1986 in a medical center in Israel. Gram-positive and 
Gram-negative bacteria shared equal parts among the 145 blood isolates. S. aureus was 
the most common species (43/145, 30%). Candida species was found to be responsible 
for 8% of intravascular catheter-related infection. Fungal isolates were more common 
among tunnelled catheter infections than among others (6/18, 33% vs. 5/108, 5%, 
P<0.001) (67). 

Wey and colleagues (68) studied risk factors for nosocomial candidemia in 88 patients 
who had at least one blood culture positive for Candida spp. These patients were pair-
matched using six criteria: age, period at risk, primary diagnosis, surgery, date of 
admission, and sex. Using a stepwise, logistic, regression analysis, four independent 
variables were selected that predicted the acquisition of nosocomial candidemia. These 
were the number of antibiotics received before infection, prior use of a Hickman catheter, 
isolation of Candida spp. from other body sites, and prior hemodialysis. Bross et al. (69) 
studied adult patients without leukemia who acquired nosocomial candidemia. Each 
patient was matched to a control based on medical specialty and duration of 
hospitalization up to the first Candida spp.-positive blood culture. Seven risk factors were 
identified through a logistic regression and include: prior antibiotic use, candiduria, 
central catheter use, and azotemia. Karanabis et al. (70) compared 30 cancer patients with 
candidemia with 58 controls. The multivariate logistic model showed the following 
independent risk factors for candidemia: positive peripheral cultures for Candida spp. 
(P=0.002), central catheterization (P=0.03), and neutropenia (P=0.05). These last three 
studies reached similar conclusions about the use of central lines and antibiotics as risk 
factors for candidemia. 

Groeger and colleagues (71) followed 1430 cancer patients who had undergone long-
term treatment with venous access devices for at least 500 days. Fungi were responsible 
for 11 (3.3%) of the bloodstream infections that were related to tunneled catheters, and in 
one (3.5%) of the infections related to subcutaneous ports. The fungi cultured were: C. 
parapsilosis (5), C. albicans (2), Rhodotorula rubra (1), M. furfur (1), Torulopsis 
glabrata (1), Alternaria spp. (1), and Aspergillus niger (1). 
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An important risk factor for infection/colonization of an indwelling intravascular 
catheter by a fungus is the use of total parenteral nutrition (TPN). This therapeutic 
measure has been associated with an appreciable risk of sepsis, with fungal sepsis being 
an especially serious complication (72). The incidence of catheter-associated bacteremia 
in patients receiving TPN ranges from 0 to 14% with an average of 3 to 5%. Candida 
species are the usual fungal isolates. Malassezia furfur is a rare but serious infection, 
associated with TPN in young children (73). A case of catheter-related infection caused 
by Malassezia sympodialis was described in a patient after total gastrectomy for a gastric 
cancer (74). The patient was receiving central venous hyperalimentation. 

Data from NNIS between 1980 and 1990 (2) show that patients with bloodstream 
infections receiving total parenteral nutrition or those in intensive care units were more 
likely to develop fungemia (15.6 and 11.0%, respectively) than those not receiving total 
parenteral nutrition (6.4%) or not in intensive care units (8.1%). When parenteral 
nutrition was controlled for, central intravascular catheterization was significantly 
associated with fungemia. Among patients with central intravascular catheters receiving 
total parenteral nutrition who developed bloodstream infections, those in intensive care 
units were still somewhat more likely to have fungemia (RR, 1.2; 95% CI, 1.1–1.4). 

Outbreak of C. parapsilosis fungemia has been traced to contaminated vacuum pumps 
used to prepare parenteral nutrition solutions, central intravascular pressure monitoring, 
and use of parenteral nutrition in immunocompromised hosts (2). Solomon et al. (21) 
described an outbreak of C. parapsilosis bloodstream infection in patients receiving 
parenteral nutrition. Epidemiologic investigation showed an association with the use of 
an electrically powered vacuum pump to assist parenteral nutrition. Cultures from the 
vacuum pump showed heavy growth of C. parapsilosis from multiple sites. Laboratory 
investigation demonstrated that sterile solutions could be contaminated by the vacuum 
pump. Use of the vacuum pump was stopped, and no further cases occurred. Candida 
parapsilosis was also responsible for nosocomial fungemia in eight infants in a neonatal 
intensive care unit. A case-control study compared the cases with 29 weight-matched 
controls. Logistic regression analysis indicated that the risk factors for candidemia were 
duration of umbilical artery catheterization, duration of parenteral nutrition, and 
estimated gestational age. Parenteral nutrition therapy was often administered through the 
umbilical artery catheter, which was also used for monitoring arterial pressure. The 
transducer domes thus contained parenteral nutrition fluid. Transducers were usually 
disinfected with alcohol. Laboratory investigation showed that the heads of 6 of 11 blood 
pressure transducers in use and one of four transducers in storage after cleaning were 
culture-positive for C. pctrapsilosis. After control measures were instituted, no further 
cases occurred (75). 

Ruiz-Diez et al. (76) analyzed nine preterm infants admitted to the neonatal intensive 
care unit between March 1993 and August 1994. The infants were infected with or 
colonized by C. albicans. A total of 36 isolates (including isolates from catheters and 
parenteral nutrition) were examined for molecular relatedness by PCR fingerprinting and 
restriction fragment length polymorphism analysis. They were able to identify eight 
different profiles. A strain with one of these profiles was present in three patients and in 
their respective catheters. Patients infected with or colonized by this isolate profile were 
clustered in time. The authors concluded that C. albicans was most commonly producing 
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long-term colonization, although horizontal transmission probably due to catheters also 
occurred. 

McKinnon et al. (77) analyzed the risk factors for Candida infection in surgical 
intensive care units. A total of 301 consecutively admitted patients were analyzed for five 
or more days. The most frequent risk factors were presence of peripheral and central 
intravenous catheters, bladder catheters, mechanical ventilation, and lack of enteral or 
intravenous nutrition. 

Kac et al. (78) assessed the incidence and etiology of colonization and infection of 
pulmonary artery catheters inserted in cardiac surgery patients admitted at a 17-bed 
cardiac surgery intensive care between May 1997 and May 1998. Of 164 pulmonary 
artery catheters inserted in 157 patients, 19 (11.6%) and 1 (0.6%) were associated with 
colonization (mean duration of catheterization, 7.5 days) and bacteremia, respectively. 
The incidence was 17.7 and 0.93 episodes per 1000 catheterization-days, respectively. 
Candida albicans caused 4% of pulmonary artery catheter colonization. Gram-positive 
cocci and Gram-negative rods represented 48% each. From multivariate analysis, more 
than four days of catheterization was the single variable associated with a significantly 
increased risk of pulmonary artery catheter colonization [odds ratio (OR), 9.81; 95% CI, 
1.23–77.5, P=0.03]. 

The National Epidemiology of Mycosis Survey (NEMIS) was a prospective, 
multicenter study conducted at six geographically dispersed academic medical centers to 
examine rates of and risk factors for the development of candidal BSI among patients in 
surgical and neonatal ICUs (from October 1993 to November 1995). During the study 
period, 42 candidal BSIs devel-oped among the 4276 admitted patients (9.82 candidal 
BSIs per 1000 admissions). Candida species accounted for 9.2% of the total number of 
BSIs (N=458). More than half of the Candida isolates recovered from blood were 
nonalbicans species. The mortality rate was significantly higher among patients who 
developed candidal BSI than among other patients (41 vs. 8%; OR, 7.52; 95% IC, 3.9–
14.6; P<0.001). Of 42 patients who developed candidal BSIs, 41 had a central venous 
catheter in place during their ICU stay prior to the development of infection. Among 
these 41 patients, the rate of candidal BSIs was 1.23 per 1000 patient-days, versus 0.11 
per 1000 patient-days among patients who did not have a CVC in place (RR, 8.1, 95% 
IC, 1.1–59.6; P=0.04). A multivariate model that included only patients who underwent 
surgery (N=3201) identified an association between increased risk of candidal BSI and 
having had a triple-lumen catheter placed (RR=5.4, 95% IC, 1.2–23.6; P=0,03) (9). 

CLINICAL SYNDROMES AND AGENTS 

Unfortunately, there are no characteristic clinical signs and symptoms to indicate a 
diagnosis of disseminated fungal disease. There is the possibility that infected or 
colonized catheters may seed organisms to various body sites, resulting in a great variety 
of clinical presentations, depending on the affected organs. For example, when Candida 
is disseminated, multiple organs are usually affected, especially including the kidney, 
brain, myocardium, and eye. 

Candida species are the most common fungi isolated from intravascular catheters. 
Horn and Conway (79) documented four cases of candidemia related to fully implantable 
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venous access systems in patients with cystic fibrosis. These cases were successfully 
treated, but removal of the venous access device was necessary in each case. 
Tchekmedyian et al. (41) described a case of a patient with acute nonlymphocytic 
leukemia who developed Staphylococcus epidermidis bacteremia and candidemia after 
maintenance chemotherapy. The patient also developed an infected abdominal aortic 
aneurysm. The same organisms were cultured from the aneurysm as from the Hickman 
catheter. This suggests that the Hickman catheter was the source of the candidemia and 
that it may well have caused the infection in the aneurysm. 

Fungal thrombophlebitis is a major concern for those with indwelling intravascular 
catheters. Both peripheral and deep vascular structures can be involved, as well as the 
venous and arterial sides of the circulation (80). Candida species are not usually 
considered a cause of suppurative peripheral thrombophlebitis. Walsh et al. (50) 
described seven cases of suppurative peripheral thrombophlebitis during a 15-month 
period. They defined candidal peripheral thrombophlebitis by the following criteria: (a) 
clinical evidence of venous catheter-associated thrombophlebitis manifested by warmth, 
tenderness, erythema, palpable cord, and/or suppuration at the percutaneous catheter 
puncture site, and (b) microbiological evidence of Candida spp., demonstrated by culture 
in resected vein specimens or pus expressed from the intravenous catheter puncture site. 
The median duration of hospitalization until development of candidal peripheral 
thrombophlebitis was 27 days, and subjects had a median age of 64 years. All patients 
were admitted to the surgical service and had underlying diseases, including cancer in 
three, diabetes mellitus in three, and ethanol abuse in two. All but one patient underwent 
surgery. None of the patients was receiving corticosteroids, cytotoxic therapy, or 
parenteral hyperalimentation at the time the thrombophlebitis developed. All patients had 
concomitant infections and all had received antibiotics for at least two weeks before 
candidal thrombophlebitis was diagnosed. Five of the seven patients had had candidal 
colonization of urine, sputum, or wounds preceding their phlebitis. Gram stain and 
culture of expressed pus in three patients showed only Candida species. Five patients had 
veins resected surgically that were grossly purulent; all five grew Candida species. C. 
albicans was present in five patients, C. tropicalis in one, and C. lipolytica in another. 
Four had candidemia, but none had ocular or cutaneous manifestations of systemic 
candidiasis. 

Fry et al. (81) found 32 episodes of septic thrombophlebitis in 143 patients who had 
had an intravascular device. Candida spp. was isolated in two of them. In no case was it 
necessary to excise veins in the absence of local signs of infection and inflammation at 
the venous access site. None of the cases was related to central venous catheters. 

Fungal infections of long-term catheters are difficult to differentiate clinically from 
bacterial infections. When nonpurulent erythematous lesions progress to radial necrotic 
lesions at the exit site of the catheter, Aspergillus infection should be suspected (46). If 
there is purulent discharge at the exit site, the pus should be examined microscopically 
and cultured. 

Fungal infection can also affect the pocket of fully implantable devices. Such 
infections may be present with local inflammation, including erythema and necrosis over 
the reservoir. Aspergillus spp. are not often found in vascular catheters, but Allo et al. 
described nine cases of primary cutaneous aspergillosis at the entry site of Hickman 
catheters in immunocompromised patients (46). All patients had underlying hematologic 
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cancer and the Hickman catheter had been placed to provide venous access for 
chemotherapy, hyperalimentation, or both. Clinical signs of infection included erythema, 
induration, and cutaneous or subcutaneuous necrosis at the point of entry into the 
subclavian vein, in the subcutaneous tunnel, or at the exit site from the skin. Diagnosis 
was confirmed by positive wound culture for Aspergillus flavus in all but one patient. 

Tan and colleagues (48) reported the case of an 18-month-old white male baby with 
obstructive uropathy, secondary to embryonal rhabdomyo-sarcoma group III involving 
the bladder and prostate. A tunnelled, central venous catheter (Hickman) was inserted at 
the time of the tumor biopsy, but removed three months later after the patient developed a 
catheter-associated chest wall abscess and sepsis due to Klebsiella pneumoniae. A fully 
implantable central venous catheter Portcath was therefore inserted one month later to 
allow chemotherapy to continue. The blood cultures obtained from the Portcath and 
peripheral vein were positive for the same mold, subsequently identified as Paecilomyces 
lilacinus. The catheter was removed and amphotericin B was initiated. The patient was 
discharged without further clinical evidence of infection. 

Right atrial thrombosis is a potentially lethal complication associated with central 
venous catheters, which are now used in nearly 70% of all patients in pediatric intensive 
care units (82). Paut el al. (83) reported a case of right atrial septic thrombosis due to 
catheter-related fungal sepsis in a young trauma victim. A nine-year-old boy with 
“multiple trauma” was submitted to surgery, received cefamandol for five days, and a 
CVC was inserted on the second day post-trauma, to allow total parenteral nutrition. The 
patient improved, but on day 12, sepsis developed and was treated empirically with 
antibiotics. On day 14, blood specimens, as well as the catheter tip, proved positive for C. 
albicans and amphotericin and five flucytosine were initiated. On day 17, candidal 
endophthalmitis was diagnosed, and a large right atrial mass was confirmed by two-
dimensional echocardiography. The patient was submitted to surgery and a mass 
containing fungi was removed. The patient improved and was discharged from the 
intensive care unit on day 36. 

The compromised host is especially susceptible to infection due to uncommon 
microorganisms. Sycova-Milá et al. (84) reported a case of Trichosporon capitatum 
catheter-associated fungemia, which followed a severe clinical course in a compromised 
host and was successfully treated with amphotericin B plus flucytosine. The yeast was 
found in both blood and catheter cultures. Kiehn and coworkers (85) reported 23 patients 
between 1985 and 1989 who had catheter-related Rhodotorula sepsis. All 23 had 
indwelling central venous catheters that had been in place from one to 22 months 
(average, 9.3 months). Blood was drawn from both the catheter and a peripheral source, 
but only one patient had a peripheral blood culture positive for Rhodotorula spp. Colony 
counts of yeast from the catheter cultures often exceeded 100 (15 patients) and even 1000 
(seven patients) cfu/ml of blood. 

The incidence of Fusarium spp. infection is increasing, especially among 
compromised patients. Disseminated fusariosis is an uncommon disease, and the reasons 
for the increasing incidence are multiple. Important factors include the use of intensive 
chemotherapeutic regimens for the treatment of malignancies and bone marrow transplant 
recipients, the empirical use of broad-spectrum antibiotics, the early use of amphotericin 
B in febrile neutropenic patients, and the increasing number of patients with impaired 
mucosal or skin barriers due to underlying malignancy or chemotherapy. Ammari et al. 
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(86) described the case of a 13-year-old boy with acute promyelocytic leukemia, in 
remission, who had a catheter-related Fusarium solani fungemia and pulmonary 
infection. The patient had many factors that predisposed him to opportunistic infection, 
including underlying malignancy, immunosuppressive chemotherapy, and an indwelling 
central venous line. The blood cultures obtained by venopucture and through the Broviac 
catheter were positive for F. solani. 

Malassezia furfur is the etiologic agent of tinea versicolor and is considered a benign 
agent. However, some reports from the literature suggest a strong correlation between M. 
furfur sepsis and the use of intravascular catheters. It was cultured from the lumen of 
32% of catheters removed from infants over one week of age in a neonatal intensive care 
unit (87). Two of these patients also had clinical evidence of systemic infection. 

CONTROL MEASURES 

Nosocomial infections have become increasingly more difficult to prevent and manage. 
The most important infection control measures for the prevention of fungal colonization 
of indwelling intravascular catheters are quite similar to those recommended for bacterial 
infections, which have been outlined elsewhere in this text. However, some peculiarities 
of fungal complications should be addressed. 

An intravascular catheter is probably the most important removable source of Candida 
spp. in the bloodstream of both adults and children. 

Flowers et al. (37) performed a randomized controlled trial in order to evaluate the 
efficacy of an attachable subcutaneous cuff to prevent central vascular catheter-related 
infection among patients receiving intensive care. All catheters were dressed with 
polyantibiotic ointment containing polymyxin, neomycin, and bacitracin. They found that 
catheters with cuffs were associated with less frequent bloodstream infection compared 
with controls (0 vs. 13%). However, an unexpectedly large proportion (75%) of catheter 
infections were due to C. albicans. This may have been due in part to the use of 
polyantibiotic ointment, as suggested by a pooled analysis of previous trials that 
demonstrated increased Candida colonization in catheters in which the ointment had been 
used. 

Several studies have evaluated the effect of an antiseptic-impregnated central venous 
catheter for prevention of catheter-related infection in intensive care unit patients. Sheng 
et al. compared a catheter impregnated with chlorhexidine and silver sulfadiazine to a 
catheter made of polyurethane (control). The antiseptic catheters were less likely to be 
colonized by microorganisms, but there was no significant difference between both 
groups in catheter-related infections [0.9 versus 4.9 infections per 100 catheters; relative’ 
risk 0.17 (95% CI, 0.03 to 1.15); P=0.07]. Gram-positive cocci and fungi were more 
likely to colonize in the standard polyurethane catheters (P=0.06 and 0.04 compared to 
antiseptic catheters, respectively). Two patients in the control group died directly due to 
catheter-related candidemia (88). 

Candidal peripheral thrombophlebitis can be prevented by vigorous skin preparation, 
site care, and routine rotation of peripheral intravenous catheter sites every 48 to 72 hours 
(50). Other infection control measures to prevent candidal peripheral thrombophlebitis 
include limiting the spectrum and duration of antimicrobial therapy to specific culture-
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defined organisms, short time intervals, and meticulous care of intravenous sites. New 
scientific approaches are needed to help establish better techniques for catheter 
management. 

THERAPY 

The aim of this chapter is not so much to address the use of specific antifungal agents as 
to outline some general therapeutic measures. Whether the infected catheter should 
always be removed is polemical. The major problem with candidemia or fungemia is 
determining which patients have tissue invasion and thus require antifungal therapy, and 
which can be treated by simply removing the catheter. Whereas most bacterial infections 
of long-term CVC can be cured without removal of the catheter, the same is not true of 
fungal catheter infections. There have been occasional reports of fungal infection 
associated with long-term CVCs that were cured with antifungal therapy alone. But the 
overwhelming experience of fungal infection (usually with Candida species) associated 
with the use of the long-term CVC is that the catheter must be removed for resolution of 
the infection to occur (89). 

The decision to remove the catheter must be made on an individual basis because 
many case-specific and patient-specific factors prevent ironclad recommendations. 
Removal of the catheter system is indicated for the following situations: documented 
Candida or fungal catheter-associated infection, tunnel infection, or persistent 
bloodstream infections after the third day of appropriate intravenous antimicrobial 
therapy (90). 

Most authors have concluded that it is prudent to remove any catheter and treat the 
patient with intravenous amphotericin B when catheter infection is due to Candida spp. 
or Aspergillus spp. Patients with fungal infections of their catheters should be monitored 
for dissemination. Aspergillus mainly disseminates to the lung, whereas Candida has a 
predilection for the eye, necessitating frequent funduscopic examinations (91). 

Kiehn at al. (85) studied 23 patients who had had catheter-related Rhodotorula sepsis. 
Thirteen were treated with antifungal therapy and removal of the catheter while five 
patients received antifungal therapy alone and another five had the catheter removed 
without antifungal therapy. All patients survived the fungemic episode and experienced 
no recurrence. 

Allo et al. (46) treated nine cases of primary cutaneous aspergillosis at Hickman 
catheter sites. The treatment consisted of intravenous amphotericin B, oral flucytosine, 
and local wound care. Three patients recovered completely without operative 
debridement, and three more recovered after operative debridement and delayed grafting. 
Two patients died of dissemi-nated aspergillosis, and one died of unrelated causes while 
still recovering from primary cutaneous aspergillosis. Successful treatment required 
resolution of aplasia or leukopenia, catheter removal, systemic treatment with 
amphotericin B, and local wound care. 

Treatment of peripheral candidal thrombophlebitis includes removal of the peripheral 
venous catheter. Walsh et al. (50) documented a cluster of seven cases of peripheral 
candidal thrombophlebitis, all of which resolved. Three patients received systemic 
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therapy (amphotericin B), two received topical care, and five underwent venous 
resection. 

In the past, catheter-related candidiasis has been managed in some cases by simply 
removing the catheter. Many patients were cured by this approach, but the attributable 
mortality of candidemia has been estimated at 38% (68). Fourteen percent of 
nonneutropenic patients developed endophthalmitis in one study (38). Most authorities 
recommend amphotericin B for therapy of neutropenic patients with candidiasis. For 
nonneutropenic patients, fluconazole 400 mg qd and amphotericin B 0.6 mg/kg/day were 
equivalent in a randomized trial (38). Catheter infection was believed responsible for 
72% of cases of candidiasis. Most authorities recommend removal of catheters infected 
with Candida (91). 

There are no data in the literature to guide clinicians regarding the use of antimicrobial 
therapy for patients whose catheter tip cultures reveal significant growth in the absence of 
culture-proven bacteremia or fungemia. In this setting, a febrile patient with valvular 
heart disease or a patient with neutropenia (absolute neutrophil count, 1000 cells/ml), 
whose catheter tip culture reveals significant growth of S. aureus or C. albicans by means 
of semiquantitative (>15 cfu) or quantitative (>102 cfu) culture should be followed 
closely for signs of infection, and some experts would administer a short course (5–7 
days) of antibiotics (92). 

The removal of all central venous catheters from all patients with candidemia is 
considered to be standard care. However, this practice is not always possible, and it is 
associated with significant cost and potential complications. The physician’s decision 
regarding catheter removal is probably as important as the choice of drug therapy. 
Catheter removal has been proposed as part of the standard therapeutic approach. The 
largest difference appears to be that between neutropenic and nonneutropenic patients. 

In nonneutropenic patients, catheter removal has repeatedly been correlated with more 
rapid clearance of the bloodstream and/or better prognosis (93–95). Anaissie et al. 
retrospectively evaluated the impact of central venous catheter removal on the outcome 
of 416 candidemic cancer patients (93). When catheter exchange was examined in 
relationship to the time of initiation of antifungal therapy, complete catheter exchange did 
improve outcome slightly. Becoming or remaining neutropenic, APACHE III score, and 
the presence of documented visceral dissemination were much more important than 
catheter exchange in predicting outcome. 

Nguyen et al. (96) evaluated prospectively 427 consecutive episodes of candidemia as 
part of a multicenter observational study. From this group, 82 neutropenic patients had 
evaluable catheter data. Of these patients, there was significantly lower mortality among 
those who had their catheters removed (11 vs. 29%, P<0.045). 

Nucci and Anaissie performed a computerized MEDLINE database search to evaluate 
the effect of CVC removal on the outcome of patients with candidemia (97). Appropriate 
articles included in the research were those published from January 1966 through 
December 2000 in any language. The keywords used were “candidemia,” “catheter,” and 
“outcome.” Abstracts presented from 1987 through 2000 at the yearly meetings of the 
American Society for Microbiology, the Infectious Diseases Society of America, and the 
Society for Healthcare Epidemiology of America were also reviewed. The authors 
selected studies that evaluated catheter removal as a prognostic factor (of mortality) in 
candidemia, performed a multivariate analysis, and included in this analysis any severity 
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of illness score that had been validated as a predictor of death. Two-hundred-and-three 
articles on candidemia were identified. Only four studies met all initial criteria. Two of 
those showed removal to be marginally effective (98,99), one article found removal of 
the catheter to be ineffective (100), and one study found removal to be effective (101). 
No study was found that had as its primary endpoint the evaluation of vascular catheter 
removal in patients with candidemia. 

In a retrospective study conducted in an Italian tertiary care hospital, the incidence of 
nosocomial candidemia was evaluated. Over a six-year period (1992–1997), a total of 
189 episodes of candidemia occurred in 189 patients, accounting for an average incidence 
of 1.14 episodes per 10,000 patient-days per year. Candida albicans was the most 
frequent isolated pathogen, accounting for 54% of fungal isolates, followed by C. 
parapsilosis (23%), Candida glabrata (7%), C. tropicalis (5%), and others. Seventy-one 
(58%) of the 123 valuable patients with central venous catheters underwent line removal; 
51 of them had catheter-related candidemia. The 30-day crude mortality rate was 45%. 
Adequate antifungal therapy and central line removal independently reduced the high 
mortality of the disease (99). 

Practice guidelines for treatment of candidiasis published in 2000 recommend removal 
of existing intravascular catheters for patients with candidemia or acute hematogenously 
disseminated candidiasis, especially in nonneutropenic patients (102). 

The most recent published guidelines for management of intravascular catheter-related 
infections (from the Infectious Diseases Society of America, the American College of 
Critical Care Medicine, and the Society for Healthcare Epidemiology of America) also 
recommend removal of existing intravascular catheters for patients with catheter-related 
candidemia (92). 

Antifungal therapy is necessary in all cases of vascular catheter-related candidemia 
because patients with catheter-associated candidemia who were treated with catheter 
removal but without systemic antifungal therapy have developed complications such as 
vertebral osteomyelitis and endophthalmitis, resulting in permanent loss of vision (92). 
Amphotericin B is recommended for suspected catheter-related candidemia in patients 
who are hemodynamically unstable or who have received prolonged fluconazole therapy. 
Patients who are hemodynamically stable and who have not had recent therapy with 
fluconazole, or those known to have a fluconazolesusceptible organism, can be treated 
with fluconazole instead of amphotericin B (92). Catheter-related Candida krusei 
infections should be treated with amphotericin B. Tunneled CVCs or implantable devices 
should be removed in the presence of documented catheter-related fungemia (92). 

Attempting to salvage infected tunneled CVCs or implantable devices is not 
recommended because salvage rates with systemic fungal therapy and antibiotic lock 
therapy for Candida species have been in the 30% range (92). 

For septic thrombosis of the great central vein due to Candida species, a prolonged 
course of amphotericin B therapy has been shown to be effective and is recommended; 
fluconazole can be used if the strain is susceptible. 

Treatment of catheter-related bloodstream infection due to M. furfur includes 
discontinuation of intralipids and removal of intravascular catheters. Patients with 
catheter-related M. furfur fungemia should be treated with amphotericin B (92). 
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INTRODUCTION 

At present, coagulase-negative staphylococci are still the most frequently isolated 
pathogens from patients with catheter-related infections (CRI). The increasing use of 
indwelling devices in an expanding population of immuno-compromised patients may be 
the most important explanation for why the list of microorganisms involved in catheter-
related infections continues to expand, since nonpathogenic microorganisms from the 
patient’s skin or the environment, formerly often classified as contaminants, may cause 
infections. The improved microbiological diagnostics, with the development of easy-to-
use identification systems and especially the more widespread use of molecular methods 
such as automated DNA sequencing, may have furthermore led to the recognition of rare 
or even “new” pathogens. Novel approaches in catheter design and materials may help to 
reduce colonization with Staphylococcus epidermidis and other gram-positive cocci (1), 
but may not always help to prevent infections due to other, frequently saprophytic 
microorganisms. 

This chapter reviews case reports and a small series of CRI due to miscellaneous 
bacterial pathogens, i.e., microorganisms that rarely cause infection, as well as common 
pathogens that do not usually cause catheter-related infections. At present, case reports of 
catheter-related infections due to miscellaneous organisms are still rare enough to be 
reported in the medical literature, but in the aforementioned situation, we might 
encounter these organisms on a regular basis. 

PATHOGENESIS 

Since most of the organisms described in this chapter are rarely encountered in human 
infections, knowledge regarding their pathogenesis is sparse. In general, they are thought 
to be of low pathogenicity, thus most likely causing infections in an 
immunocompromised patient population. Some of the bacteria, such as corynebacteria, 



various nonfermenting gram-negative rods (Burkholderia spp., Rhizobium spp., 
nonaeruginosa Pseudomonas spp.), and rapidly growing mycobacteria, may then become 
pathogenic by producing a mucoid biofilm on a foreign body of plastic material (2–4). 
Immunocompromised patients, such as hematology, transplant, and HIV patients, may be 
more likely to get infected by unusual pathogens due to their lack of cellular immunity 
and the frequent use of implanted intravascular devices. 

MICROBIOLOGY 

In contrast to the classical bacteria causing CRI, among the miscellaneous pathogens, 
gram-negative organisms predominate over gram-positive organisms. The gram-negative 
organisms are classified as: (a) nonfermenters, (b) Pseudomonas spp. and related genera, 
and (c) other gram-negative bacilli. All of these gram-negative bacteria are listed in Table 
1. Gram-positive pathogens causing CRI may be divided into the following categories: 
(a) Bacillus spp. and other gram-positive rods, (b) Corynebacterium spp. and related 
organisms, (c) gram-positive cocci other than staphylococci, (d) actino-mycetes, and (e) 
mycobacteria (Table 2). Rare fungal catheter-related infections such as those due to 
Malassezia furfur or Acremonium are discussed elsewhere in this book. The more 
common gram-negative organisms involved in CRI, such as Enterobacteriaceae, 
Pseudomonas aeruginosa, and Acinetobacter species, as well as CRI caused by rare 
Enterobacteriaceae such as Enterobacter amnigenus and Klyvera cryocrescens are 
covered in Chapter 8. 

Since frequent reclassifications and new names designated to bacterial genera may 
lead to confusions, the newest nomenclature was used for the purpose of this chapter, 
followed by the older names in brackets. 

EPIDEMIOLOGY 

In most surveillance reports in the literature, percentage of CRI with unusual pathogens is 
still reported to be fewer than 5% (5–7). At the Memorial Sloan-Kettering Cancer Center, 
the extensive use of vascular access devices and associated device-related sepsis has 
resulted in changes in the type of organisms causing bloodstream infections (8). The 
proportion of bacteremia caused by miscellaneous organisms increased from 12 to 19% 
in 1984 and 1988, respectively (Table 3). Castagnola et al. reported in 1997 that from 102 
episodes of Broviac catheter infections in children receiving antineoplastic chemotherapy 
or bone marrow transplantation, seven occurred due to unusual pathogens (9). 

Catheter-related infections can be caused by bacteria originating from endogenous or 
exogenous sources leading to infections with pathogens from the hospital environment or 
the patients’ own flora. Furthermore, implanted devices that allow patients to move rather 
freely, e.g., in their homes, may also be prone to become infected from environmental 
sources (10). 
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CLINICAL MANIFESTATION AND THERAPEUTIC OPTIONS 

Miscellaneous Gram-Negative Bacteria 

Over the past decades, bacteremia caused by previously unknown or rare gram-negative 
bacteria has increasingly been recognized, mainly in neutro-penic patients, HIV patients, 
and children with malignancies (9,11,12). 

Pseudomonas Species and Related Genera 

The taxonomy of Pseudomonas species and related genera has undergone major changes 
during the past two decades. Some of the microorganisms now belong to the genus 
Burkholderia, Comamonas, Ralstonia, Sphingomonas, or Stenotrophomonas. 

Bacteremia due to Stenotrophomonas (Xanthomonas) maltophilia and nonaeruginosa 
Pseudomonas species is still rare, but may be increasing. At the M.D.Anderson Cancer 
Center, the rate of bacteremia due to these bacteria significantly increased from three 
cases per 10,000 admissions in 1974 to 14 cases per 10,000 admissions in 1986 (12). 
About 50% of these infections were caused by S. maltophilia, whereas P. stutzeri and P. 
putida each accounted for about 10%. Other species such as Burkholderia 
(Pseudomonas) cepacia, C. testosteroni, P. fluorescens, P. vesicularis, R. picketti or S. 
paucimobilis were seen occasionally. The most important predisposing factor in the 
immuno-compromised patients was the presence of an indwelling central venous or 
arterial line that was in place for an average of three months before the onset of 
bacteremia and found in 83% of the patients. Catheters were proven to be the source of 
the infection in 57 of 83 patients (69%) in whom the portal of entry was identified. 
Ninety-five percent of these patients responded to therapy. It was shown that the removal 
of the central venous catheter resulted in a 100% cure rate, irrespective of the 
appropriateness of the antibiotic therapy. Recurrent catheter-related infections were seen 
in 29% of patients who had received appropriate antibiotics, but in whom the catheter or 
the site of catheter insertion (due to guidewire exchange) had not been changed. Thus,  

Table 1 Miscellaneous Gram-Negative Bacteria 
Causing Catheter-Related Infection 

Gram-negative bacteria Species Author/year/reference 
number 

Pegues et al. 1993 (14) 

Yu et al. 1999 (130) 

Burkholderia cepacia 

Kaitwatcharachai et al. 2000 
(131) 

CDC Group IV c-2 Arduino et al. 1993 (22) 

Chryseomonas luteola (CDC 
Group Ve-1) 

Kostman et al. 1991(23) 

Pseudomonas species & related 
genera 

Comamonas acidovorans Castagnola et al. 1994 (15) 
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 Ender et al. 1996 (16) 

Comamonas testosteroni Le Moal et al. 2001 (17) 

Ralstonia 

(Pseudomonas) pickettii 

Raveh et al. 1993 (29) 

Poirier et al. 1988 (19) Methylobacterium extorquens 

Kaye et al. 1992 (20) 

Pseudomonas fluorescens Elting and Bodey 1990 (12) 

Pseudomonas Kostman et al. 1991 (23) 

(Flavimonas) oryzihabitans Conlu et al. 1992 (26) 

(CDC Group Ve-2) Marin et al. 2000 (27) 

Pseudomonas putida Anaissie et al. 1987 (21) 

Pseudomonas stutzeri Elting and Bodey 1990 (12) 

Alcala et al. 1997 (30) Roseomonas gilardii 

Marin et al. 2001 (31) 

Decker et al. 1992 (35) 

Salazar et al. 1995 (34) 

Sphingomonas (Pseudomonas) 
paucimobilis 

Hsueh et al. 1998 (32) 

Elting and Bodey 1990 (12) 

Herrero Romero et al. 2000 
(36) 

Friedman et al. 2002 (37) 

 

Stenothrophomonas maltophilia 

Ratnalingham et al. 2002 
(38) 

Achromobacter piechaudii Kay et al. 2001 (48) 

Legrand and Anaissie 1992 
(44) 

Cieslak and Raszka 1993 
(41) 

Ramos et al. 1996 (132) 

Duggan et al. 1996 (49) 

Knippschild et al. 1996 (46) 

Manfredi et al. 1997 (45) 

Nonfermenters 
(nonfermentative gram-negative 
rods) Achromobacter xylosoxidans 

(Alcaligenes xylosoxidans) 

Hernandez et al. 1998 (47) 

Gram-negative Species Author/year/reference
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bacteria number 

Stamm et al. 1975 (54) Chryseobacterium (Flavobacterium) 
spp. 

Sader et al. 1995 (58) 

Hsueh et al. 1996/1997 (56,57)   

Nulens et al. 2001 (55) 

Cieslak et al. 1992 (40) Ochrobactrum anthropi 
(Achromobacter, CDC Group-Vd) 

Gransden and Eykyn 1992 (42) 

Kern et al. 1993 (39) 

Alnor etal. 1994 (51) 

Gill et al. 1997 (61) 

Yu et al. 1998 (60) 

Saavedra et al. 1999 (133) 

  

Stiakaki et al. 2002 (134) 

Edmond et al. 1993 (50) 

Alnor et al. 1994 (51) 

  

Rhizobium (Agrobacterium) spp. 

Yu et al. 1997 (135) 

Siddiqui et al. 1992 (63) Other gram-negative 
bacilli 

Rello et al. 1993 (127) 

Aeromonas hydrophila 

Martino et al. 2000 (128) 

Qureshi et al. 1992 (65) 
Hsueh et al. 1997 (66) 

Goutzmanis et al. 1991 (68) 

  

Bordetella bronchiseptica 
Campylobacter spp. 
Kingella kingae 
Moraxella osloensis 

Buchman et al. 1993 (69) 

removal of the catheter and, if still necessary, insertion at a new site seem to be of utmost 
importance in successfully managing CRI due to these microorganisms. 

B. cepacia is widely distributed throughout the environment, especially water and soil. 
Outbreaks of infection have been reported as a result of exposure to contaminated 
povidone-iodine solutions, parenteral fluids, and invasive pressure-monitoring devices 
(13,14). After contact with a contaminated heparin flush solution, 15 patients with 
catheter-associated B. cepacia bacteremia were identified in a U.S. oncology center (14). 

Comamonas acidovorans is ubiquitous in the environment, including soil and 
foodstuffs. Recently, a boy with non-Hodgkin’s lymphoma was reported with C. 
acidovorans CRI (15). The child was admitted for treatment of a herpes simplex virus 
ocular infection and experienced symptoms of sepsis  
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Table 2 Miscellaneous Gram-Positive Bacteria 
Causing Catheter-Related Infection 

Gram-positive 
bacteria 

Species Author/year 

Gram-positive cocci Enterococcus casseliflavus Van Goethem et al. 
1994 (72) 

Enterococcus faecalis Patterson et al., 1995 
(70) 

Enterococcus faecium Patterson et al., 1995 
(70) 

Enterococcus gallinarum Patterson et al., 1995 
(70) 

Kokuria kristinae Basaglia et al. 2002 
(75) 

Micrococcus luteus Peces et al. 1997 (73) 

Pediococcus pentosaceus Atkins et al. 1994 (76) 

  

Rothia (Stomatococcus) mucilaginosus Ascher et al. 1991 (77) 

Coryneforms & related 
organisms 

Brevibacterium epidermidis McCaughey and 
Damani 1991 (94) 

Corynebacterium afermentans Dealler et al. 1993 (78) 
Kerr et al. 1993 (79) 

Corynebacterium amycolatum Oteo et al. 2001 (80) 

Corynebacterium aquaticum Moore and Norton 
1995 (81) 
Vasseur et al. 1998 
(82) 

Corynebacterium jeikeium Riebel et al. 1986 (83) 
Fish and Danziger 
1993 (84) 
Wang et al. 2001 (85) 

Corynebacterium minutissimum Cavendish et al. 1994 
(86) 
Rupp et al. 1998 (87) 

Corynebacterium striatum Tumbarello et al. 1994 
(88) 

  

Corynebacterium urealyticum Soriano et al. 1993 (4) 
Wood and Pepe 1994 
(89) 

Other gram-positive 
bacteria 

Microbacterium spp. 
(Aureobacterium spp., Corynebacterium CDC

Campbell et al. 1994 
(91) 
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group A-4/A-5, Microbacterium spp.) 
Lactobacillus rhamnosus 
Listeria monocytogenes 

Bizette et al. 1995 (90) 
Grove et al. 1999 (92) 
Lau et al. 2002 (93) 
Carretto et al. 2001 
(100) 
Katner and Joiner 1989 
(101) 
Fish and Danziger 
1993 (84) 

  Rothia dentocariosa Nivar-Aristy et al. 
1991 (106) 

Actinomycetes Gordonia (Rhodococcus, Gordond) 
rubropertincta 

Buchman et al. 1992 
(107) 

Gordonia (Rhodococcus, Gordond) terrae Buchman et al. 1992 
(107) 
Pham et al. 2003 (108) 

Nocardia asteroides Rubin et al. 1987 (109) 

Nocardia nova Mironetal. 1994 (110) 

Nocardia otitidis-caviarum Lee et al. 1994 (111) 

Tsukamurella paurometabolum Shapiro et al. 1992 
(112) 
Lai 1993 (113) 

  

Tsukamurella pulmonis Maertens et al. 1998 
(114) 

Gram-positive bacteria Species Author/year 

Mycobacteria Mycobacterium aurum Esteban et al. 1998 (122) 

Mycobacterium avium complex Schelonka et al. 1994 (117) 
Dube and Sattler 1996 (136) 

Mycobacterium chelonae Hsueh et al. 1998 (3) 

Mycobacterium fortuitum complex Raad et al. 1991 (116) 
Suara et al. 2001 (137) 

Mycobacterium neoaurum Davison et al. 1988 (118) 
Holland et al. 1994 (119) 
George and Schlesinger 1999 (120) 
Woo et al. 2000 (121) 

Mycobacterium septicum sp. nov. Schinsky et al. 2000 (123) 

Mycobacterium smegmatis Skiest and Levi 1998 (124) 

  

Rapidly-growing mycobacteria Gaviria et al. 2000 (115) 
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Table 3 Microorganisms Causing Bacteremia at 
Memorial Sloan-Kettering Cancer Center 

Organisms No. (%) of episodes 1984 
(n=64) 

1988 
(n=190) 

Anaerobes 42 (8) 35 (4) 

- Bacteroides spp. 21 (4) 18 (2) 

- Clostridium spp. 14 (3) 16 (2) 

- Others 7 (1) 1 

Nonaeruginosa Pseudomonas spp. 3 (1) 59 (5) 

- P. fluorescens  3 (0.5) 

- Stenotrophomonas (Pseudomonas) 
maltophilia 

 32 (3) 

- P. putida  14 (1.5) 

Others 19 (3) 96 (10) 

- Aeromonas spp. 2 2 

- Achromobacter (Alcaligenes) spp. 0 3 

- Bacillus spp. 3 (1) 26 (3) 

- Corynebacterium spp. 8 (2) 45 (5) 

- Chryseobacterium (Flavobacter) spp. 0 4 

- Haemophilus influenzae 0 4 

- Listeria spp. 5 (1) 5 (1) 

- Micrococcus spp. 0 7 (1) 

- Vibrio spp. 1 0 

(From Ref. 8.) 

during infusion therapy. Treatment with ceftazidime and vancomycin was started; 
amikacin was added the next day when C. acidovorans was recovered from blood 
cultures. Despite a clinical response, bacteremia persisted until the Broviac catheter was 
removed. In contrast, in 1996, Ender et al. reported a case of C. acidovorans bacteremia 
managed with the preservation of the catheter in a pediatric patient (16). Comamonas 
testosteroni was isolated from the blood of a woman with breast cancer (17). The 
bacteremia cleared after adapted antimicrobial treatment and catheter removal. 

Methylobacterium extorquens was originally isolated from the surface of a leaf (18). 
Various synonyms have been used previously for Methylobacterium such as: 
Pseudomonas mesophilica, Protaminobacter rubra, Pseudomonas methanolica, Vibrio 
extorquens, and Mycoplana rubra. M. extorquens is a pink-pigmented, opportunistic 
pathogen of low virulence, causing CRI, fever, pulmonary infiltrates, ulcers, and uveitis. 
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So far, 16 cases have been reported (19,20). Blood isolates were shown to be susceptible 
to TMP/SMZ, tetracycline, imipenem, ciprofloxacin, and aminoglycosides. The indolent 
nature of the infection might justify antibiotic treatment without removal of the catheter, 
even though this recommendation is based on the results of only three cases (19). 

Pseudomonas putida is a ubiquitous environmental saprophyte found in soil, in water, 
and on plants. The organism may also be a part of the normal human oropharyngeal flora. 
In 1987, P. putida was described as a newly recognized pathogen causing bacteremia in 
cancer patients at the M.D. Anderson Hospital in Texas (21). Between 1980 and 1985, 
the organism was isolated from blood culture specimens of 15 patients, including five 
cases that were considered to have polymicrobial bacteremia. The bloodstream infection 
appeared to be catheter-related in three patients who had phlebitis, cellulitis, or both at 
the catheter insertion site. The increase in P. putida infections during the study period 
was paralleled by a similar increase in the number of intravascular devices. In cases of 
catheter-related bacteremia, removal of the catheter in addition to antimicrobial 
treatment, e.g., ceftazidime, ciprofloxacin, imipenem, or piperacillin, was necessary to 
control the infection. 

Other genera related to Pseudomonas that are known to cause bacteremia include 
CDC Group IV c-2, Chryseomonas luteola (CDC Group VE-1), and Pseudomonas 
(formerly Flavimonas) oryzihabitans, also formerly known as CDC Group Ve-2 or 
Chromobacterium typhiflavuum (22–26). Reported cases are generally associated with 
the presence of prosthetic material or catheters in immunocompromised patients. 

Pseudomonas oryzihabitans is a relatively avirulent, nonfermenting, gram-negative 
rod, and has been isolated from skin, wounds, sputum, urine, and blood, but was not 
classified as clinically significant until the first report of infection in 1977 (25). Since 
then, P. oryzihabitans has been reported to cause CAPD-related peritonitis, indwelling 
venous catheter-related infec-tions, and occasionally bacteremia (23–26). Of 36 cases 
reported until 1993, 22 episodes of P. oryzihabitans sepsis came from one center (24). 
Most of the patients had significant underlying medical problems, especially 
malignancies, and the source of infection was unclear, since no environmental cultures or 
cultures from other body sites of infected patients yielded the organism. In a Spanish 
report, infection of a Hickman catheter in an AIDS patient could be traced to synthetic 
bath sponges (27). Cases of CRIs were successfully treated with TMP/SMZ and 
antipseudomonal antibiotics. With some exceptions, the majority of reviewed cases 
(81%) did not require the removal of the catheter to control bacteremia. 

So far, Pseudomonas putrefaciens has not been reported to cause catheter-related 
bacteremia, but three patients were described with CAPD peritonitis, which was probably 
associated with the Tenckhoff catheter (28). 

Catheter-related infections due to Ralstonia pickettii were reported for the first time by 
Raveh et al. (29), who described four cases, all of which were associated with long-term 
indwelling intravenous devices, such as Infuse-a-port™, Broviac, and Hickman catheters. 

Roseomonas gilardii sp. nov. is a pink-pigmented, oxidative bacterium that has been 
infrequently isolated from clinical samples. Alcala et al. report a case of CRI due to this 
organism in an immunocompromised patient with an implanted catheter (30). The 
catheter was removed and the patient recovered after seven days of therapy with 
ciprofloxacin. Another case was recently reported from Italy (31). 
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Two cases of CRI due to Sphingomonas paucimobilis were reported by Hsueh et al. 
(32). Both patients were immunocompromised and only recovered after the removal of 
the catheters. Another four patients from Spain were cured after catheter removal (33,34). 
In contrast to these findings, Decker et al. (35) reported two cases of S. paucimobilis CRI, 
which were successfully treated without removal of the Groshong catheters. Of interest, 
one of the patients was treated with TMP/SMZ, since the strain was resistant to 
ceftazidime. 

Catheter-related infections caused by Stenotrophomonas maltophilia is still rare and 
occurs mostly in immunocompromised hosts. Over a six-year period, only five 
bacteremia cases related to an intravascular device were reported from a Spanish hospital 
(36). Four patients received antibiotics, and all patients were cured after catheter removal. 
In another report, 45 episodes of S. maltophilia bacteremia were observed over a 10-year 
period from 1990 to 2001 (37). All patients were immunocompromised, and in 38 cases, 
the source of infection was an indwelling device. Catheter removal seems to be crucial, 
since 92 % of patients with catheter removal survived, whereas only 54% did without 
catheter removal. Two cases of CRI due to S. maltophilia were reported from cystic 
fibrosis patients with implanted catheters (38). The source of infection was not the 
patients’ own flora, but most likely contamination occurred during home-handling of the 
catheter. For cure in both cases, the device had to be removed. 

Nonfermenters (Nonfermentative gram-negative Rods) 

In general, the group of nonfermentative gram-negative bacteria includes a variety of 
heterogeneous organisms. An overview on colonization or infections due to these 
organisms is complicated by the fact that they frequently have undergone taxonomic 
changes. 

Nonfermentative, nonfastidious gram-negative bacilli, formerly classified as 
Achromobacter spp. or Achromobacter-like organisms, have been assigned among others 
to Agrobacterium spp., Alcaligenes spp., and Ochrobactrum anthropi. The organisms 
have been isolated from clinical specimens, the environment, and hospital water supplies. 
As far as the confusing taxonomy allows interpretation, it is only recently that these 
microorganisms have been recognized in humans as pathogens associated with 
intravascular catheter infections (39−42). 

Infections, including catheter-associated bacteremia, due to Achromobacter 
xylosoxidans, subspecies xylosoxidans (formerly Alcaligenes xylosoxidans and 
Alcaligenes denitrificans, subspecies xylosoxidans), were observed in cancer patients 
(43,44), and in patients with AIDS (41,45). Despite resistance to aminoglycosides, the 
patients were successfully treated with a combination of ceftazidime and amikacin 
without removing the catheter. Infections occurring in neutropenic hematology patients 
were successfully treated with imipenem and catheter removal (46,47). One case of CRI 
due to Achromobacter piechaudii has been reported in a hematology patient (48). The 
antimicrobial resistance of Achromobacter spp. appears to be unpredictable, and the 
optimal therapeutic management is unknown. After reviewing the literature, Legrand and 
Anaissie (44) came to the conclusion that infections usually respond to therapy with 
TMP/SMZ or an appropriate β-lactam antibiotic. The use of multiple antibiotics 
[including combinations with aminoglycosides, which shows synergistic or additive 
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effects in vitro (49)] has also been recommended, but whether the infected device has to 
be removed remains unclear. 

Agrobacterium species are nonfermentative saprophytic bacilli, which are found in 
aqueous environments and appear to be nonindigenous to human beings. Until 1997, 25 
cases of systemic infections had been reported. Infections were strongly related to the 
presence of foreign plastic material (50). Rhizobium (Agrobacteriuni) radiobacter may 
produce copious amounts of slime and form biofilms, characteristics that may enhance its 
pathogenic ability to cause infections in patients requiring intravenous access and 
peritoneal dialysis (2,51). Community-acquired CRI may arise through handling plants, 
as reported by Alnor et al. (51) and Hulse et al. (52). Restriction enzyme analysis of 
Agrobacterium isolates from eight patients of one hospital revealed unique patterns in 
each case, thus excluding a common nosocomial source (52). In patients with mucositis 
and breakdown of the gastrointestinal barrier, translocation of the organism from the 
patient’s gut might be another possible source. Antimicrobial susceptibility is variable 
and treatment must be based on individual antimicrobial susceptibility results. Most cases 
responded to treatment only after removal of the indwelling device. 

Chryseobacterium meningosepticum and C. indologenes (formerly Flavobacterium 
spp.) are found in water and in the hospital environment. Bacteremia was shown to be 
related to the infusion of contaminated blood products (53). In 1973, Chryseobacterium 
bloodstream infections occurred in 14 ICU patients in a five-month period (54), and 
further investigation revealed a common in-hospital source of infection. Fever and 
positive blood cultures persisted in eight of 14 patients, despite antibiotic treatment. The 
symptoms resolved in five of six patients after the arterial catheter had been removed. No 
deaths were directly related to Chryseobacterium bacteremia. Catheter-related infections 
due to C. indologenes and C. meningosepticum have been reported recently (55–58). All 
infections occurred in severely immunocompromised patients. In one series, the deaths of 
five from 36 infected patients were directly attributable to C. indologenes infection (57). 
Despite variable antimicrobial susceptibility of strains that makes antibiotic treatment 
difficult, Hsueh et al. reported successful treatment of CRI without removal of the 
catheter in six of seven patients (56). 

The first case of bacteremia caused by Ochrobactrum anthropi (formerly 
Achromobacter, CDC group-Vd) was reported by Kish et al. in 1984 (59). Since then, 
other, mainly catheter-related, bacteremia cases have been published (39,40,42,51,60), 
one case in an immunocompetent host (61). In general, catheter-related infections by 
these species have been described in neutropenic cancer patients as well as in 
nonneutropenic patients. Hospital water supplies and translocation from the gut were 
discussed as possible sources. The extensive resistance of these microorganisms to a wide 
range of antimicrobial agents, including penicillins, cephalosporins, aminoglycosides, 
and antibiotic therapy failure in spite of in vitro susceptibility, makes management even 
more difficult (40,42). In general, the choice of antibiotic treatment seems to depend on 
the individual antibiogram, and removal of the catheter is probably necessary, despite the 
fact that in one publication, removal of the catheter alone seemed to clear infection (42). 
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Other gram-negative Bacilli 

Aeromonas hydrophila is a facultative anaerobe, oxidase-positive, gram-negative rod, 
belonging to the family Vibrionaceae. Aeromonas spp. can be found in water, soil, and 
foodstuffs. Aeromonas spp. may cause wound infections, diarrheal disease, and 
extraintestinal infections such as meningitis, osteomyelitis, peritonitis, urinary tract 
infections, and bloodstream infections. So far, most cases of bacteremia have occurred in 
patients with hepatic or pancreatic diseases and leukemia. One case of A. hydrophila 
bacteremia was reported among a group of 15 patients with pulmonary artery catheter 
infections, described by Rello et al. (62). The strain probably originated from the IV 
system, since the catheter hubs were contaminated with the organism. Siddiqui et al. (63) 
published a case report of a 50-year-old patient who died of a myonecrosis. The gas 
gangrene-like presentation due to A. hydrophila followed the insertion of an IV catheter 
into the long saphenous vein. 

Bordetella spp. cause infections in humans and animals. Whereas B. pertussis and B. 
parapertussis are restricted to humans, B. bronchiseptica mainly causes respiratory 
infections in animals (64). B. bronchiseptica bacteremia is extremely rare. So far, only 
one case of catheter-related bacteremia has been reported (65). At the time of infection, a 
33-year-old patient with AIDS received ganciclovir maintenance treatment via an 
indwelling Broviac catheter. Several weeks after experiencing a CRI due to Bacillus 
subtilis, which was cured without removing the catheter, the patient presented with high 
fever and chills. Achromobacter spp. was isolated from blood cultures and the patient 
received imipenem. After two weeks of treatment, the patient was discharged with the 
Broviac catheter still in place. However, another episode of CRI occurred three weeks 
later. This time, B. bronchiseptica was isolated from blood cultures, and despite treatment 
with imipenem, bacteremia only cleared after the catheter was removed. The authors 
presumed that the initial identification as Achromobacter spp., done in a commercial 
laboratory, may have been incorrect, since B. bronchiseptica and Achromobacter spp. 
differ only by a few biochemical reactions and the susceptibility tests of the two isolates 
were very similar (susceptible to aminoglycosides, ciprofloxacin, and imipenem; resistant 
to penicillins and cephalosporins). The second episode of CRI may therefore represent a 
relapse. As a possible source of the infection, close contact to an animal vector (cat) was 
suggested. 

Campylobacter spp. are recognized as a leading cause of diarrhea in humans. Hsueh et 
al. reported a cancer patient with a peritoneo-caval shunt, from whom C. coli was 
cultured from the blood and from parts of a dysfunctioning shunt catheter. The patient 
was treated with ciprofloxacin and the catheter remained in situ. Unfortunately, it was not 
reported if the patient recovered (66). 

Haemophilus influenzae has not yet been reported to cause CRI, but by 1993, 27 CSF 
shunt infections have been published, including the case described by Wong et al. (67). 
The reported cases were treated with antibiotics alone and removal of the shunt was not 
necessary. The exact pathogenesis of these infections remains unclear, but seeding of 
bacteria to the meninges and the shunt in the presence of bacteremia seems to be the most 
probable cause. 

Kingella kingae is another uncommon resident of the upper respiratory tract, which 
has been reported to cause CRI (68). This fastidious coccobacillus is part of the so-called 
HACEK group of microorganisms (Haemophilus spp., Actinobacillus 
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actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, Kingella spp.), 
which are known to cause rare cases of endocarditis. K. kingae mainly causes bacteremia 
and osteomyelitis, and since the organism does not colonize the skin, CRI is probably 
secondary to systemic infection. Treatment with penicillins, cephalosporins, amino-
glycosides, or TMP/SMZ is recommended (68). 

Moraxella osloensis is a gram-negative, oxidase-positive, aerobic coccobacillus, 
which is considered to be a part of the normal resident respiratory tract flora and has only 
rarely been implicated as a human pathogen. The first report of central venous catheter 
infection was published in 1993 (69). A 71-year-old woman receiving long-term total 
parenteral nutrition for her short bowel syndrome and suffering from chronic sinusitis 
experienced a suddenonset fever and rigors after flushing of her Hickman line. No signs 
of exit site infection were present, but multiple blood cultures drawn through the line 
grew M. osloensis. The authors supposed that the organism had been introduced into the 
bloodstream either directly from the sinuses or through contamination of catheter hubs 
with sinus secretions. Treatment with vancomycin and gentamicin was started for 
presumptive CRI. Clinical signs resolved within a day and the patient was discharged 
after four weeks of IV treatment. Moraxella spp. are usually susceptible in vitro to 
penicillin, cephalosporins, aminoglycosides, chloramphenicol, and erythromycin, and, as 
shown previously, treatment of CRI may be possible without removing the infected 
catheter. 

Miscellaneous Gram-Positive Bacteria 

Gram-Positive Cocci 

During the past decade, the prevalence and importance of infections caused by 
enterococci increased significantly. In a prospective, observational study of 110 patients 
with serious enterococcal infections, such as endocarditis, bacteremia, cholangitis, 
pancreatitis, osteomyelitis, pneumonia, and empyema, catheter-related bacteremia was 
the single most common infection, accounting for 28% of all infections (70). In infants, 
all infections were catheter-related bacteremia. Overall, 78% of the enterococcal isolates 
were identified as E. faecalis, 20% as E. faecium, and 1% as E. gallinarum and E. 
casseliflavus, respectively. E. faecium was the most common species accounting for 
relapse. In one of these patients with CRI due to high-level, vancomycin-resistant E. 
faecium, bacteremia recurred after resistance to ciprofloxacin developed, which was the 
only antibiotic to which the strain was initially susceptible. 

Enterococcus casseliflavus is a motile enterococcus, which forms yellow pigmented 
colonies on blood agar and accounts for less than 1% of all human enterococcal isolates 
(71). Recently, the organism was isolated from multiple blood cultures drawn through 
both lumina of a Hickman catheter inserted into a 19-year-old patient with leukemia (72). 
The girl developed fever of unknown origin during aplasia following remission-induction 
therapy and was treated empirically with penicillin, ceftazidime, and vancomycin. Once 
the organism’s identity and susceptibility was known, treatment was switched to 
ampicillin and teicoplanin since E. casseliflavus is intrinsically resistant to low levels of 
vancomycin, and after 48 h treatment the patient became afebrile. Unfortunately, it was 
not reported whether the colonized Hickman line was removed. 
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Micrococcus spp. have been isolated from different clinical specimens. Relapsing 
bacteremia due to Micrococcus luteus was reported in a hemodialysis patient with a 
Perm-a-cath™ catheter (73) and in a child (74). Micrococcus kristinae has recently been 
reclassified in the new genus Kocuria. This bacterium has been described as causing 
recurrent bacteremia in a woman with ovarian cancer (75). After two courses of antibiotic 
therapy with various agents (glycopeptide, ciprofloxacin, and clindamycin), the CVC was 
removed during the third episode of antimicrobial treatment with no further recurrence of 
the infection. 

Pediococcus spp. are ubiquitous, facultative, anaerobic Gram-positive cocci, which 
until recently, were considered clinically irrelevant. Pediococcus spp. are widely used in 
the food-processing industry and are normal inhabitants of the gastrointestinal flora. So 
far, only two of the eight Pediococcus spp. known have been reported to cause infections 
in humans, but with the ongoing attempts to improve the diagnosis of vancomycin-
resistant gram-positive cocci, the isolation of these organisms from clinical specimens 
can be expected to increase. Atkins et al. (76) presented an infant who required a central 
venous catheter for total parenteral nutrition secondary to gastroschisis. The infant 
developed a polymicrobial catheter-related bacteremia due to Klebsiella pneumoniae, 
coagulase-negative staphylococci, and a nonhemolytic streptococcus, later identified as 
P. pentosaceus. Since the catheter became obstructed, it was removed and cure was 
achieved following treatment with vancomycin and amikacin. The recent recognition of 
P. pentosaceus as a pathogen is probably due to an improved diagnosis rather than an 
increase in frequency or virulence. Its intrinsic resistance to vancomycin may lead to 
complications, especially during the treatment of nosocomial infections for which 
glycopeptides are often empirically used. 

Ascher et al. (77) described 10 cases of bacteremia due to Rothia mucilaginosus 
(formerly Stomatococcus mucilaginosus, Staphylococcus salivarius, or Micrococcus 
mucilaginosus) and reviewed eight other case reports of bacteremia due to this organism. 
Mucositis and catheter-related infections were among the most common clinical 
presentations, and bacteremia was frequently associated with risk factors such as 
intravenous drug abuse, cardiac valve disease, the presence of foreign bodies (especially 
indwelling vascular catheters), and an immunocompromised state. R. mucilaginosus is an 
organism of low virulence and is readily treatable with antibiotics, such as erythromycin, 
cefazolin, or vancomycin. Treatment of CRI or foreign body-related infections might be 
successful without removal of the device. 

Corynebacterium Spp. and Related Genera 

Corynebacterium spp. comprise an extremely varied genus of which only 
Corynebacterium diphteriae, C. jeikeium, and C. urealyticum are considered indisputable 
pathogens. Single cases of CRI due to various Corynebacteria have been described over 
recent years. 

C. afermentans var. afermentans is a gram-positive rod, formerly referred to as 
Corynebacterium CDC group ANF-1. As other coryneform bacteria, the microorganism 
is part of the normal resident skin flora. Two case reports of intravenous line infections 
with this organism have been published in the literature (78,79). The authors of both 
reports concluded that the bacteremia in their patients was due to the corynebacterium, 
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even though the organism was only isolated from blood cultures or the catheter tip, but 
not from both sites. In another patient with C. afermentans bacteremia, Kerr et al. (79) 
attributed the failure to isolate C. afermentans from the line to the use of vancomycin at 
the time the catheter was removed. Despite adequate antibiotic treatment, fever only 
resolved after the Hickman line was removed. Intravenous lines are a likely source of this 
organism since in vitro experiments show C. afermentans to grow in large numbers on 
the surface of intravenous lines [Dealler unpublished, in reply to (79)]. 

In 2001, three cases of bacteremia—including one case of CRI—due to C. 
amycolatum were presented by Oteo et al., all of them occurring in immunocompromised 
patients (80). Two cases involving C. aquaticum were reported in 1995 and 1998 (81,82). 
Infections due to C. jeikeium (group JK) are reported most frequently in neutropenic or 
otherwise immunocompromised patients, including AIDS patients, with central venous 
catheters in place (83,84). In 2001, Wang et al. reviewed charts of 53 bone marrow 
transplant recipients with Hickman catheters and C. jeikeium bacteremia (85). Ten 
patients underwent catheter removal with subsequent vancomycin therapy, and 41 
patients were treated with vancomycin with the catheter left in place. Salvage of the 
intravascular catheter was successful in 38 of 41 (93%) patients. The percentage of 
recurrent bacteremia was the same with and without catheter removal. The authors 
concluded that in many patients with Hickman catheters, C. jeikeium bacteremia might be 
treated successfully with vancomycin, without removal of the catheter. 

Cavendish et al. (86) reported a polymicrobial catheter-related bacteremia involving a 
multiresistant strain of C. minutissimum, isolated from blood cultures and the tip of a 
femoral central venous catheter, together with C. jeikeium, and S. aureus. All three 
microorganisms, including C. minutissimum, which is usually susceptible to penicillin, 
cephalosporins, doxycycline, and clindamycin, were only susceptible to vancomycin. It 
was suggested that the placement of the catheter through a skin lesion was responsible for 
the catheter colonization and subsequent infection (86). Another case of CRI due to C. 
minutissimum was presented in 1998 by Rupp et al. (87).  

Until now, a total of five patients with systemic C. striatum infections have been 
described, including one patient with bacteremia. Tumbarello et al. (88) provided the first 
report of C. striatum bacteremia in a patient with AIDS, and believed that the presence of 
a central venous catheter was the cause of the infection. 

C. urealyticum (formerly CDC group D2) is a skin commensal known to cause urinary 
tract infections but rarely bacteremia. A case of CRI due to C. urealyticum was recently 
reported in a neutropenic patient, who did not respond to empirical treatment with 
imipenem and vancomycin (89). The patient recovered only after removal of the 
Hickman catheter, which was shown to be heavily contaminated with C. urealyticum. 
Isolates from the catheter and the blood culture were resistant to aminoglycosides and β-
lactam antibiotics, including imipenem, but susceptible to vancomycin. This report 
underscores the importance of removing any device that might be the source of infection 
due to a skin commensal when bacteremia persists despite apparently appropriate 
antibiotics. 

Microbacterium spp., including Aureobacterium spp., bacteria formerly as known 
Corynebacterium CDC group A-4 and A-5 and Microbacterium spp., have been reported 
to cause catheter-related bacteremia (90–93). Of special interest is a case report of an 11-
year-old patient with acute myelo-blastic leukemia, who developed catheter-related sepsis 
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caused by a vancomycin-resistant Corynebacterium CDC group A-5 (91). The natural 
habitat and clinical significance of this organism are unknown, but resistance to 
vancomycin, which is commonly used to treat CRI in neutropenic patients, may 
complicate empirical treatment. The boy was successfully treated with cefotaxime, 
without removal of the catheter. The other reported patients responded well to various 
antibiotics, including vancomycin, but the catheter had to be removed in most cases. 

Brevibacterium epidermidis is part of the normal resident skin flora. Until 1991, no 
cases of B. epidermidis infections have been reported in humans. However, in 1992, a 40-
year-old man receiving total parenteral nutrition developed a CRI with erythema at the 
subclavian insertion site. Peripheral blood cultures and a culture of the catheter tip 
yielded coryneform bacteria, later identified as B. epidermidis (94). As most of the other 
CRI caused by Corynebacterium species, the case also reflects the tendency of socalled 
nonpathogenic skin organisms to cause central venous catheter infections. 

Bacillus Spp. and Other Gram-Positive Bacteria 

Bacillus spp. are aerobic, gram-positive or gram-variable, spore-forming rods, which are 
found in decaying organic matter, dust, soil, and water. They are frequent culture 
contaminants and, with the exception of Bacillus anthracis, often not considered to be 
clinically significant when recovered from clinical specimens. Bacillus spp. have been 
occasionally reported to cause meningitis, pneumonia, and bacteremia (95). Bacteremia 
has been detected among IV drug abusers with endocarditis (95,96), and after 
administration of an oral preparation (Bactisubtil®) containing Bacillus subtilis spores to 
immunocompromised patients (97). However, Bacillus bacteremia seems to be mainly 
related to the use of IV devices (96). If Bacillus spp. are isolated from blood cultures of a 
patient with sepsis, IV devices should be considered as the most probable source. 
Indwelling vascular catheters should be promptly removed, especially among 
immunocompromised patients, and empirical antibiotic treatment should be started (98). 
Among nonimmuno-compromised patients, the clinical course is indolent and bacteremia 
may even be self-limiting. In this setting, antibiotic treatment should be delayed until the 
antibiotic susceptibility is known. Whereas most Bacillus spp. are susceptible to β-lactam 
antibiotics, B. cereus is frequently resistant. Imipenem, ciprofloxacin, and gentamicin are 
highly active, as is vancomycin, which is also bactericidal at the MIC (99). In a patient 
with AIDS, B. subtilis bacteremia resolved with vancomycin therapy without removing 
the indwelling Broviac catheter (97). 

Lactobacillus rhamnosus is part of the normal human flora and very rarely causes 
infections. Carretto et al. report a case of CRI due to this organism in a patient who 
underwent single lung transplant (100). The patient was treated with ciprofloxacin. 

Fish and Danziger (84) reported 4.8% of all pathogens causing bacteremia in HIV-
infected patients to be Listeria monocytogenes. The authors did not describe whether 
these infections were catheter-related, but Katner and Joiner (101) reported an AIDS 
patient whose bacteremia was traced to an indwelling IV catheter. Among U.S. cancer 
patients, 1% of bacteremia cases were due to this organism (8). L. monocytogenes was 
furthermore shown to cause a ventriculo-peritoneal shunt infection in a patient with a 
brain tumor, who was successfully treated with TMP/SMZ after removal of the device 
(102). 
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Rothia dentocariosa is a coccal to rod-shaped, anaerobic bacterium morphologically 
resembling Actinomyces, Corynebacterium, and Nocardia spp. It is part of the normal 
oral and upper respiratory tract flora and in general is susceptible to penicillins, 
cephalosporins, erythromycin, vancomycin, aminoglycosides, chloramphenicol, and 
TMP/SMZ. However, susceptibility results are limited to a few isolates and were 
determined using different methods (103,104). Infections are rare, but range from 
periodontal inflammation (104) and other infections of the oral cavity to endocarditis 
with brain abscess (105). An infection due to R. dentocariosa associated with an 
intravascular device was reported in a 46-year-old diabetic suffering multiple postsurgery 
complications, including renal failure that required hemodialysis. During hospitalization, 
when the patient was treated with vancomycin and gentamicin for CRI, and during the 
first months after discharge, the arterio-venous shunt, despite being implicated as the 
source of the infection, was still used for vascular access without evidence of local or 
systemic infection (106). 

Actinomycetes 

Actinomycetes are aerobic, catalase-producing, branched filamentous bacteria. The 
organisms are ubiquitous, having been found on human and animal body surfaces, as well 
as in soil and plants. 

Gordonia (Gordona, Rhodococcus) species are known to cause rare cases of skin and 
pulmonary infections. Buchman et al. (107) described two immunocompetent patients 
with long-term parenteral nutrition with CRI due to G. rubropertincta and G. terrae, 
respectively. It was assumed that the microorganisms gained access to the bloodstream 
through manipulation and contamination of home TPN catheters. Both cases were 
successfully treated with antimicrobial therapy, and removal of catheters does not seem 
necessary, even though this was done in one case. Five cases of CRI caused by G. terrae 
in nonneutropenic cancer patients were recently reported from the United States (108). 
All patients were successfully treated with antibiotics, with the requirement of catheter 
removal for two patients who had signs of systemic infection. 

Catheter-related bacteremia has been reported with three different Nocardia species 
(109–111). A Tenckhoff catheter-associated infection due to N. asteroides (109) in a 
CAPD patient and an implantable central venous catheter infection with N. nova (110) 
were both successfully treated with antibiotics and removal of the catheter. In one case 
report, Hickman catheter-related bacteremia caused by N. otitidis-caviarum in a bone 
marrow transplant patient was successfully treated without removing the catheter, after 
switching from vancomycin to imipenem treatment (111). 

Tsukamurella paurometabolum (formerly Corynebacterium paurometabolum, 
Gordona aurantiaca, Rhodococcus aurantiacus) is a pleomorphic gram-positive bacillus, 
which is weakly acid-fast. Until the case reports of Shapiro et al. (112), only a handful of 
human infections had been published, and none included bacteremia. The authors 
described three cases of T. paurometabolum bacteremia related to long-term use of 
central venous catheters in cancer patients. In all cases, persistence of positive blood 
cultures during antibiotic therapy necessitated removal of the catheter. A detailed case 
report of one of the patients was published by Lai (113) a year later. In 1998, a case of 
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catheter-related bacteremia caused by T. pulmonis was published by Maertens et al. 
(114). Also in that case, the Hickman catheter had to be removed to clear infection. 

Mycobacteria 

Mycobacteria are acid-fast, aerobic, nonmotile bacteria. At least 25 species are associated 
with the development of granulomatous infections in humans. Twenty-three patients who 
had undergone hematopoietic stem cell transplant were reported with catheter-related 
infections caused by various rapidly growing mycobacteria by Gaviria et al. in 2000 
(115). All patients received antimycobacterial chemotherapy with at least two agents over 
a period from 3–6 weeks; in 21 of them, the catheter had to be removed.  

M. chelonae and M. fortuitum (the M. fortuitum complex) are rapidly growing, 
ubiquitous mycobacteria found in soil and water. Both mycobacteria have been identified 
as the cause of skin/soft-tissue abscesses, wound infections, pulmonary infections, 
keratitis, peritonitis, endocarditis, and bacteremia. Bacteremia occurred in association 
with prosthetic valves, sternal wounds, and reused hemodialyzers. Until 1991, 29 cases of 
CRI had been reported in the literature (116). The incidence was reported to follow the 
increasing use of central venous catheters, but in general was low (1.2 cases per year). 
None of the patients with CRI due to M. fortuitum complex showed signs of a 
disseminated cutaneous form of the infection, except at the catheter insertion site. 
Another indication that the infections in the described patients were strictly catheter-
related rather than due to disseminated disease is that none of the patients died and even 
those who initially failed treatment recovered after catheter removal. In addition to 
appropriate antibiotics (TMP/SMZ or amikacin, depending on in vitro susceptibility), 
removal of the catheter is essential. Furthermore, in cases with tunnel infections, surgical 
excision of the infected tissue (skin and tunnel track) is recommended. Recurrent M. 
chelonae CRI was reported in 1998 by Hsueh et al. (3). The recovered strain grew in two 
different morphotypes and the mucoid strain adhered to plastic material. The catheter was 
removed and the patient was treated with clarithromycin, ciprofloxacin, and amikacin for 
two months and recovered. 

In contrast to the localized infection caused by M. fortuitum complex, Schelonka et al. 
(117) described two cases of secondary catheter-related M. avium complex (MAC) 
infections in patients with disseminated disease. CRI was probably due to seeding of the 
catheter by hematogenous spread of MAC. Bloodstream infection was cleared only after 
removal of the catheter (Port-a-cath). The treatment included rifampin, ethambutol, 
amikacin, clarithromycin, clofazimine, and ciprofloxacin. The last three drugs were 
continued for 14 and 20 months, respectively. Mycobacterium neoaurum is a rapidly 
growing mycobacterium, primarily found in soil, besides being recovered from dust and 
water, that had not been described to cause infections in humans until Davison et al. 
(118) reported the isolation of M. neoaurum from the Hickman catheter of an 
immunocompromised patient. Six years later, Holland et al. (119) reported a bone 
marrow transplant recipient who suffered from bacteremia and insertion site infection due 
to M. neoaurum during aplasia. Despite rapid clinical response during treatment with 
ticaracillin/clavulanate and tobramycin, bacteremia persisted until the catheter was 
removed. Microbiological cultures of the tip indeed revealed M. neoaurum. In 1999, the 
first  
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Table 4 Alphabetic List, Natural Source, and 
Clinical Data of Miscellaneous Organisms Causing 
Catheter-Related Infections 

Microorganism Reference no. Natural 
source 

Clinical 
infections 

Recommended 
antibioticsa 

Catheter 
removal 

Aeromonas 
hydrophila 

(63,107) Water 
sources, 
environment, 
food 

CRI, 
cellulitis, 
bacteremia, 
UTI, 
endocarditis, 
osteomyelitis, 
peritonitis, 
meningitis, 
diarrhea 

TMP/SMZ, ciprofloxacin, 
tetracycline, 
aminoglycosides, 
piperacillin, 2nd + 3rd gen. 
cephalosporins 

  

Acinetobacter 
spp. 

(138,139) Environment, 
normal 
human flora 

CRI, 
bacteremia 

No antibiotics given/ 
piperacillin, amoxicillin/ 
clavulanate, cefoperazone, 
netromycin 

+ 

Agrobacterium 
(Rhizobium) spp. 

(2,5,9,13, 50–52, 
140–142)  

Environment, 
water 
sources, 
plants 

CRI, 
endocarditis, 
UTI, CRI, 
endocarditis, 
UTI, 
peritonitis, 
bacteremia 

Ciprofloxacin, TMP/ SMZ, 
imipenem, 
aminoglycosides, 
latamoxcef, piperacillin 

+ 

Achromobacter 
(Alcaligenes) 
spp. 

(1,2,33,41,43,44, 
46–49) 

Water 
sources, 
hospital 
environment, 
human GI 
tract, soil 

CRI, 
bacteremia, 
peritonitis, 
meningitis, 
pneumonia, 
endocarditis, 
pyelonephritis

TMP/SMZ, 
antipseudomonalpenicillins, 
ceftazidime, cefepime, 
imipenem, aminoglycosides 

?/−/+ 

Bacillus spp. (9,95–98) Environment, 
water sources 

CRI meningitis, 
wound 
infection, 
pneumonia, 
bacteremia, 
osteomyelitis 

Imipenem, 
vancomycin, 
ciprofloxacin, 
aminoglycosides, 
betalactam 
antibiotics, depending 
on species 

+/− 

Bordetella 
bronchiseptica 

(65) Animal (rarely 
human) 
respiratory tract 

CRI, CAPD 
peritonitis, 
meningitis, 
pneumonia, 
endocarditis 

Ciprofloxacin, 
imipenem, 
aminoglycosides 

+ 

Brevibacterium (9,94) Human skin CRI (insertion Penicillins, ? 
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spp. site) erythromycin, 
tetracycline, 
cephalosporins, 
aminoglycosides, 
vancomycin 

Burkholderia 
cepacia 

(12–14,21, 
130,131,143) 

Water sources, 
environment, food 
(onions), animal 
sources, hospital 
equipment, 
including 
disinfectants 

CRI, 
pneumonia, 
UTI, meningitis, 
endocarditis, 
wound 
infection, 
arthritis 

Ceftazidime, 
piperacilline, 
imipenem, TMP/ 
SMZ, failure of 
antibiotic treatment 
without catheter 
removal 

+ 

Campylobacter 
spp. 

(66,144) Animals, 
environment 

CRI (peritoneal-
caval shunt 
bacteremia 

Ciprofloxacin, 
netilmicin (cave: 
ciprofloxacin 
resistance!) 

+ 

CDC Group IV 
2-c 

(22) Water sources CRI Ciprofloxacin, 
imipenem, 
ceftazidime 

+/− 

Microorganism Reference 
no. 

Natural 
source 

Clinical 
infections 

Recommended 
antibioticsa 

Catheter 
removal 

Chryseomonas 
luteola 

(23) Primarily 
human 
saprophyte, 
water sources 

CRI, 
endocarditis, 
bacteremia 

Ureidopenicillins, 3. 
gen. cephalosporins, 
aminoglycosides 

+ 

Comamonas 
acidovorans 

(15,16) Water 
sources, 
environment, 
food 

CRI, 
bacteremia 

(not mentioned) + 

Comamonas 
testosteroni 

(17)   CRI Piperacillin/tazobactam + 

Corynebacterium 
afermentans 

(78,79) Human skin 
and mucous 
membranes 

CRI, 
endocarditis, 
bacteremia 

Glycopeptide, rifampin, 
aminoglycosides 

+ 

Corynebacterium 
amycolatum 

(80) Human skin 
and mucous 
membranes 

CRI, 
bacteremia, 
pneumonia, 
wound 
infection 

(not mentioned) ? 

Corynebacterium 
aquaticum 

(81,82) Environment, 
fresh water 

CRI, 
bactermia 

(not mentioned) ? 

Corynebacterium 
jeikeium 

(83–85) Human skin 
and mucous 
membranes 

CRI, 
endocarditis, 
bacteremia,

Glycopeptide, 
doxycycline, rifampin 

+/− 
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UTI, 
pneumonia, 
meningitis 

Corynebacterium 
minutissimum 

(86,87) Human skin 
and mucous 
membranes 

CRI, 
erythrasma, 
endocarditis 

Glycopeptide, 
cephalosporins, 
penicillin, 
erythromycin, 
clindamycin, 
doxycycline 

? 

Corynebacterium 
striatum 

(88) Human skin 
and mucous 
membranes, 
cattle 

CRI, 
pneumonia, 
endocarditis, 
arthritis, 
wound 
infection, 
bacteremia 

Glycopeptides, 
rifampin, 
aminoglycosides 

+/? 

Corynebacterium 
urealyticum 

(89) Human skin and 
mucous 
membranes 

CRI, UTI, 
endocarditis, 
bacteremia 

Glycopeptides, 
rifampin, 
aminoglycosides 

+ 

Enterococcus 
casseliflavus 

(71) Human GI-tract CRI, bacteremia Ampicillin, 
teicoplanin, (cave: 
vancomycin 
resistance!) 

? 

Enterococcus 
faecalis/ faecium 

(70) Human GI-tract CRI, bacteremia, 
endocarditis, 
cholangitis, 
pancreatitis, 
pneumonia 

Glycopeptides 
ampicillin ( + 
aminoglycoside) 

? 

Ewingella americana (145)         

Flavimonas 
oryzihabitans 

(23–
26) 

Natural and 
hospital 
environment, 
water sources, 
human 
saprophyte 

CRI, wound 
infection, CAPD 
peritonitis, abscess, 
bacteremia 

TMP/SMZ, 
ureidopenicillins, 3. 
gen. cephalosporins, 
aminoglycosides, 
imipenem, 
ciprofloxacin 

−/+ 

Flavobacterium 
(Chryseobacterium) 
spp. 

(54–
58) 

Water sources, 
hospital 
environment 

CRI, bacteremia ?, commonly 
multiresistant 

+ 

Gordona spp. (107) Environment CRI, meningitis, 
(sternal) wound 
infections, 
pulmonary 
infections 

TMP/SMZ, imipenem, 
3rd gen. 
cephalosporins, 
amikacin, 
ciprofloxacin 

−/+ 

Kingella kingae (68) Human 
respiratory tract 

CRI, endocarditis, 
bacteremia,

Penicillins, 
cephalosporins,

? 
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osteomyelitis, 
endophthalmitis 

TMP/SMZ, 
aminoglycosides, 
erythromycin 

Microorganism Reference 
no. 

Natural 
source 

Clinical 
infections 

Recommended 
antibioticsa 

Catheter 
removal 

Kocuria kristinae (75) Human skin 
and mucous 
membranes, 
soil, animals 

CRI, bacteremia Clindamycin, 
erythromycin, 
ciprofloxacin 

+ 

Lactobacillus 
rhamnosus 

(100)   CRI Ciprofloxacin   

Listeria 
monocytogenes 

(101,102) Environment, 
water sources, 
food, human 
and animal GI-
tract 

CRI, 
endocarditis, 
CNS infections, 
including CSF-
shunt infection 

Penicillin + 
aminoglycosides, 
TMP/SMZ, 
erythromycin, 
tetracycline, 
rifampin 

? 

Methylobacterium 
extorquens 

(19,20) Plants, 
environment, 
water sources, 
air 

CRI, RTI, 
peritonitis, skin 
ulcers, uveitis 

TMP/SMZ, 
imipenem, 
ciprofloxacin, 
aminoglycosides, 
tetracycline 

− 

Microbacterium 
spp. (Coryneform 
CDC Group A-5) 

(90–93) Environment, 
water sources, 
plants, dairy 
products, 
sewage, 
human skin (?)

CRI, bacteremia, 
endocarditis, 
endophtalmitis, 
cellulitis, central 
nervous system 
infection 

Vancomycin, 
penicillin, 3rd 
generation 
cephalosporins 
(vancomycin 
resistance) 

+/? 

Moraxella 
osloensis 

(69) Human 
respiratory 
tract 

CRI, septic 
arthritis, 
meningitis, 
endocarditis 

Penicillins, 
cephalosporins, 
aminoglycosides, 
erythromycin 

− 

Mycobacterium 
aurum 

(122) Environment, 
water sources 

CRI, bacteremia Clarithromycin, 
amikacin 

− 

Mycobacterium 
avium complex 

(117,136) Environment, 
water sources 

CRI, bacteremia, 
endocarditis, RTI, 
abscesses, wound 
inf., peritonitis 

Rifampin, ethambutol, 
amikacin, 
clarithromycin, 
clofazimine, 
ciprofloxacin 

+ 

Mycobacterium 
chelonae 

(3) Environment, 
water sources 

CRI Clarithromycin, 
ciprofloxacin, amikacin 

+ 

Mycobacterium 
fortuitum 
complex 

(116,137) Environment, 
water sources 

CRI, bacteremia, 
endocarditis, RTI, 
abscesses, wound

Rifampin, ethambutol, 
amikacin, 
clarithromycin,

+ 
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inf., peritonitis clofazimine, 
ciprofloxacin 

Mycobacterium 
neoaurum 

(118–
121) 

Environment, 
water sources 

CRI (?) + 

Mycobacterium 
septicum sp. nov. 

(123) Environment, 
water sources 

CRI, bacteremia Erythromycin, 
vancomycin, 
tobramycin 

+ 

Mycobacterium 
smegmatis 

(124)   CRI, bacteremia Doxycycline, 
ciprofloxacin 

+ 

Nocardia 
asteroides 

(109) Environment, 
animals, 
humans, plants 

CRI, pulmonary 
abscess, CNS 
infection, 
mycetoma 

Sulfonamides + 
tetracycline or 
aminoglycoside, 
minocycline, 
betalacatams 

+/− 

Nocardia nova (110) Environment, 
water sources 

CRI, mycetoma Sulfonamides + 
tetracycline or 
aminoglycosides, 
minocycline, 
betalacatams 

+/— 

Microorganism Reference no. Natural 
source 

Clinical 
infections 

Recommended 
antibioticsa 

Catheter 
removal 

Nocardia 
otitidiscaviarum 

(111) Environment, 
water sources 

CRI, 
mycetoma 

Imipenem, 
sulfonamides + 
tetracycline or 
aminoglycosides, 
minocycline, 
betalacatams 

— 

Ochrobactrum 
anthropi 

(39,40,42,51,61, 
133,134) 

Environment, 
water sources, 
human GI tract

CRI, 
endocarditis, 
peritonitis, 
bacteremia 

TMP/SMZ, 
ciprofloxacin, 
imipenem, 
aminoglycosides 

+/− 

Pediococcus 
pentosaceus 

(77) GI tract (used 
in food 
processing 
industry) 

CRI, 
bacteremia 

Penicillin 4- 
betalactamase 
inhibitors, 
aminoglycosides, 
(cave: vancomycin 
resistance!) 

? 

Pseudomonas 
spp. 
(nonaeruginosa) 

(12,21) Water sources, 
plants, animal 
sources, 
general and 
hospital 
environment, 
oral flora 

CRI, UTI, 
wound 
infection, 
septic 
arthritis 

Imipenem, 
ceftazidime, 
piperacillin, 
ciprofloxacin, 
polymyxin, 
aminoglycosides 

+ 
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Ralstonia 
(Pseudomonas) 
pickettii 

(29) Water sources, 
(wet) hospital 
equipment and 
solutions 

CRI, 
bacteremia, 
meningitis, 
UTI, RTI 

Imipenem, 
ceftazidime, 
piperacillin, 
tobramycin 

+ 

Roseomonas 
gilardii 

(30,31)   CRI, 
bacteremia 

Ciprofloxacin   

Rothia 
(Stomatococcus) 
spp. 

(72,106) Oral 
flora/upper 
respiratory 
tract, dental 
caries, and 
plaque 

CRI, 
bacteremia, oral 
cavity infection, 
endocarditis 

Penicillin, 
erythromycin, 
aminoglycosides, 
TMP/SMZ, 
vancomycin, 
cephalosporins, 
ciprofloxacin, 
tetracycline 

−/+ 

Sphingomonas 
(Pseudomonas) 
paucimobilis 

(12,21,32–
35) 

Water sources, 
plants, air, 
hospital 
equipment 

CRI, peritonitis, 
UTI, meningitis, 
empyema, 
wound 
infection, 
splenic abscess, 
bacteremia 

Ceftazidime, 
piperacilline, imipenem, 
TMP/ SMZ 

+ 

Stenotrophomonas 
maltophilia 

(12,33,36–
38,146) 

Water sources, 
plants, animal 
sources, natural 
& hospital 
environment 

CRI, 
pneumonia, 
UTI, 
endocarditis, 
wound 
infection, 
corneal ulcers 

Ceftazidime, TMP/ 
SMZ, 
(imipenemresistant) 

+ 

Tsukamurella spp. (112–114) Environment CRI, 
pneumonia, 
meningitis 

TMP/SMZ, imipenem, 
3. gen. cephalosporins, 
amikacin, ciprofloxacin 

+ 

GI=gastrointestinal tract, CRI=catheter-related infection, UTI=urinary tract infection, 
TMP/SMZ=trimethoprim-sulfamethoxazole, CNS= central nervous system, CSF=cerebrospinal 
fluid, RTI=respiratory tract infection catheter removal (based on case reports): +necessary, +\− 
probably necessary, −\+possibly necessary, −probably not necessary, ? unclear. 
a Antibiotics successfully employed or in vitro susceptible. 

case of CRI due to M. neoaurum was reported from the United States (120). The 
immunocompetent patient recovered solely by removal of the Hickman catheter. Since 
the infection seemed to be polymicrobial in retrospect, the pathogenetic role of the 
mycobacterium remains unclear. CRI with M. neoaurum in a child with ALL cleared 
after removal of the catheter alone (121).  

Other mycobacteria, such as M. aurum (122), M.septicum sp. nov. (123), and M. 
smegmatis (124), have also been isolated from blood from immuno-compromised 
patients with indwelling devices. All patients recovered after removal of the catheter and 
antibiotic therapy for several weeks according to susceptibility testing. 
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Polymicrobial Infections 

Clusters of nosocomial infections focusing on a single organism, either because it is an 
unusual pathogen or because it appears in a large cluster, are easily identified and 
frequently reported. Ponce de Leon et al. (125) were the first to report a cluster of 
epidemiologically related polymicrobial bloodstream infections related to indwelling 
catheters, involving two or more common organisms such as S. epidermidis, S. aureus, 
Pseudomonas spp., Enterobacter spp., and C. albicans. Bacteremia due to several 
diflferent organisms (in place of a single causative pathogen) may be a first hint to 
consider CRI. In another study, polymicrobial bacteremia was shown to be especially 
frequent in neutropenic patients; 34% (29/86) of all bacteremic episodes versus 3% (1/30) 
in nonneutropenic patients (126). Intravascular catheters were the most common source 
of bacteremia in these cases, but the higher incidence of polymicrobial bacteremia was 
also assumed to be due to the repeated occurrence of cutaneous and mucosal lesions in 
these patients. Among ICU patients, the incidence of true polymicrobial bacteremia was 
8.4%, with Enterobacteriaceae being the most common pathogen (127). The prognosis of 
patients with polymicrobial bacteremia was not any worse than for those with 
monomicrobial bloodstream infections. Mortality was even significantly lower than in a 
cohort of patients with bacteremia due to a single organism. Since intravascular devices 
were the most common source (42.8%), the authors recommended removing these 
devices, even though they did not compare the outcome in patients with or without 
catheters left in place. In 1999, Martino et al. reported 45 episodes of catheter-related 
infections due to various species of nonfermenting gram-negative bacteria in 115 patients 
with hematological malignancies and solid tumors (128). Twenty-eight percent of all CRI 
were polymicrobial, and Acinetobacter spp. and Pseudomonas spp. were the most 
prevalent organisms isolated. 

CONCLUSIONS 

The review of the different case reports and case series illustrates that saprophytic and 
environmental organisms can realize their potential for causing CRI. So-called avirulent 
or saprophytic organisms from the patient’s own skin flora or from the environment that 
are present on the hands of health care workers inserting or handling the catheter may 
cause CRI, especially in the immunocompromised host. Therefore, the catalog of 
miscellaneous pathogens summarized in Table 4 may only represent the tip of the 
iceberg. Bacteremia due to uncommon pathogens is frequently reported, but information 
is seldom given as to whether the infection might have been catheter-related, even though 
intravascular devices seem to be the main source of bacteremia due to these organisms. 
The rapid development of medical technology leading to the use of new indwelling 
medical devices in patients increasingly at high risk for any nosocomial infection will 
furthermore increase the incidence of these newcomers among the pathogens causing 
CRI. Under such circumstances, Peptostreptococcus anaerobius (127), 
Propionibacterium spp. (127), and probably others, including other anaerobe bacteria 
(129), might already now be added to the list of pathogens causing CRI. Mortality and 
the rate of complications such as endocarditis or septic phlebitis seem to be low in cases 
with CRI due to these organisms. Still, a therapeutic dilemma could occur, since some of 
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these pathogens express intrinsic resistance against standard antibiotics used in the 
empirical treatment of CRI, such as glycopeptides. At present, no general advice 
regarding whether the device should be removed, or if and which antibiotic is needed can 
be given. 

Despite their rising importance, infections due to miscellaneous pathogens are likely 
to stay underreported, since the organisms can be easily misidentified in the laboratory. 
The lack of prolonged incubation times, specific atmospheric conditions, special media, 
and complete databases of automated microbiological identification systems are factors 
contributing to this diagnostic problem. All efforts should be made to identify unusual 
organisms isolated from blood cultures or catheter tips of patients with assumed CRI to 
the species level, in order to broaden our knowledge of the spectrum of infections caused 
by these pathogens, which at present are often regarded as contaminants. 
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INTRODUCTION 

Intravascular devices are indispensable for administration of fluids and electrolytes, 
blood products, drugs, and nutritional support. Patients frequently need a central venous 
catheter (CVC) to administer chemotherapy for malignant diseases and for total 
parenteral nutrition. In addition, intensive care units (ICU) use these devices for 
continuous hemodynamic monitoring of their critically ill patients. Most catheters are 
made of polyurethane, silicon, or rarely Teflon. A more recent development is the 
antimicrobial coating of catheters that shall prevent microbial colonization and 
subsequent infection. More than 20 million patients (over 50%) admitted to U.S. 
hospitals receive infusion therapy each year (1), and a similar figure of 63% was noted in 
a European multicenter study (2). Complications arising from intravascular access 
catheters are frequently observed and generally underestimated. Most importantly, they 
are largely preventable. Complications of intravascular devices have been known for a 
long time and were first published only two years after the introduction of plastic 
catheters in 1945 (3).  

This chapter focuses on the epidemiology, microbiology, treatment and prevention of 
infectious complications associated with CVCs. 



DEFINITIONS AND TERMINOLOGY 

The first Guidelines for Prevention of Intravascular Catheter-Related Infections was 
issued in 1981 by the Centers for Disease Control (CDC) (4), updated in 1995 (5), and in 
2002 a state-of-the art guideline was published by O’Grady et al. (6). The definitions 
used for catheter-related infections in this chapter are based on the current 2002 guideline 
(6). It is important to recognize the difference between surveillance definitions for 
primary bloodstream infections (BSI) and clinical definitions for catheter-related 
infections. While the former include the term catheter-associated BSI, which involves 
less stringent criteria, and are used for surveillance purposes such as the National 
Nosocomial Infections Surveillance System (NNIS), the latter are based on clinical and 
microbiologic diagnostic criteria and include the more specific term catheter-related BSI. 

A catheter-associated bloodstream infection (CABSI) is defined by the following: 1) 
the presence of a vascular access device that terminates at or close to the heart or one of 
the great vessels. An umbilical artery or vein catheter is considered a central line; and 2) 
a BSI that is considered to be associated with a central line “if the line was in use during 
the 48-h period before development of the BSI.” If the time interval between onset of 
infection and device use is <48hr, there must be compelling evidence that the infection is 
related to the central line. 

This surveillance definition includes all BSIs occurring in patients with CVCs in 
whom there is no evidence of infection at a distant site and is therefore inherently 
associated with an overestimation of the true incidence of catheter-related infections. 

The clinical definitions for catheter-related infections (CRI) include 1) localized 
catheter colonization (formerly classified as local CRI), defined as significant growth of 
>15 colony-forming units (CFU) obtained by semi-quantitative or roll-plate culture or 
>103 CFU by quantitative culture from a proximal or distal catheter segment, or from the 
catheter hub in the absence of accompanying clinical symptoms; 2) exit-site infection, 
defined as erythema, tenderness, induration, or purulence within 2 cm of the skin at the 
exit site of the catheter in the absence of a positive blood culture; 3) tunnel infection, 
defined as tenderness, induration, or purulence >2 cm from the catheter insertion site and 
along the subcutaneous tract along a tunneled catheter in the absence of a positive blood 
culture; 4) pocket infection defined as purulent fluid in the subcutaneous pocket of a 
totally implanted intravascular catheter with or without necrosis of the overlying skin in 
the absence of a positive blood culture; and 5) microbiologically documented catheter-
related bloodstream infection (CRBSI). The diagnosis of CRBSI requires 
microbiologically proven bacteremia or fungemia in a patient with an intravascular 
catheter, clinical manifestations of infection (i.e., fever, chills or hypotension), and no 
apparent source for the BSI except the catheter. In addition, one of the following should 
also be present: isolation of the same microorganism (i.e., identical species and 
antibiogram) from a semiquantitative [>15 CFU from catheter tip or subcutaneous 
segment (7)] or quantitative [>103 CFU/catheter segment after sonication (8)] culture of a 
catheter segment and from the blood (preferably drawn from a peripheral vein); two 
simultaneously obtained quantitative blood cultures drawn through the catheter and by 
venipuncture with a >5:1 ratio (catheter vs. peripheral); and differential time period to 
positivity of >2 hr of CVC-drawn vs. peripherally obtained blood culture as determined 
by an automated blood culture system (9,10). 
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The microbiological methods applied for the diagnosis of different features of 
catheter-related infections are described in detail in Chapter 3. In the absence of 
laboratory confirmation, defervescence after removal of an implicated catheter from a 
patient with BSI may be considered indirect evidence of CRBSI. 

SIGNS AND SYMPTOMS OF CENTRAL VENOUS CATHETER-
RELATED BLOODSTREAM INFECTION 

In contrast to peripheral catheters, central venous CRBSI rarely presents with the 
classical signs of local infection such as redness, induration, pain, and purulent discharge. 
In a study of neutropenic patients with CRBSI, Seifert and colleagues observed local 
signs of infection in only 22% of cases and mild inflammation predominated whereas 
purulent discharge was not observed (10). Clinical sepsis with no obvious source of the 
infection is the most frequent clinical clue to the diagnosis of CRBSI. The differential 
diagnosis in a patient with fever and a CVC must therefore always include CRBSI even if 
careful inspection does not reveal any clinical evidence of exit-site infection. 

Catheter-related bloodstream infection is rarely complicated by septic thrombophlebitis 
(Fig. 1) which manifests as a large inflamed area around the site of insertion, distension 
of superficial veins, and prominent venous collaterals. Continuously positive blood 
cultures after catheter removal and despite adequate antimicrobial treatment may herald 
the presence of suppurative thrombophlebitis, and if the large veins are involved local 
clinical signs are usually absent. 

EPIDEMIOLOGY 

Nosocomial BSI is the third most common type of nosocomial infection and a leading 
cause of death in critically ill patients (11). Nosocomial BSIs account for an estimated 
$6000 increase in hospital costs per infection (12) or $40,000 per survivor in an ICU 
(13), an extra week of hospital stay, and a case-fatality of more than 20% (13,14). The 
attributable mortality for bloodstream infections in surgical ICUs has been estimated to 
be 35% (13,15). For the subgroup of CRBSIs, the attributable mortality was 25%, the 
excess length of ICU stay was 6.5 days and the attributable costs almost $30,000 (16). 
The majority of hospital-acquired BSIs are associated with the use of a CVC (11). A 
recent European prevalence study on nosocomial infections underlined the importance of 
devices as risk factors for nosocomial infections (17). In the European study on 
nosocomial infections in intensive care units (EPIC) involving 10,038 patients, the 
presence of a central venous line was a statistically significant risk factor (OR 4.6, CI95 
3.1–6.8) for BSI (18). ICU patients with a CVC have a fivefold risk of developing a BSI 
compared to ICU patients without a CVC (18). The risk of CRBSI increases over time if 
expressed as number of infections per catheter (19–21), but remains remarkably stable if 
measured as incidence density (infections per 1000 catheter days) (22). To adjust for this 
potential confounder, the CDC recommends reporting nosocomial device-associated 
infections as number of infections per 1000 device-days (6). 
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Figure 1 Staphylococcus aureus 
catheter-related bloodstream infection. 
Erythema, distension of superficial 
veins, and appearance of prominent 
venous collaterals as clinical evidence 
of septic thrombophlebitis. 
(Photograph taken by T.Bregenzer, 
M.D.) 

Central venous catheters have gained widespread use in hospitals, especially in ICUs. 
Approximately 3 million CVCs are inserted annually in the United States (6), and 
200,000 in the United Kingdom (23). Catheter-related infections and in particular CRBSI 
belong to the most frequently observed complications of intravascular catheterization and 
represent 10–20% of all nosocomial infections. Of all intravascular catheters, CVCs are 
responsible for 80–90% of CRBSI (24). In the United States approximately 850,000 CRIs 
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and more than 50,000 CRBSIs occur annually (1,25). The rate of nosocomial BSI 
associated with a CVC varies considerably with hospital size, department, and type of 
catheter, and is also influenced by patient characteristics such as age, severity of illness, 
presence of burn trauma as well as by other hospital-related factors including the skills of 
the personnel responsible for catheter insertion and maintenance. Not surprisingly, large 
teaching institutions of >500 beds report higher rates of BSIs than do smaller nonteaching 
hospitals with <200 beds (11). According to the latest report from the NNIS system, 
CABSI rates ranged from 2.9 infections per 1000 catheter days in cardiothoracic ICUs to 
5.9 in medical ICUs to as high as 11.3 in neonatal ICUs (26). 

The attributable mortality of CRBSIs ranges from 14% to 28% (1,12, 13,27). Thus, in 
the United States, an estimated 7000–14,000 deaths annually may be attributable to 
CRBSIs. More recent studies showed conflicting results: while the French ICU-
bacteremia study group found an attributable mortality of 20% in critically ill patients 
with primary or catheter-related bacteremia and a median ICU excess length of ICU stay 
of 9.5 days (28), Rello and colleagues did not observe any difference in mortality among 
ICU patients with CRBSI and those without; however, the hospital stay in the former 
group was increased by 19.6 days (29). One of the reasons that may explain these 
differences could be related to the etiologic microorganisms involved: while in the 
French study only 23% of cases were due to coagulase-negative staphylococci (CoNS), 
63% of cases in the study reported by Rello et al. were caused by CoNS. 

Of interest, recent data clearly demonstrate that the incidence of CRBSIs is decreasing 
(26). Application of guidelines, improving technology with new catheters, and better 
understanding of the pathogenesis may have contributed to the success of infection 
control (30). 

PATIENTS AT INCREASED RISK FOR NOSOCOMIAL 
CATHETER-RELATED INFECTION 

Burn Patients 

After a serious burn trauma, the burned skin area is initially almost free of 
microorganisms. Therefore, a catheter can be introduced immediately after the trauma 
through a burned skin area and left in place for 2–3 days, if intravascular access sites are 
limited. Because burned skin becomes rapidly colonized by multiple, frequently Gram-
negative bacteria after this time period, these patients are at high risk to acquire CRI and 
CRBSI (31,32). A prospective study by Franceschi and colleagues demonstrated that the 
risk for CRI correlated inversely with the distance of the catheter insertion site from the 
burned wound (33). Therefore, a catheter should be placed as far distant as possible from 
the burned skin, 2–3 days after the accident. Pseudomonas aeruginosa is the most 
frequently isolated microorganism from catheters in burned patients (33–35). 

In the future, the use of coated catheters may be an option for this patient population 
(36). The International Society for Burn Injuries (ISBI) and the WHO still recommend to 
change intravascular catheters every 72 hr (37). For pediatric patients, this interval was 
extended to 7 days (38). In the authors’ opinion, this recommendation may no longer be 
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appropriate if the insertion site is remote from the burned skin area or/and a coated 
catheter is used. 

HIV-Infected Patients 

AIDS patients are considered to be at higher risk to develop CRI or CRBSI than non-
AIDS patients. Raviglione and colleagues reviewed 46 AIDS patients with Hickman 
catheters: CRI and CRBSI occurred in 23% and 10%, respectively (39). In another study, 
the catheter was the source of infection in 73% of bacteremic episodes in HIV-positive 
patients (40). Staphylococcus aureus is one of the most frequent microorganisms isolated 
from catheters of AIDS patients (39,41), probably because of the high proportion of S. 
aureus nasal carriers in this group (55%) and the hosts’ inability to control the 
infection/colonization locally (42). Infection-free survival of CVC was significantly 
prolonged with tunneled catheters compared to percutaneously placed central catheters 
(p<0.05) (43). Therefore, a tunneled or a totally implanted catheter is recommended in 
AIDS patients with diseases requiring life-long IV treatment such as cytomegalovirus 
infection. 

Total Parenteral Nutrition 

Total parenteral nutrition (TPN) differs in many ways from other modes of intravascular 
therapy: 1) catheters used for TPN are needed much longer than other catheters; 2) TPN 
solutions support the growth of microorganisms, especially Gram-negative bacteria and 
Candida spp. (44–46); 3) the underly-ing disease of the patient often increases the risk of 
acquiring nosocomial infections; and 4) frequently remote infections are present that 
expose the catheter to hematogenous seeding. The incidence of CRBSI in patients 
receiving TPN ranges from 0% to 14%, on average 3% to 5% (47–49). Common 
microorganisms encountered are CoNS, S. aureus, Candida spp., Serratia spp., and 
Enterobacter spp. (50,51). Malassezia furfur is a rare but serious infection strongly 
associated with TPN in young children (52). In such cases of suspected CRBSI, the 
clinician should advise the microbiology laboratory about the patient being on TPN. M. 
furfur requires specific supplements to grow in standard media (52–54). Catheter-related 
bloodstream infection caused by Candida spp. has been a particular problem in patients 
on TPN. These patients often receive multiple antibiotics for other infections, a factor 
that is independently associated with an increased risk for Candida infection (55). 

Catheter care is a crucial factor in TPN. Ryan and colleagues (56) related CRIs to 
violation of the infusion delivery system. Snydman et al. estimated the risk of developing 
CRI six times higher for catheters that were exposed to violations of the catheter care 
guidelines than those that were not (51). 

The optimal catheter type for short-term (<1 month) TPN is probably the single-lumen 
catheter without stopcocks (51,57). If a triple-lumen catheter is used, the distal port 
should be avoided for TPN solutions, to minimize the risk of contamination if guidewire 
exchange should become necessary. Howard and colleagues reported that patients prefer 
a totally implantable, subcutaneous infusion port for long-term TPN (>3 months) rather 
than regular central-venous lines (58). 
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Needleless and protected-needle intravascular access systems have been recommended 
for use with intravenous lines to reduce the risk of needlestick injuries in health-care 
workers. However, these devices have higher rates of CRBSI than regular devices (risk 
ratio 14.9, p<0.05), specifically for patients with TPN. These devices bear critical 
reevaluation for its use (59). They may protect the health-care worker, but at the same 
time they put the patient at increased risk for CRBSI. 

A difficult clinical task is to decide when to remove a TPN catheter for suspected 
sepsis. Quantitative cultures are appropriate, if a long-term catheter is in place. For short-
term central-venous lines, exchange to a new site or by guidewire is frequently 
recommended (60); however, in one study, over 90% of the catheters removed for 
suspected sepsis were not the source of that sepsis (47,60). Bonadimani and colleagues 
reported successful management of suspected CVC-related sepsis in patients with TPN 
by guidewire replacement of catheters even in cases with documented catheter 
colonization (50). Semiquantitative cultures of the blood taken through the catheter may 
help in deciding when to keep the line or to change it (negative predictive value 100%, 
positive predictive value 60%) (61). There is no consensus on this issue, but guidewire 
exchange seems to be a reasonable approach in the early management of septic episodes 
of patients on TPN. Antimicrobial agents should be given sequentially through the 
different ports to expose all inner lumens to high concentrations of the antimicrobial 
agent (62). 

MICROBIOLOGY 

The spectrum of microorganisms causing CRIs largely depends on the type of hospital 
care (e.g., intensive care vs. care on a regular ward), patients’ underlying condition such 
as bone marrow transplant patients or patients undergoing hemodialysis, the type of 
catheter, and many other variables (1,63–66). The distribution of pathogens also varies by 
hospital size and affiliation, e.g., teaching vs. nonteaching institution (Table 1). A shift 
toward Gram-positive bacteria and fungi was observed over the last two decades in 
nosocomial BSI (26,67) as well as in CRBSI (11,26,28,29). Coagulase-negative 
staphylococci, S. aureus, enterococci, and Candida spp. have emerged as the most 
frequent pathogens associated with intravascular catheters in the last decade 
(11,28,29,68). At the University of Iowa Hospitals and Clinics, Iowa, USA, BSI 
increased linearly from 6.7 to 18.4 per 1000 discharges (0.83 to 1.72 episodes per 1000 
patient-days) from 1980 to 1992 (r=0.87).  

Table 1 Microbiology of Short-Term Central-
Venous Catheters 

Short-term CVCs used 
in 

Most frequently isolated 
pathogens 

Other typical pathogens 

General ward Gram-positive bacteria >60% MRSA accounts for 5–30% of 
all S. aureus 

Intensive care unit Gram-negative bacteria 30–
40% 

CoNS and S. aureus ≈30% 
MRSA accounts for 10–50% of
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all S. aureus 

Immunocompromised host Coagulase-negative 
staphylococci (CoNS) 

>50% S. aureus including MRSA 
≈10% 
Gram-negative bacilli <10% 
Rare, but associated with high 
mortality: P. aeruginosa, 
Candida spp. 

Total parenteral nutrition Staphylococcus aureus >30% CoNS ≈20% Candida spp. 
≈10% 

The relative frequency is an overall estimation; the range is very broad. The spectrum of 
microorganisms causing CRIs largely depends on the type of hospital care, underlying condition, 
and many other variables (see details in chapters on CoNS, S. aureus, Gram-negative bacilli, and 
fungi). 
Source: Refs. 11, 26, 28, 29, and 74. 

Increases in infection rates were due to Gram-positive cocci (r=0.96) and yeasts (r=0.95) 
and essentially explained by infections caused by CoNS, S. aureus, enterococci, and 
Candida species, respectively (15).  

For CoNS, methicillin resistance is present in approximately 50% of European and 
80% of U.S. strains (68). The increase in S. aureus partly relates to the increase in 
methicillin-resistant S. aureus (MRSA) that adds to the number of methicillin-susceptible 
S. aureus (MSSA) (11). The rate of infections with methicillin-resistant S. aureus 
(MRSA) depends on the prevalence of this pathogen within an institution. Between 10% 
and 60% of S. aureus strains are methicillin-resistant in the United States, with rates 
being higher in ICUs than in general wards (26). The prevalence of MRSA in Europe 
increases from north (0–5%) to south (30–60%) (18,69) and differs from institution to 
institution even within a city. In 2002, a German study (70) reported that up to 20% of all 
nosocomial S. aureus infections in ICUs are now caused by MRSA, despite the fact that 
Germany had belonged to the low-prevalence countries for decades. Therefore, 
knowledge about the frequency and resistance pattern of the key pathogens is crucial for 
setting guidelines for empirical treatment of suspected CRBSI. Such information should 
be regularly updated based on the information of the local resistance patterns. Detailed 
information about the importance of individual pathogens is discussed elsewhere in this 
book. 

MICROBIOLOGICAL METHODS FOR THE DIAGNOSIS OF 
CENTRAL-VENOUS CATHETER-RELATED INFECTIONS 

The sensitivity and specificity of microbiological methods for diagnosis of CRI and 
CRBSI depend on the method used in the routine microbiology laboratory. Siegman-Igra 
and Farr calculated a pooled estimate of the sensitivity, specificity, and cost of the 
different microbiological methods (71). If the catheter has been removed, sensitivity and 
specificity were best for quantitative catheter segment cultures (94% and 92%, 
respectively). However, as there is no gold standard for the diagnosis of CRI, the results 
of this meta-analysis must be interpreted with caution. Microbiological methods requiring 
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removal of the catheter and in situ methods are recommended for short-term CVCs. 
Removal of the catheter is both a diagnostic procedure and an appropriate strategy to 
eliminate this potential source of infection if a febrile episode of unknown source is 
observed in a patient with an intravascular catheter in place. Diagnostic methods using 
the catheter tip are most accurate for such cases with either using the roll-plate technique 
(7) or sonication (8). However, reinsertion of a new catheter or even guidewire 
replacement might put the patient at risk, e.g., in patients with severe thrombocytopenia. 
A method with the catheter left in place is more suitable for the diagnosis of CRI in such 
patients (10,72,73). Examples are quantitative blood cultures taken through the catheter 
and a peripheral vein, or targeted skin cultures if the patient is on total parenteral nutrition 
(10,72,74). Many studies indicated higher sensitivity for sonication than for the roll-plate 
technique (75,76). However, Widmer and Frei recently challenged these results (77). The 
roll-plate technique possibly excels sonication if the catheter tip is in place <10 days, 
whereas sonication is probably more appropriate for tips that were in place >10 days. The 
different microbiological methods are discussed in detail in Chapter 3. For long-term 
catheters, time to positivity with an automated blood culture system may be the optimal 
diagnostic technique (9,10,78). However, blood cultures must arrive at the microbiology 
laboratory within hours after taking the blood including nights and weekends to correctly 
identify the different growth rates resulting in different times to positivity of samples 
obtained through the catheter and by peripheral venipuncture (9,10). 

CATHETER MATERIALS 

Catheter Composition 

Most catheters used in the United States are made of polyurethane, polyvinyl chloride 
(PVC), polyethylene, or silicone. As for peripheral catheters, silicone catheters are 
associated with a lower risk of infection than PVC catheters (79). Therefore, PVC 
catheters are rarely used today. A hydrophilic surface was achieved by introducing 
hydroxyethylmethacrylate into polyurethane catheters. These hydrophilic surfaces 
reduced the in vitro adhesion of Staphylococcus epidermidis compared to hydrophobic 
polyurethane catheters (80). However, lacking randomized controlled clinical trials, 
definite conclusions about the contribution of catheter material to CVC-related infection 
cannot be drawn. 

Surface-Modified Catheters and Cuffs 

Microorganisms can adhere to any implanted device. Once adhered and embedded in a 
biofilm, they become in vivo resistant to most antimicrobial agents even if standard 
susceptibility testing reveals high sensitivity (81). The mode of growth, the influence of 
bacterial products such as exopolysaccharides from CoNS, and the different susceptibility 
of planktonic vs. adherent microorganisms partly explain why microorganisms may 
become resistant in the presence of a foreign body (81–83). In animal models, several 
investigators succeeded to reduce bacterial adherence by coating the catheters with 
antimicrobials or antiseptics (84,85). Colonization of the skin at the insertion site is a 
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well-recognized risk factor for the development of CRI and CRBSI (72). In addition, 
bacteria on the exit sites of percutaneous catheters can migrate rapidly from the entry site 
into the dermal tunnel along the external catheter surface, perhaps suspended in a fluid 
film and propelled by capillary action (86). Therefore research was started on cuffs 
hindering bacteria to move along the catheter from the surface to the intradermal part of 
the catheter. In addition, polymers with antiadherence properties were developed, 
followed by impregnated catheters. 

Cuffs 

A cuff acts as a tissue-interface barrier. A commercially available example is a 
biodegradable collagen cuff impregnated with silver ions (VitaCuff™) attached to a 
catheter just prior to insertion. Multiple prospective, randomized clinical trials have 
shown the use of Cuffs to lower the risk of CRI and CRBSI more than threefold 
compared to noncuffed catheters (19,20,87). However, their efficacy wanes after 2 weeks 
of catheterization (87), and more recent studies (88,89) could not demonstrate an 
influence of the cuff on the incidence of CRBSI. The cuff does not prevent intraluminal 
transmission of pathogens from contaminated hubs or infusates because the cuff is on the 
outside of the catheter. The importance of the hub as source of infection increases with 
the length of catheter dwelling time. Therefore, the protection provided by the cuff wanes 
over time due to loss of silver ions and increasing importance of the intraluminal 
pathway. Today, cuffs are rarely used. 

Antimicrobially Coated Catheters 

The advantages and shortcomings of antimicrobial catheters to prevent CRI and CRBSI 
are discussed in detail in Chapter 5. 

In animal studies, catheters coated with an antiseptic, antimicrobial agent (84,90) or 
even with nonsteroidal anti-inflammatory agents (91) reduced the bacterial colonization 
of the catheter. Chlorhexidine-coated catheters decreased biofilm formation and bacterial 
adherence on catheters (90). Benzalkonium chloride also lowers the degree of bacterial 
colonization in vitro (80). In elegant animal studies performed by Sherertz et al., coating 
of catheters with dicloxacillin, clindamycin, and fusidic acid decreased the risk of 
infection compared with uncoated control catheters (p<0.05) (85). 

Most Swan-Ganz pulmonary artery catheters used in the United States are heparin-
bonded to maintain patency and coated with benzalkonium chloride which also provides 
short-term, but broad-spectrum antimicrobial activity (92). In a study by Kamal et al., 
CVCs pretreated with a cationic surfactant and the antibiotic cefazolin lowered the rate of 
CRI from 14% to 8% in a surgical ICU (p<0.004) (93); however, the catheter must be 
coated immediately before use which is time-consuming and needs special training. 

The two most extensively studied antimicrobial catheters to date which are also in 
clinical use as CVCs in the United States and elsewhere are catheters containing 
chlorhexidine and silver sulfadiazine (CHSS) (Arrowgard Blue™ and Arrowgard Plus™, 
Arrow International, USA) and a catheter containing minocycline and rifampin (MR) 
(Cook Spectrum™, Cook Critical Care, USA). Most of the clinical studies on 
antimicrobial catheters so far have dealt with these two catheter types, the majority of 
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them with the CHSS catheter and have revealed a trend toward lowering the incidence of 
CRBSI. In a meta-analysis by Veenstra et al. (94) it was shown that the use of the CHSS 
catheter in short-term catheterization reduced the risk for CRBSI approximately by one-
half. With the MR catheter, two important studies have shown a benefit in reducing the 
incidence of CRBSI (36,95). A clinical study with 234 patients, randomized to receive a 
triple-lumen catheter precoated with rifampin-minocycline or without precoating, showed 
that none of the patients with a precoated catheter had CRBSI compared to seven in the 
control group (p=0.01) (36). Significantly less infectious complications were observed 
with the MR-coated catheter directly than with the CHSS catheter (95). The better 
performance of the MR catheter might have resulted from the fact that in contrast to the 
CHSS catheter, the MR catheter is coated on both the internal and the external surface 
(96), and a longer-lasting surface activity of the antibiotic MR combination in 
comparison to CHSS has been observed (96a). However, the second generation of CHSS 
catheters also contains an external and internal coating, and a higher concentration of 
chlorhexidine (Arrowgard Blue Plus™). Clinical studies with this new catheter are 
needed before a superiority of the MR catheter over CHSS catheters can be assumed. 

The cost-effectiveness of such impregnated catheters has been deduced for both types 
of catheters (97,98). In the current U.S. guideline on the prevention of intravascular CRI 
(6), the use of an antimicrobial or antiseptic-impregnated catheter is emphasized in adults 
“whose catheter is expected to remain in place more than 5 days if, after implementing a 
comprehensive strategy to reduce rates of CRBSI, the CRBSI rate remains above the goal 
set by the individual institution based on benchmark rates.” A similar recommendation is 
given in the British guideline (99), whereas the use of antimicrobial catheters is an 
unresolved issue in the current German guideline (100). 

The emergence of pathogens resistant to minocycline and/or rifampin is a cause of 
concern that is discussed in detail in Chapter 5. 

THERAPY OF INFECTIONS 

Suspected Catheter-Related Infection or Catheter-Related 
Bloodstream Infection 

Clinicians are often faced with an acute febrile episode with an unknown source of 
infection rather than a known catheter-related infectious complication. Removal of the 
catheter is recommended if little risks associated with a new insertion, such as bleeding 
or pneumothorax, is anticipated for the patient. In >70% of such episodes, fever has been 
traced down to a different source, and the catheter has thus been unnecessarily replaced 
(56,60). In addition, CRIs due to CoNS can be successfully treated with antibiotics 
without removal of the device (101). Therefore a British guideline recommends obtaining 
culture results from exit-site swabs and blood cultures drawn from the CVC and a 
separate peripheral venipuncture before catheter removal is considered (102). However, 
this procedure requires quantitative blood cultures, a test rarely available routinely in the 
clinical microbiology laboratory. In addition, failure to remove the catheter puts the 
patient at high risk for sustained bacteremia, septic thrombosis, and endocarditis (103–
105). Serious complications have been reported after an episode of CRBSI with S. aureus 
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or fungi: 25% of patients with S. aureus CRBSI develop complications and 68% of 
patients with fungal CRBSI have persistent fungemia (104,106,107). The crude mortality 
is reported to be 16% for S. aureus and 52% for fungal CRBSI (104,106). Given the 
possibility of severe complications, it is wise to replace a short-term CVC if clinically 
possible. Hematology-oncology units may follow a less strict policy because CoNS are 
the most common pathogens and allow antimicrobial treatment with the catheter left in 
situ with very little risk for the patient. In these patients, blood culture results with 
determination of the differential time to positivity (DTP, see above) may help identify the 
catheter as the source of infection, and may thus guide clinical management with regard 
to catheter removal or antibiotic lock therapy (10). It must be kept in mind, however, that 
recurrent bacteremia occurs in 20% even with CoNS if the catheter is not removed (101). 
In summary, removal of the catheter should always be attempted for short-term CVCs 
unless a high risk is associated with the exchange, and CRI or CRBSI is less likely. 
Guidewire exchange is not recommended if there is purulence at the insertion site, or CRI 
or CRBSI is highly probable. 

The empirical antimicrobial regimen for CRBSI depends on the resistance pattern of 
the most frequent pathogens of the institution. In institutions with a high prevalence of 
MRSA (e.g., >10%), a combination of a glyco peptide such as vancomycin in 
combination with an aminoglycoside or a quinolone is appropriate against the bacterial 
pathogens likely to be encountered with an infected catheter. 

Treatment of Established Infections 

Antimicrobial treatment depends on the microorganism(s) isolated from the catheter tip 
or with other culture techniques. In most instances, removal of the device and 
antimicrobial treatment for 7–14 days is appropriate for shortterm central-venous lines. 
Persistent bacteremia may indicate septic thrombosis and should prompt immediate 
diagnostic procedures. Removal of short-term catheters is often useful for both diagnosis 
and therapy. For long-dwelling catheters, removal is often more difficult and more 
expensive, but is still indicated in certain situations. Initial severity of illness and the 
microbial etiology help to determine whether the long-term catheter must be removed. 
For mild to moderate cases, an attempt to treat and salvage the catheter is often chosen; 
for such therapy a combination of 2 weeks of parenteral therapy combined with antibiotic 
lock therapy (see below) has been recommended for patients with no evidence of 
complications such as endocarditis that would indicate the use of a longer duration of 
parenteral therapy (108). If the infection is due to fungi, the probability of salvage is 
significantly lower and death significantly higher if the catheter is left in place (109,110). 
So salvage has not been recommended for fungal infections (108). Staphylococcus aureus 
has been associated with significantly worse outcomes in some (111) but not all studies. 
For example, in one study of hemodialysis catheter-related bloodstream infections, all of 
the 12 patients with S. aureus CRBSI were cured and their catheters salvaged using 
parenteral and antibiotic lock therapy (112). In another study of hemodialysis catheter-
related S. aureus BSI, none of the 50 patients died of the infection (113). Such data 
suggest that initial severity of illness may be used to determine whether catheter salvage 
should be attempted with this pathogen. A small study suggested that after a brief period 
of parenteral therapy antibiotic lock therapy was as effective as antibiotic lock therapy 
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plus continued parenteral therapy for curing CRBSI and salvaging the infected catheter 
(114). More studies are needed to confirm the safety and efficacy of this approach, which 
the authors suggest could significantly lower antimicrobial pressure in the hospital 
setting. Another recent article showed that the concentration of heparin used for 
combination with an antimicrobial in antibiotic-lock therapy was important because 
lower heparin concentrations (e.g., <1000 U/mL) were associated with precipitation 
whereas higher heparin concentrations (e.g., 3500–10,000 U/mL) were not (115). A 
proposal for the clinical approach to patients presenting with suspected CRBSI is given in 
Fig. 2. 

Coagulase-Negative Staphylococci 

Coagulase-negative staphylococci are the most frequently involved pathogens in CRBSI. 
Most infections with long-term catheters can be treated without removal of the device 
(62,74). This also appears to be true for short-term CVCs. However, Raad et al., 
investigating 70 cases of CRBSI caused by CoNS, observed recurrent bacteremia in 20% 
of patients when the catheter was not removed (101), whereas 80% were successfully 
treated keeping the catheter in place. In addition, mortality was not influenced by 
treatment with or without catheter removal (p>0.1). Therefore, the only risk with this 
kind of management is recurrent bacteremia without serious complications that would 
make catheter removal mandatory. 

A glycopeptide such as vancomycin or teicoplanin is the treatment of choice because 
most CoNS are methicillin-resistant (68). However, an antistaphylococcal penicillin such 
as flucloxacillin should be used, if antimicrobial susceptibility testing reveals 
susceptibility. Coagulase-negative staphylococci adhere to plastic surfaces and become 
embedded in a biofilm layer that provides a measure of protection from antibacterial 
agents (116). Failure of glycopeptide antibiotics to cure device-related infection is not 
due to poor penetration of drugs into biofilm but likely due to a diminished antimicrobial 
effect on the bacteria in the biofilm environment (117). 
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Figure 2 Proposal for the management 
of febrile episodes in patients with 
suspected catheter-related infection of 
catheter-related bloodstream infection. 

Rifampin is highly efficacious against adherent CoNS, and antibiotic combinations with 
rifampin are much more effective against orthopedic implant-related infections than those 
without rifampin (81,82). However, little data are available for infections involving 
intravascular catheters. Minocycline and rifampin have been used to cover the plastic 
surface of the catheter (coated catheters) resulting in a significant reduction of CRBSI 
episodes (36). Antimicrobial treatment should last 5–7 days if the catheter is removed. If 
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the catheter is not removed, treatment should be extended to ≥14 days. However, the 
optimal duration of treatment is not well established. 

Alternatively, the antibiotic lock technique for long-term catheters probably kills even 
adherent CoNS by its high intraluminal concentration that is well above peak levels in 
blood. 

Staphylococcus aureus 

S. aureus CRBSI frequently ends in septic complications. Twenty-five percent of patients 
experiencing an episode of S. aureus CRBSI develop complications, and one in seven 
will die (106). Raad and Sabbagh recommended 10 days of antibiotic therapy for 
uncomplicated cases (105), but this duration has been questioned by others (118). 
Uncomplicated cases were defined as those who became afebrile within ≤3 days of 
therapy and have negative blood cultures documented. Fourteen days of antimicrobial 
therapy appear to suffice for uncomplicated cases and have been recommended by the 
recent Infectious Diseases Society of America (IDSA) guidelines for the management of 
intravascular CRI (1,108). Complicated cases, e.g., those with septic metastasis, require 
antimicrobial treatment of 4–6 weeks (119). 

A recent study found that 16 (23%) of 69 patients with S. aureus CRBSI developed 
endocarditis detected by transesophageal echocardiography (TEE); the same study found 
that transthoracic echocardiography (TTE) detected only 27% of those considered to have 
endocarditis (120). A recent guideline, therefore, suggested that TEE be performed when 
available and not contraindicated to exclude endocarditis before deciding to give just 14 
days of parenteral therapy (108). Another study that did not use TEE on patients with 
uncomplicated S. aureus BSI found that none of 62 patients treated for 10–14 days 
relapsed or developed endocarditis, however. The authors concluded that clinical criteria 
were sufficient to detect complications such as endocarditis and that subclinical 
endocarditis may be cured by 10–14 days of high-dose parenteral therapy (121). 

Vancomycin has been the drug of choice for serious MRSA infection, but the outcome 
of MRSA infections has generally been worse than for MSSA infection even when 
adjusted for severity of underlying illness (122,123). Part of this worse outcome likely 
relates to an increased frequency of initially receiving a drug inactive against the 
infection, but another part may be due to suboptimal results with vancomycin therapy as 
compared with beta-lactam therapy for MSSA infections. Recent studies have suggested 
that linezolid may also provide better results than vancomycin, at least when used to treat 
MRSA pneumonia (124). 

Gram-Negative Rods 

Gram-negative rods can be treated with a short course of appropriate antibiotics, unless 
there is evidence for P. aeruginosa CRBSI. P. aeruginosa BSIs have a higher mortality 
than those with other bacteria (125), and treatment should include an antipseudomonal β-
lactam and an aminoglycoside, pref-erably tobramycin (126). A promising alternative 
against P. aeruginosa CRBSI is the combination of high-dose ciprofloxacin and 
piperacillintazobactam (127). However, only limited clinical data are available as for 
meropenem which may be another option. 
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There are no randomized clinical trials to determine the optimal duration of therapy. 
Uncomplicated cases respond to a 7–10-day course of appropriate antibiotics, if the 
catheter is removed (6). 

Candida spp. and Moulds 

Candida spp. are isolated from episodes of CRBSI in up to 20% (26,28). In cancer 
patients, overall mortality after an episode of fungal CRBSI may exceed 50% (55). In 
patients not having received prior fluconazole as a prophylactic or therapeutic agent, 
fluconazole is appropriate for Candida CRBSI pending definite species identification 
and/or susceptibility testing. Fluconazole remains the therapy of choice for C. albicans as 
well as for most other nonalbicans Candida spp. Candida spp. less susceptible or 
resistant to fluconazole such as C. glabrata and C. krusei have emerged as more frequent 
causes of infection in recent years, mainly after a previous course of fluconazole for 
prophylaxis or treatment in immunocompromised patients (128). However, these 
pathogens were recently observed also without previous exposure to fluconazole (129). 
Therefore the microbiology laboratory should always identify yeasts to species level to 
guide appropriate treatment. If a patient had been receiving fluconazole prophylaxis or if 
C. glabrata and C. krusei have been identified, caspofungin may be administered pending 
susceptibility results. This agent is only available for intravenous therapy. Voriconazole, 
approved for treatment of aspergillus infection, is a reasonable alternative and is available 
for parenteral and oral therapy. Both agents are very expensive and should only be 
considered if the pretest probability is high for a nonalbicans Candida spp. 

Bloodstream infections involving Candida spp. always require a change of catheter, 
because higher mortality and prolonged fungemia have been observed if the catheter 
remains in place (104,130,131). For molds, amphotericin B, voriconazole, or caspofungin 
is the preferred agent: amphotericin, if not applied in a liposomal formulation, is the least 
expensive drug, but also the drug with the most frequent and serious side effects. 

Antibiotic Lock 

As mentioned above, bacteria adhere to surfaces of catheters rendering them resistant to 
usual concentration of antibiotics. Therefore several groups studied the impact of 
antimicrobial agents that are given into the lumen of the catheter for treatment of low-
grade CRIs and CRBSIs. A vancomycin “lock” has been most frequently used in 
combination with systemic therapy (108). A promising, but not well-documented, new 
option is the antibiotic lock with ethanol (132). A more detailed discussion of antibiotic 
lock therapy is included in Chapter 4. 

PREVENTION STRATEGIES 

An overview of the different strategies to prevent CRI and CRBSI is given in Chapter 5 
“Prevention and Control of Catheter-Related Infections.” The most important preventive 
measures applied specifically for short-term CVCs are summarized below. 
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Surveillance for Catheter-Associated Bloodstream Infection and 
Catheter-Related Bloodstream Infection 

Catheter-related bloodstream infections are largely preventable and are therefore part of 
most surveillance systems for infection control. Patients, hospitals, resources, and 
equipment differ from hospital to hospital and from country to country. Therefore, 
guidelines and recommendations must be adjusted to the local setting. Simple 
surveillance data can help to optimize resources for prevention. The surveillance 
definition (6) of CABSI facilitates simple surveillance on a local level and data are 
expressed as number of BSIs per 1000 catheter days. The minimum data required are 
therefore the total number of CVC days and the number of BSIs. The number of patient-
days may be a surrogate, if CVC days are unavailable. Surveillance should focus on high-
risk areas such as ICUs, if resources are limited. 

Recently, a German report by Zuschneid et al. (133) on infection rates in ICUs 
participating in the German system for surveillance of nosocomial infections (KISS) 
showed a decrease in primary BSIs from 2.1 to 1.5 per 1000 CVC days, corresponding to 
an overall relative reduction of 28.6% during a 2-year observational period among a total 
of 84 ICUs. Although specific reasons for this reduction are difficult to determine, 
besides new research findings, improved guidelines, intensified education of medical 
personnel, and introduction of specific prevention measures, it has been assumed that a 
modification of behavior under surveillance is at least partially responsible for the 
decrease in infection rates (Hawthorne effect). 

Optimal Site of Insertion 

Central venous catheters can be inserted from a peripheral vein [e.g., midline catheters, 
peripherally inserted central catheters (PICC)] or directly into a large vein (subclavian, 
jugular, axilla, femoral access). The jugular access is associated with a statistically 
significant increased risk of infection compared to subclavian vein insertion (21,134–
137). These studies report an average colonization rate of CVCs inserted into the jugular 
vein of 27% compared to 4% in CVCs inserted into the subclavian vein (p<0.05). The 
differences may be due to increased colonization by respiratory pathogens at the internal 
jugular insertion site (138), the difficulty of fixation, the mechanical stress caused by 
head movements, and insufficient adherence of catheter dressings. This long-term 
complication must be weighed against the noninfectious risks at the time of insertion 
such as pneumothorax and severe bleeding by inadvertent puncture of the subclavian 
artery. The subclavian catheter is easier to keep dry and clean; both factors are associated 
with a lower risk of infection. For patients undergoing elective surgery such as coronary 
bypass surgery, the jugular access is probably the better choice because short-time 
catheterization is anticipated (<3–7 days), and acute complication rates during insertion 
are of concern. For prolonged catheterization, infectious complications probably 
outweigh those associated with insertion. Therefore, the subclavian access may be 
preferable for medical ICU patients who require prolonged catheterization. The femoral 
access is another option, but associated with higher rates of complications; therefore, 
tunneling of such catheters is an option (139). Noninfectious risks should also be 
considered when choosing the femoral access. In a randomized clinical trial, deep vein 
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thrombosis occurred in 25% after femoral catheterization compared to 0% in the 
jugular/subclavian group (140). 

Barrier Precautions 

Full barrier precautions including the use of mask, cap, sterile gloves, gown, and large 
sterile drape have been shown to significantly reduce the risk of CRI and CRBSI 
(66,135). Strict asepsis at the time of insertion is a crucial step for effective infection 
control. It is unknown if mask and cap are mandatory, but they might provide an 
additional level of safety. The environment where the catheter is inserted does not play a 
major role: two randomized studies could not demonstrate a difference in the infection 
rate between the study group (insertion in the operating theater) and the control group 
(insertion in wards) (66,135). 

Disinfection of the Skin 

Cutaneous antisepsis of the insertion site is regarded as one of the most important 
measures for preventing CRI and CRBSI (6). However, the optimal disinfectant to use for 
catheter insertion sites is still a matter of debate. The use of highly concentrated acetone 
for defatting the catheter insertion site is unwarranted (141). In 1981, Maki and Band 
demonstrated that an ointment containing polymyxin, neomycin, and bacitracin reduced 
the rate of CRI from 6.5% to 2.2% (142); however, three Candida infections including 
one case of candidemia occurred in this treatment arm. In addition, topical ointments do 
not have to be sterile under the pharmacopeia’s requirement, and a large outbreak of 
fungal infections was caused by a contaminated topical ointment (143). Maki et al. 
prospectively tested three different disinfectants, alcohol, povidone-iodine, and 
chlorhexidine, to evaluate their efficacy in reducing CRI and CRBSI (144). Alcohol and 
povidone-iodine had clearly higher associated rates of CRI and CRBSI than 
chlorhexidine, 7.1% and 9.3% vs. 2.3%, respectively (p<0.02); however, the differences 
were only seen in CRBSI due to CoNS, and only by pooling of the data. Daily application 
of povidone-iodine did not reduce colonization of central-venous lines in another large 
study (137). A hand-washing system using chlorhexidine at the University of Iowa 
reduced the rate of nosocomial infections significantly compared to one using alcohol 
(145), supporting the preference for chlorhexidine. However, in a randomized clinical 
trial addressing the effectiveness of alcohol vs. chlorhexidine for surgical scrub, alcohol 
was significantly more efficacious than chlorhexidine (146). Alcoholic preparations are 
most suitable because of their rapid action (within 30 sec), broad spectrum, and minimal 
side-effects. However, there is no residual effect after evaporation of the alcohol. 
Therefore, chlorhexidine or povidone-iodine might be added to extend the antimicrobial 
effect (remanent effect). Unfortunately, there are no commercially available preparations 
of alcoholic chlorhexidine approved for use at intravenous catheter insertion sites in the 
United States. Disinfectants without alcohol need 3–5 min for microbial killing, a waiting 
time frequently not respected in a busy hospital. 
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Catheter Dressings 

In the early 1980s, transparent dressings were frequently used to allow convenient visual 
inspection of the insertion site without prior removal of the dressing. Furthermore, only 
weekly changes were considered to be necessary, saving nursing time and dressing 
supply. A well-designed randomized, prospective study showed a higher risk for CRI 
with the transparent dressing than with gauze (RR 2.6) (147). Other studies that included 
mainly patients on total parenteral nutrition did not confirm these results (148–151). 
However, moisture under the dressing increased the risk for CRI (RR>3), a factor that 
was more frequently seen in the transparent dressing group (148). A meta-analysis found 
that transparent dressings led to a threefold increased risk for CRBSI compared with 
gauze dressings (152). Four independent studies demonstrated higher bacterial counts 
under transparent dressings than under gauze (21,147,152,153). Other studies, however, 
found no significant differences (148,149,154). Today, the new highly permeable 
transparent dressings are not associated with higher rates of CRI or CRBSI (64), even if 
they are still associated with higher levels of microbial colonization. A replacement of the 
dressing is necessary if it is has become damp, loosened, or soiled (6). Especially for 
short-term CVCs (including hemodialysis and pulmonary artery catheters), gauze 
dressings should be replaced every 2 days and transparent dressings at least every 7 days, 
whereas dressings used on implanted or tunneled CVC sites should be replaced no more 
than once a week. However, daily inspection of the insertion site is crucial to detect early 
local signs of CRI. 

Routine Exchange of Central-Venous Catheters 

The recent literature supports the idea of not routinely changing CVCs (Fig. 2) (34,155–
157). No recommendations for a routine exchange are given by the current U.S. guideline 
for prevention of intravascular device-related infections (6); however, catheters inserted 
in emergency situations should be replaced as soon as possible, e.g., within 24–48 hr. 

The risk for CRI or CRBSI increases linearly with the duration the catheter remains in 
place (21,157). Noninfectious complications are more frequent with routine change than 
with a policy to keep the line as long as clinically indicated (156). However, a policy 
including routine changes always lets physicians reconsider the indication for continuous 
central-venous access. This regular check will not work with a policy of keeping the line 
as long as clinically indicated. Therefore, it is important to train the staff to strictly limit 
the time of catheterization because each additional day of catheterization puts the patient 
at increased risk for CRI and CRBSI (158). 

Guidewire Exchange vs. New Puncture 

Guidewire exchange is the preferred method to change a pulmonary artery catheter to a 
CVC or to replace a malfunctioning catheter (6). The risk of infection after guidewire 
exchange is not yet established. One large randomized clinical trial showed an increased 
risk (155), whereas other studies did not support this finding (22,159–161). For patients 
on total parenteral nutrition, Bonadimani and colleagues reported successful catheter 
guidewire replacement for suspected CVC-related sepsis even in cases with documented 
catheter colonization (50). Other authors do not support guidewire exchange for febrile 

Central-venous catheters     273



patients with suspected CRI or CRBSI (1,60). The current U.S. guideline for prevention 
of intravascular device-related infections (6) allows for guidewire exchange for suspected 
CRI only in the absence of local signs of infection such as inflammation and purulent 
discharge. Another exchange to a new site becomes necessary, if the culture result of the 
removed catheter indicates significant catheter colonization. Therefore, the clinician must 
weigh the risks for complications associated with the procedure against the risks of 
recurrent infection. 

Intravenous Therapy Teams 

Prospective studies demonstrated a significantly higher incidence rate of phlebitis among 
catheters inserted and maintained by floor staff than among those devices inserted and/or 
maintained by a specifically appointed IV therapy team (162,163). In addition, these 
catheter teams have also been shown to be highly cost-effective (48,163). A randomized 
controlled trial has been performed with peripheral catheters only (163). The rate of 
phlebitis was 1% in the staff-inserted group and 0.2% in the team-inserted group. 
However, as mentioned above, catheter material and catheter care have changed over 
time, and findings from older studies may not necessarily apply for today’s conditions. 
As pointed out by Puntis and colleagues, staff training is a key factor in reducing 
catheter-related infections (158). It is conceivable that professional teams are less likely 
to inadvertently contaminate the catheter than nurses on the ward without specific 
training. However, most CVCs are inserted in ICUs where all health-care workers should 
have appropriate training in catheter care. 

Antimicrobial Prophylaxis 

Several studies indicated that systemic antimicrobial prophylaxis at the time of insertion 
of long-term catheters reduced the risk for CRBSI (164–167). However, two randomized 
trials failed to show a benefit from antimicrobial prophylaxis (168,169). Recently, a 
systematic review of the prophylactic use of antibiotics prior to the insertion of tunneled 
long-term CVCs revealed that the prophylactic use of vancomycin/teicoplanin decreased 
the number of Gram-positive infections (170). This issue remains controversial for long-
term catheters, but it is currently not recommended for short-term CVCs. Some data 
indicate that prophylaxis may be warranted in neonates weighing <1000 g or in patients 
undergoing bone marrow transplantation (171). However, increased prophylactic use of 
glycopeptides may be associated with the emergence of vancomycin-resistant 
enterococci. 

SUMMARY 

Diagnosis of CRI and CRBSI remains difficult. Clinical signs of infection are frequently 
absent making the laboratory diagnosis very important. However, the optimal 
microbiological method to confirm a clinical diagnosis of CRI or CRBSI is still 
controversial. Removal of the catheter, quantitative culture of the catheter segment, and 
empirical antimicrobial treatment are recommended for episodes of suspected BSI related 
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to short-term catheters. As an exception, most episodes due to CoNS can be treated with 
antimicrobial agents without catheter removal. Many different approaches are necessary 
for the prevention of these serious nosocomial infections. In the future, commercially 
available, coated catheters may help to further reduce the incidence of CRI and CRBSI; 
however, despite numerous studies their role still remains to be defined. The current CDC 
guideline as well as other national guidelines for the prevention of intravascular catheter-
related infections may help to adapt the current science to hospital practice (6). However, 
much remains to be learned about the pathogenesis, prevention, and treatment of CRI and 
CRBSI. 
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INTRODUCTION 

Intravascular cannulae are among the most commonly used devices in the delivery of 
modern healthcare. It has been estimated that 150 million intravascular devices are 
purchased by hospitals and clinics each year in the United States (1). The overwhelming 
majority of these cannulae are peripheral venous catheters (PVC) and needles. 
Approximately 25 million patients per year in the United States receive infusion therapy 
through peripheral intravenous cannulae (2). Phlebitis or inflammation at the site of 
vessel cannulation commonly occurs, ranging from 15 to 70% in adults (2–6), and 10 to 
13% in children (7,8). However, the great majority of instances of phlebitis are aseptic 
(not related to infection), and the phenomenon appears most closely related to the 
physicochemical characteristics of the materials from which catheters are constructed and 
the type of infusate administered through the catheters (2–8). Few PVCs removed from 
patients with phlebitis are found to be colonized on semiquantitative culture (2,4,7,9–12). 

Because inflammation at the catheter site raises the suspicion of infection, because 
infection cannot be ruled out without removal and culture of the catheter, and because 
there is a statistically significant relationship between phlebitis and catheter-related 
infection (2), aseptic phlebitis will be discussed as well as catheter-related colonization 
and infection. 

PATHOGENESIS OF PERIPHERAL VENOUS CATHETER-
RELATED PHLEBITIS, COLONIZATION, AND INFECTION 

Phlebitis 

The pathogenesis of phlebitis is related to the effects of various physical and chemical 
factors on the cannulated blood vessel. 

Physical Factors 

Physical factors related to the development of aseptic phlebitis include cannula 
composition, cannula length, cannula bore, distortion of the cannula tip, anatomical 
location of the cannula tip, trauma at venipuncture, rate of flow of infusate, duration of 



cannulation, and manipulation of the cannula in situ (2,5–8,10,11,13–19). The effect of 
catheter composition is related to both the direct irritant effect of the material used 
(polyvinyl chloride and polyethylene are more irritating than Teflon and polyurethane) 
and stiffness of the catheter (the relatively stiffer Teflon cannula is more irritating than 
the more flexible silicone catheter) (6,11,13,14). 

While certain plastics are less likely than others to cause phlebitis, the surface 
characteristics and etching of the catheter surface during the manufacturing process are 
probably more important than the type of plastic (6,15). Longer cannulas are more often 
associated with thrombophlebitis than shorter catheters, perhaps due to the greater 
difficulty of insertion of longer catheters, resulting in more trauma (16). Large bore 
catheters are more often associated with phlebitis than small bore catheters, probably due 
to the decreased blood flow around large bore catheters, particularly when they are 
inserted into small veins (6). Distortion or damage to the catheter tip has been shown to 
be significantly related to phlebitis (Fig. 1) (5). Cannulae inserted in the dorsum of the 
hand, the wrist, the lower extremities, or over the joints without joint immobilization 
have been associated with phlebitis (2,6), but studies attempting to relate location of 
cannula insertion in the upper extremity to phlebitis have yielded inconsistent results 
(13). Trauma at the time of insertion has been associated with phlebitis. Thus, phlebitis 
may be more likely to occur when cannulae are inserted as a sheath around the 
venipuncture needle than when cannulae are inserted through a needle (17). The rate of 
flow of infusates may be important with slower infusion rates, particularly with more 
irritant solutions, leading to more irritation of the vein (18). The duration of cannulation 
is an established risk factor for development of phlebitis in both adults and children (2,6–
8,16–18). However, the duration of cannulation is less important in children, and 
catheters may be left in place up to 144 hours without much risk of phlebitis (8). 
Manipulation of the cannula in situ by more frequent dressing changes (daily versus 
every other day) has been found to be significantly related to the development of phlebitis 
(10). 
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Figure 1 Photomicrographs showing 
damage to the tips of Vialon and 
Teflon catheters. The Vialon catheter 
is shown on the left and the Teflon 
catheter on the right of each panel. The 
top two panels show damage gradings 
of 0 and 1 and the lower two panels 
show damage gradings of 2 and 3. 
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Chemical Factors 

Several chemical factors predispose to the development of phlebitis, including pH and 
osmolarity of the infusate, inherent irritating properties of certain infusates, and 
particulate matter in the infusate. 

Low pH of infusates is associated with phlebitis (6,13,17,19–22). Thus, glucose 
solutions have a pH of 3.4 to 5 to prevent caramelization during autoclaving, and it has 
been shown that neutralization of the acidic pH of glucose solutions results in reduced 
rates of phlebitis (19–21). Solutions with high osmolarity (greater than 600 mOsm/L) are 
also associated with phlebitis (23). Certain chemicals in infusates are inherently irritating 
to venous endothelium, including benzodiazepines, barbiturates, and other anesthetic 
agents, and cephalosporin antibiotics (13). Other antibiotics that may cause phlebitis 
when given intravenously are vancomycin, metronidazole, erythromycin, and 
amphotericin B. Particulate matter (extraneous, mobile, undissolved substances), 
including rubber, chemicals, glass, cellulose fibers, and fungi, may be present in 
parenteral solutions (13). Particulates may irritate the venous endothelium and cause 
inflammation. That particulates may induce phlebitis is supported by two randomized 
controlled studies of in-line filtration of parenteral fluids, which showed either that in-
line filtration prolonged the phlebitis-free survival of infusions (24) or reduced the perday 
incidence of phlebitis with a significant reduction on day three (p<0.001) (25). However, 
not all studies of in-line filtration have demonstrated a protective effect against phlebitis 
(26). 

Plastic Catheters Versus Steel Needles 

Steel needles have frequently been used as the cannula of first choice for short-term 
infusions due to the belief that they present a lower risk of phlebitis and infection. In the 
only randomized clinical trial of steel needles versus a plastic (Teflon) catheter by Tully 
and colleagues, there was no significant difference between the two types of cannula with 
respect to colonization/infection (27). However, phlebitis was significantly more likely to 
occur with Teflon catheters and infiltration significantly more likely to occur with steel 
needles. In a study of the complications of steel needles used for infusion therapy in 
patients with hematological malignancy, Band and Maki noted higher rates of aseptic 
phlebitis with steel needles than Tully and colleagues (33.8 versus 8.8%) and higher rates 
of catheter-related infection (5.4 versus 1.5%) and catheter-related bacteremia (2.1 versus 
0%) (28). Thus, steel needles may pose a higher risk of infectious and noninfectious 
complications in patients with underlying malignancies. 

Catheter-Related Colonization and Infection 

Microbial Adherence 

Microorganisms may cause cannula-related infection by migrating into the subcutaneous 
catheter tract, by entering the lumen of the cannula after catheter hub contamination, or 
by colonizing (seeding) the cannula hematogenously with microorganisms from some 
other site in the body. However, one of the most important factors determining whether a 
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microorganism can cause catheter colonization or catheter-related infection is its ability 
to adhere to catheter surfaces. 

The degree of adherence of microorganisms to catheters is determined by the materials 
from which catheters are manufactured, physical characteristics of catheter surfaces, 
deposition of host proteins on catheter surfaces, and certain characteristics of 
microorganisms that allow them to attach to surfaces, including elaboration of an 
extracellular polysaccharide substance known as glycocalyx or slime. Using scanning 
electron microscopy, Locci and colleagues demonstrated irregularities on the internal and 
external surfaces of unused intravenous catheters (29). These authors suggested that such 
defects might provide sites of attachment for bacteria that came into contact with catheter 
surfaces. Ashkenazi and coworkers showed by scanning electron microscopy that 
bacteria adhered initially to irregularities on the inner and outer surfaces of the catheters 
(30). Other undefined characteristics of various catheter materials appear to play a role in 
binding of microorganisms to these surfaces as well. Thus, bacteria adhered least to 
siliconized steel needles and Teflon catheters and most to polyethylene and polyvinyl 
chloride catheters (30,31). 

Host proteins, including fibronectin, fibrinogen, and laminin, are deposited onto the 
surface of catheters after their insertion. Bacteria, particularly Staphylococcus aureus and 
coagulase-negative staphylococci, adhere to these proteins (32,33). Staphylococcus 
aureus binds most strongly to fibronectin and fibrinogen and coagulase-negative 
staphylococci most strongly to fibronectin. 

The surface characteristic of bacteria most important in binding to a catheter surface is 
hydrophobicity (30). Thus, hydrophobic bacteria such as S. aureus and Serratia 
marcescens bind better to catheter surfaces than do less hydrophobic species like 
Escherichia coli. 

Some strains of bacteria, particularly strains of coagulase-negative staphylococci, 
produce an extracellular glycocalyx composed of either polysaccharide or glycoprotein 
that is purported to provide a mechanism for adherence to surfaces (34). While slime may 
protect microorganisms from host phagocytic cells and antimicrobial agents, initial 
attachment does not appear to be mediated by slime (32). However, slime has an adverse 
effect on the host response, which appears to be mediated by interference with induction 
of normal T-cell proliferation and a direct lytic effect on some of these cells (35). Slime 
also interferes with the antimicrobial activity of vancomycin and teicoplanin (36). When 
slime was added to wells containing vancomycin and an inoculum of Staphylococcus 
epidermidis, the minimum inhibitory concentration (MIC) was increased fourfold when 
compared with wells containing the same concentration of antibiotic and inoculum, but 
without slime. Slime also reversed the synergistic effect of vancomycin with gentamicin 
against S. epidermidis. Addition of slime had no effect on the MICs of cefazolin, 
clindamycin, rifampin, and LY146032. 

Colonization of the Subcutaneous Catheter Tract 

The most important pathogenetic mechanism by which microorganisms cause catheter 
colonization and catheter-related infection is migration of microorganisms from the skin 
surface around the point at which the catheter penetrates the skin into the subcutaneous 
catheter tract (Fig. 2). Maki and Mermel list 10 categories of evidence that support this 
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pathogenetic mechanism as the most important mechanism (37), and some of this 
evidence will be discussed below. 

There are several studies demonstrating that microorganisms recovered from skin at 
the catheter site are the etiologic agents of catheter colonization and catheter-related 
infections. These studies show a correlation between a  

 

Figure 2 Sources of peripheral venous 
catheter infection. Microorganisms that 
contaminate the skin at the catheter 
insertion site may migrate into the 
subcutaneous catheter tract, multiply to 
high concentrations, and eventually 
colonize the fibrin sheath present on 
the intravascular portion of the 
catheter. 
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high density of microorganisms on the skin at the catheter site and the occurrence of 
catheter colonization or catheter-related infection (38–40), and in two of these studies, the 
species recovered from the skin was usually the causative agent of the catheter 
colonization or catheter-related infection (38,39). While the latter studies assessed only 
central venous catheters used for total parenteral nutrition, there is no reason to believe 
that the mechanism of colonization/infection would be different for PVCs. 

Patients with burns have a higher density of microorganisms on the surface of the burn 
wound than is found on normal skin, and these patients have a higher incidence of 
catheter-related infections than do patients without burns (41–43). In addition, cutaneous 
colonization at the catheter insertion site at the time of catheter removal was a risk factor 
for catheter-related infection (relative risk=6.16), and the incidence of catheter-related 
infection correlated inversely with the distance of the catheter insertion site from the burn 
wound (43). 

Further support for the skin as a source of microorganisms that cause catheter-related 
infections is provided by reports of outbreaks of catheter-related infections associated 
with application of contaminated antiseptics to the skin prior to insertion of intravascular 
devices (44–46). 

As a corollary to the above observations, the more effective removal of 
microorganisms from the skin around the site at which the catheter is inserted results in a 
lower catheter-related infection rate. Thus, Maki and associates observed that preparation 
of the skin with chlorhexidine prior to catheter insertion was associated with a 
significantly lower rate of catheter-related infection and bacteremia than when povidone-
iodine or 70% alcohol were used for skin preparation (47). 

Additional evidence for migration of microorganisms from the skin surface into the 
subcutaneous catheter tract as the most important pathogenetic mechanism for 
development of catheter-related infections are the observations that microorganisms are 
found mainly on the external surfaces of colonized catheters when they are examined 
microscopically on removal and that the presence of microorganisms on the external 
surfaces of catheters is related to the occurrence of catheter-related bacteremia. Thus, on 
removal, Cooper and Hopkins cultured intravascular catheters semiquantitatively and 
then Gram-stained them (48). The direct catheter Gram-stain technique was 100% 
sensitive and 96.9% specific for catheter colonization as defined by semiquantitative 
culture. Microorganisms were observed on the external surface of all 41 catheters with a 
positive semiquantitative culture, but on the internal (lumenal) surface of only four 
catheters. That the external surface of the catheter is the source for microorganisms that 
cause catheter-related bacteremia is shown by the observation that a positive 
semiquantitative catheter culture is highly correlated with the occurrence of bacteremia 
(48–50). 

Finally, when bovine collagen cuffs impregnated with silver ions are placed 
subcutaneously at the catheter insertion site at the time of catheter insertion, the rate of 
catheter-related infection is significantly decreased. Thus, Maki and coworkers observed 
a decrease in infection rates of from 28.9% with control noncuffed catheters to 9.1% with 
cuffed catheters (p= 0.002) (51). Likewise, Flowers and associates noted a reduction in 
the rate of catheter colonization of from 34.5% with noncuffed control catheters to 7.7% 
with cuffed catheters (p=0.02) (50). The marked reduction in catheter colonization or 
catheter-related infection by blocking the entrance to the subcutaneous catheter tract with 
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a silver impregnated bovine collagen cuff provides strong evidence that migration of 
microorganisms from the skin surface into the catheter tract is the most important 
pathogenetic mechanism for development of catheter-related infections. 

Hub Contamination 

The data for hub contamination as a mechanism for development of catheter colonization 
or catheter-related infection for short-term catheters is less convincing than that for 
migration of microorganisms into the subcutaneous catheter tract. Contamination of the 
hub may be the most important mechanism for colonization and catheter-related infection 
involving long-term catheters (>30 days) (52), but the evidence for hub contamination as 
an important mechanism in short-term catheters (<30 days) is much less convincing. 
First, there is no validated standardized technique for culturing catheter hubs, and the 
meaning of positive qualitative cultures is unclear. Second, in some of the studies, when 
isolates of the same species were recovered from both hub and catheter tip, they were 
considered to be the same strain if they had the same antibiogram. The development of 
molecular typing has shown that antibiograms may be nonspecific markers for 
determining when two isolates are from the same clone. Third, most of the studies 
implicating contamination of the hub as the pathogenetic mechanism for development of 
catheter colonization and catheter-related infection are flawed by using historic controls 
(53), by failing to explain why the majority of catheters with contaminated hubs also 
have positive semiquantitative catheter (external surface) cultures (54), and combining 
short-term and long-term catheters in the same study (55). The most convincing data 
supporting hub contamination as an important mechanism for catheter-related infection is 
that published by deCicco and colleagues (56). 

After migrating down the subcutaneous catheter tract or, less commonly, down the 
lumenal surface of the catheter, microorganisms may reach and adhere to the fibrin 
sheath that forms around the intravascular portion of all catheters as early as 24 hours 
after their insertion (57). Multiplication in the fibrin sheath may lead to shedding of 
microorganisms into the bloodstream, giving rise to catheter-related bacteremia. 
Thrombus formation at the catheter tip may perpetuate the multiplication of 
microorganisms (42,58). If multiplication takes place to the extent that microorganisms 
invade the venous wall or an intraluminal abscess develops, the patient has a life-
threatening infection termed septic or suppurative thrombophlebitis (42). 

Hematogenous Seeding 

Another mechanism by which catheter-related infection develops is hematogenous 
seeding (53,54). Microorganisms that enter the bloodstream from another source may 
adhere to the fibrin sheath surrounding the intravascular portion of the catheter. Catheter-
related infection develops much less commonly by hematogenous seeding than by 
migration of microorganisms down the external or internal surfaces of catheters. 
Likewise, contaminated infusion fluids are uncommonly the source of microorganisms 
that cause catheter-related infection (2,12,28). 
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CLINICAL MANIFESTATIONS 

Phlebitis 

The presence of fever is not necessary for the diagnosis of aseptic phlebitis. Phlebitis is 
diagnosed by the presence of local signs of inflammation without evidence of infection, 
i.e., without the presence of purulent drainage from the catheter insertion site. The local 
signs of phlebitis include erythema, palpable venous cord, tenderness, pain, increased 
warmth, induration, swelling, and lymphangitis (2–4,9,12,59). 

Catheter-Related Infection 

Catheter-related infection may also be manifested by the same local signs of 
inflammation observed to occur with aseptic phlebitis, as noted in the Introduction. 
Patients with catheter-related infection may have fever, and in some cases, a purulent 
discharge may be noted at the site of catheter insertion (10,60). 

Septic thrombophlebitis may occur in any patient with an intravenous catheter, but 
burn patients are at a particularly high risk of this complication (42). Septic 
thrombophlebitis may complicate both central and peripheral venous cannulation (42,61). 
Most patients with septic thrombophlebitis have fever and signs of sepsis, and 72 to 
100% have bacteremia (42,61). Baker and associates reported on a series of cases of 
septic thrombophlebitis in a population of patients with intravenous catheters and persons 
who abused drugs in the community (61). Local signs of septic thrombophlebitis included 
local pain in 83% of patients, swelling in 37%, erythema and edema in 62%, abscess in 
43%, a palpable cord in 20%, lymphadenopathy in 13%, and spontaneous drainage of pus 
in 9% (61). Local signs of septic thrombophlebitis in burn patients may occur in less than 
50% of cases (42). It must also be kept in mind that signs and symptoms of septic 
thrombophlebitis may not appear for days after the intravenous cannula is removed (62). 
The most common systemic complication of septic thrombophlebitis is septic embolism, 
usually to the lungs (61). 

ETIOLOGY OF INFECTIONS ASSOCIATED WITH 
PERIPHERAL VENOUS CATHETERS 

Catheter Colonization and Catheter-Site Infections 

Catheter colonization (>15 cfu on semiquantitative culture without local signs of 
infection) and catheter-related site infection (pumlent drainage from the point at which 
the catheter penetrates the skin) may occur and be limited to the catheter tract or may also 
give rise to bacteremia. 

Adults 

There is no national database that compiles data on the etiology of colonization or 
catheter-related infection for PVCs. The only data available are from published studies 
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from individual institutions. Maki and Ringer observed that for Teflon catheters, 4.7% 
were colonized with coagulase-negative staphylococci, 0.2% with S. aureus, and none 
with Gram-negative bacilli or yeasts. For polyurethane catheters, 6.7% were colonized by 
coagulase-negative staphylococci, none by S. aureus or Gram-negative bacilli, and 0.2% 
by yeasts (2). In a second study, Maki and Ringer found that 4.9% of 2088 PVCs were 
colonized by coagulase-negative staphylococci, 0.1% by S. aureus, and none by Gram-
negative bacilli or yeasts (12). The most common microorganism colonizing PVCs in the 
series of Righter and coworkers was S. epidermidis. S. aureus accounted for only two of 
59 isolates and Gram-negative bacilli for two of 59 isolates (4). Of 42 colonized PVCs, 
Bregenzer and associates found that 36 of 42 (87.5%) catheter isolates were coagulase-
negative staphylococci, two of 42 (4.8%) were Proteus mirabilis, one of 42 (2.4%) was S. 
aureus, one of 42 (2.4%) was a viridans species of Streptococcus, one of 42 (2.4%) was 
Corynebacterium xerosis, and one of 42 (2.4%) was a mixture of coagulase-negative 
staphylococci and enterococci (63). 

Children 

In a study of 50 PVCs in neonates, Wilkins and colleagues found 13 cannulae (26%) to 
be positive on semiquantitative culture. Of 22 isolates from these catheters, 19 were S. 
epidermidis, one was Staphylococcus haemolyticus, one was Staphylococcus warneri, 
and one was S. aureus (62). In their study of intravenous catheters in neonates, Cronin 
and colleagues recovered 43 isolates at a colony count of ≥15 cfu on semiquantitative 
culture of 631 PVCs (64). Thirty-four of 43 (79%) were coagulase-negative 
staphylococci. Only one (2.3%) was S. aureus; the remaining isolates were Enterococcus 
(five or 11.6%), E. coli (two or 4.7%), and Candida parapsilosis (one or 2.3%). 

In a study of children with a mean age of 4.9±5 years, Shimandle and coworkers 
observed that 92 of 348 (26%) PVCs were colonized (65). Ninety-two of 107 (86%) 
isolates from colonized peripheral venous catheters were coagulase-negative 
staphylococci. Eight of 107 (7.5%) isolates were other low-virulence skin or 
environmental bacteria, five of 107 (4.7%) were Candida species, one of 107 (0.9%) was 
S. aureus, and one of 107 (0.9%) was Klebsiella pneumoniae. 

In older children from general medical wards in a childrens’ hospital, Garland and 
associates found 12 of 115 (10.4%) PVCs to be colonized (66). Eleven of the 12 (91.6%) 
were colonized by S. epidermidis and one (8.4%) was colonized by an alpha hemolytic 
Streptococcus. In a later study of critically ill children, Garland and associates found 54 
(11.8%) of 459 PVCs to be colonized (8). Coagulase-negative staphylococci were 
recovered from 51 of 54 (94.4%) catheters. Enterococcus faecalis and β-hemolytic 
Streptococcus were each recovered from two catheters and yeasts were recovered from 
four catheters. 

It would appear, from the limited data available, that the overwhelming majority of 
catheter colonizations and local catheter-related infections of PVCs in both adults and 
children are caused by Gram-positive cocci. Most of the Gram-positive coccal isolates 
are coagulase-negative staphylococci. There are rare isolates of S. aureus, Gram-negative 
bacilli, and yeasts. 
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Catheter-Related Bacteremia 

Catheter-related bacteremia uncommonly complicates the use of PVCs in adults or 
children. 

Adults 

No cases of bacteremia were identified in either of the two studies of PVCs by Maki and 
Ringer (2,12), and Righter and coworkers and Bregenzer and associates observed no 
cases of bacteremia in their series (4,63). The best data on the etiology of catheter-related 
bacteremias that complicate the use of PVCs in adults is from a multicenter study in 
Australia (67). Collignon and his coworkers found that S. aureus was most often the 
cause of bacteremia associated with PVCs. Gram-positive cocci were the cause in 181 of 
240 (75.4%) episodes and S. aureus was the cause in 149 of 240 (62.1%) of the episodes. 
Gram-negative bacilli accounted for 55 of 240 (22.9%) episodes and fungi for only four 
of 240 (1.7%) episodes. 

Children 

There are also few data on the cause of catheter-related bacteremias in children. The 
seven bacteremias in neonates in the study of Cronin and colleagues were all caused by 
coagulase-negative staphylococci, and Enterococcus was also isolated from the blood of 
one of these patients (64). Systemic Candida infections in neonates may also be 
associated with the use of PVCs (68). In their study on the complications of PVCs in 
critically ill children, Garland and associates observed a single case of catheter-related 
bacteremia caused by Group A, B-hemolytic Streptococcus (8). 

Patients with Human Immunodeficiency Virus (HIV) Infection 

Unpublished data from a cohort study of HIV-infected patients at five Veterans Affairs 
Hospitals revealed that S. aureus (41%) was the most common cause of peripheral 
intravenous catheter-related bacteremia in this population (Gaynes, R, Hospital Infections 
Program, Centers for Disease Control and Prevention (CDC) personal communication, 
1995). Fifteen of the 55 cases (27.3%) of peripheral venous catheter-related bacteremia 
had coagulase-negative staphylococci isolated from blood, followed by K. pneumoniae 
(7.3%), Pseudomonas aeurginosa (7.3%), E. coli (3.6%), Candida albicans (3.6%), and 
other microorganisms (12.7%). The etiologies of catheter-related colonization and 
infection are shown in Table 1. 

Catheter-Related Septic Thrombophlebitis 

As with catheter-related infection and catheter-related bacteremia, the most common 
causes of septic thrombophlebitis are Gram-positive cocci (42,61,69). S.aureus is by far 
the most frequently isolated Gram-positive coccus (42,61,69). Gram-negative bacilli 
make up approximately 20% of isolates (61,69). Yeasts do not appear to be a common 
cause of septic thrombophlebitis except in burn patients (42,61,69). 
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Gram-positive cocci cause most of the cases of catheter-related infection, catheter-
related bacteremia, and catheter-related septic thrombophlebitis. In adults, most cases of 
catheter colonization and catheter site infection are caused by coagulase-negative 
staphylococci, while S. aureus is the most common cause of catheter-related bacteremia 
and septic thrombophlebitis. On the other hand, coagulase-negative staphylococci are the 
most common cause of both catheter site infection and catheter-related bacteremia in 
children. 

EPIDEMIOLOGY OF PERIPHERAL VENOUS CATHETER-
RELATED PHLEBITIS AND COLONIZATION/INFECTION 

Rates of Catheter-Related Phlebitis and Colonization/Infection 

Phlebitis 

Adults: Rates of aseptic phlebitis range from 2.3 to 51.9% (2,4,5,10– 
12,16,27,28,63,70,71). The high variability of rates cannot be accounted for by  

Table 1 Etiologies of Peripheral Venous Catheter-
Related Infections 

Authors (Reference) Microorganisms Number of 
isolates 

Percentage of 
total isolates 

Adults 

Maki and Ringer (2) (Catheter 
isolates ≥15 cfu) 

Coagulase-negative 
staphylococci 

59 96.7 

Staphylococcus aureus 1 1.6     

Yeast 1 1.6 

Righter et al. (4) (Catheter isolates 
≥15 cfu) 

S. epidermidis 26 44.1 

Streptococcus species 13 22.0 

Neisseria species 4 6.8 

Yeast 4 6.8 

Micrococcus species 3 5.1 

Diptheroids 3 5.1 

S. aureus 2 3.4 

Bacillus species 2 3.4 

Serratia marcescens 1 1.7 

  

    

Acinetobacter species 1 1.7 
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Maki and Ringer (12) Catheter 
isolates ≥15 cfu) 

Coagulase-negative 
staphylococci 

103 98.1 

    S. aureus 2 1.9 

Collignon (67) (Blood isolates) S. aureus 149 62.1 

  Coagulase-negative 
staphylococci 

26 10.8 

Streptococcus species 3 1.3 

Enterococcus species 2 0.8 

Corynebacterium species 1 0.4 

Escherichia coli 3 1.3 

Klebsiella species 15 6.3 

Enterobacter species 12 5.0 

Serratia species 4 1.7 

Other Enterobacteriaceae 5 2.1 

Pseudomonas species 7 2.9 

Other Gram-negative 
microorganisms 

9 3.8 

  

Candida albicans 4 1.7 

  

Bregenzer et al. (63) (Catheter 
isolates ≥15 cfu) 

S. epidermidis 36 85.7 

Proteus mirabilis 2 4.8 

S. aureus 1 2.4 

Viridans streptococci 1 2.4 

Corynebacterium xerosis 1 2.4 

    

S. epidermidis and 
enterococci 

1 2.4 

S. aureus 21 38.2 Gaynes (Personal Communication) 
(Blood isolates, HIV-positive 
patients) Coagulase-negative 

staphylococci 
15 27.3 

K. pneumoniae 4 7.3 

 

    

P. aeruginosa 4 7.3 
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Authors (Reference) Microorganisms Number of 
isolates 

Percentage of 
total isolates 

E. coli 2 3.6 

C. albicans 2 3.6 

    

Other microorganisms 7 12.7 

Children 

S. epidermidis 19 86.4 

S. aureus 1 4.5 

S. haemolyticus 1 4.5 

Wilkins et al. (62) (Catheter 
isolates ≥15 cfu) 

S. warneri 1 4.5 

Coagulase-negative 
staphylococcia 

34 79.1 

S. aureus 1 2.3 

Enterococcusa 5 11.6 

E. coli 2 4.7 

Cronin et al. (64) (Catheter 
isolates ≥15 cfu) 

C. parapsilosis 1 2.3 

Coagulase-negative 
staphylococci 

92 86 

Other skin and 
environmental bacteria 

8 7.5 

Candida species 5 4.7 

S. aureus 1 0.9 

Shimandle et al. (65) 
(Catheter isolates ≥15 cfu) 

K. pneumoniae 1 0.9 

S. epidermidis 11 91.7 Garland et al. (66) (Catheter 
isolates ≥15 cfu) 

Streptococcus species 1 8.3 

Coagulase-negative 
staphylococci 

78 86.7 Garland et al. (8) (Catheter 
isolates ≥15 cfu)b 

S. pyogenes 2 2.2 

E. faecalis 2 2.2 

Yeasts 4 4.3 

C. parapsilosis 3 3.3 

  

  

Malassezia furfur 1 1.1 
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 a Some of these catheter isolates may have caused bacteremia. 
b Catheters cultured by both semiquantitative and quantitative techniques. 

differences in definitions of phlebitis or by differences in materials from which the 
catheters are constructed. In the overwhelming majority of published reports, the rates of 
phlebitis range from 16.7 to 51.9% (2,4,5,10– 12,16,28,63,70). It is of interest that the 
most carefully performed study found the lowest rate of phlebitis (2.3%) (71). 
Children: Only three studies in children report rates of aseptic phlebitis (7,8,65). The 
reported rates range from 1.1 to 13%. It is unclear why children have lower rates of 
phlebitis than adults. The differences in rates between children and adults cannot be 
accounted for by differences in definitions of phlebitis or differences in the materials 
from which catheters were manufactured. 

Catheter Site Colonization/Infection 

Adults: Local catheter-related colonization/infection in PVCs has been reported to occur 
at a much lower rate than aseptic phlebitis. In seven studies in which the semiquantitative 
catheter culture technique of Maki and coworkers (9) was used to culture peripheral 
intravenous cannulae on removal, the colonization/infection rates ranged from 1.4 to 
6.9% (2,4,10,12,27,28,63). Differences in colonization/infection rates could not be 
accounted for by differences in catheter materials or time in situ. However, the study that 
yielded a cannula colonization/infection rate of 5.4% for steel needles was carried out in 
a population of patients with hematological malignancies (28). 
Children: In four studies of PVCs in children in which catheters were cultured by the 
technique of Maki and coworkers (9) on removal, rates of catheter colonization/infection 
ranged from 10.4 to 26% (7,8,65,66). In two studies in neonates in which catheters were 
cultured by the technique of Maki and coworkers (9), rates were 26 and 13%, 
respectively (62,64). The differences between the rates in children and adults could not 
be accounted for by differences in culture techniques, catheter materials, or time in situ. 

Rates of Catheter-Related Bacteremia 

Adults: In six of nine studies of PVCs, no cases of catheter-related bacteremia were 
identified (2,4,10,12,27,63). In the other three studies, catheter-related bacteremia 
occurred at a rate of 0.08 to 1.9% (28,70,71). In the multicenter study by Collignon and 
coworkers from Australia, peripheral intravenous catheter-related bacteremia occurred at 
a rate of between 0 and 1.28 cases per 1000 catheters purchased; this translated to a rate 
of 0.1% (67). In the unpublished cohort study of HIV-infected patients at five Veterans 
Affairs Hospitals, there were 66 PVC-related bloodstream infections (BSI) for a rate of 
1.5 bloodstream infections per 1000 catheter-days (Gaynes, R, Hospital Infections 
Program, CDC, personal communication, 1995). Fifty-five of these patients had only 
PVCs (i.e., did not have a central line as well) for a rate of 1.2 BSI per 1000 catheter-
days. 
Children: Peripheral venous catheter-related bacteremia rates are also very low in 
children. In four published studies, there were no cases of bacteremia (7,62,65,66), and in 
one report, the bacteremia rate was 0.15% (8). 
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Taken together, these data indicate that both adult and pediatric patients with PVCs 
are at a very low risk for catheter-related bacteremia. 

Rates of Catheter-Related Septic Thrombophlebitis 

No cohort studies of septic thrombophlebitis that complicate the use of PVCs have been 
published, and therefore, rates for this complication are unknown. However, since 
bacteremia is a prominent manifestation of septic thrombophlebitis and the rate of 
peripheral intravenous cannula-related bacteremia is very low, the rate of septic 
thrombophlebitis complicating the insertion of PVCs would also be expected to be very 
low. 

Risk Factors for Phlebitis and Catheter-Site Colonization and 
Infection 

Phlebitis 

Adults: Risk factors for phlebitis have been identified in three prospective studies of 
PVCs using similar definitions for phlebitis and multivariable analysis of the data 
(2,5,71). All three studies identified duration of cannulation as a risk factor. Risk factors 
identified by two of the three studies included infusion of antibiotics and use of Teflon 
rather than polyurethane catheters (2,5). All three studies identified one risk factor related 
to female gender, i.e., female sex (2), cesarean section (5), and hospitalization in an 
obstetrics and gynecology hospital (71). Other risk factors included cannula tip damage 
(5), having a high-risk diagnosis (cancer, immunodeficiency diseases), catheter order 
(higher rates of phlebitis for catheters inserted after the first catheter), and an interaction 
of length and order (length of catheterization increased the risk of phlebitis only for first 
catheters) (71). In a second analysis, Maki and Ringer identified risk factors for severe 
phlebitis, defined as a phlebitis score higher than the 77th percentile of all phlebitis 
scores (2). In addition to duration, female sex, infusion of antibiotics, and use of Teflon 
rather than polyurethane catheters the discrete proportional hazards model for severe 
phlebitis identified having had phlebitis with a previous catheter, having catheter-related 
infection, insertion of catheters in the spring months rather than in the winter, insertion of 
a catheter in the forearm rather than the hand or wrist, insertion of a catheter in the 
emergency room or operating room rather than the ward and insertion on the ward rather 
than in an intensive care unit as risk factors. 
Children: Only one prospective study using a standard definition of phlebitis and 
multivariable techniques for analysis of data has been published in the pediatric literature 
(7). Using multiple linear regression, Nelson and Garland identified parenteral nutrition, 
infusion of nafcillin and aminoglycosides, and older age (those who developed phlebitis 
had a mean age of about six years while those without phlebitis had a mean age of about 
four years) as independent risk factors for phlebitis in children. 

 

Catheter-related infections     300



Catheter-Site Colonization and Infection 

Adults: Five prospective studies of peripheral catheter colonization/ local catheter-
related infection have been published (12,28,72–74). In only two of these studies were 
catheters (steel needles) cultured semiquantitatively on removal (12,28). In one of these 
publications, Band and Maki assessed risk factors for colonization/local infection of steel 
needles in patients with hematological malignancy (28). Using only univariate statistical 
analytical techniques, they identified local inflammation and needle placements 
exceeding 72 hours as risk factors. In the only study using semiquantitative cultures of 
catheters and multivariable statistical analysis, Maki and Ringer found colonization of the 
catheter site, colonization of the hub, moisture or blood beneath the dressing, and longer 
duration of catheter placement (3.8± 1.8 days versus 2.7±1.6 days) to be risk factors for 
local catheter-related infection (12). They identified systemic antimicrobial therapy as 
protective (relative risk 0.47, 95% confidence interval 0.31–0.73). 

Ena and associates carried out a cross-sectional study of phlebitis and catheter-related 
infection in a university-affiliated hospital in Madrid, Spain (72). Catheters were not 
cultured, and local catheter-related infection was diagnosed by local signs of 
inflammation and/or fever not attributable to other causes. Of 353 intravascular catheters, 
273 (77.3%) were peripheral intravenous catheters. Risk factors identified by logistical 
regression analysis were infection at any other body site, inappropriate catheter care 
(defined as any deviation from Centers for Disease Control and Prevention guidelines for 
catheter care), and inappropriate length of catheter use (not defined). A hospital stay of 
longer than 14 days had a borderline relationship with catheter-related infection. The data 
on risk factors from this study have to be interpreted with caution, because catheters were 
not cultured, and because 22.7% of the catheters were not PVCs. 

Nelson and colleagues carried out a prospective study of 100 PVCs to examine the 
impact of improperly dressed insertion sites on inflammation at these sites (73). On 
removal of catheters, the sites were scored for signs of inflammation using a score of zero 
to five for each of the signs, including tenderness, erythema, exudate, edema, and vein 
occlusion. Catheters were not cultured. They considered that the presence of two or more 
of these signs was indicative of infection, tissue damage, or irritation. Data were analyzed 
only by univariate analysis. They observed that 68 catheters were improperly dressed, 
due either to use of nonsterile materials or improperly applied sterile dressings. Forty-
nine of 68 (72%) improperly dressed PVCs had signs of inflammation while only five of 
32 (16%) of the properly dressed sites had signs of inflammation. This study is difficult 
to interpret, because catheters were not cultured and data were analyzed only by 
univariate statistics. 

Hirschmann and coworkers performed a multicenter study in three Austrian hospitals 
to assess the effect of different types of hand hygiene on the occurrence of signs of 
inflammation at insertion sites (74). They recorded the presence of erythema, swelling, 
pain, pus at the insertion site, and fever of unknown origin and defined “infectious” 
complications as the presence of one or more of these signs. Catheters were not cultured. 
The authors also collected data on other variables, and data were analyzed by logistical 
regression. They observed that use of nonsterile disposable latex gloves or hand 
disinfection with alcohol were significantly protective against infection compared to no 
hand treatment or washing with nonmedicated soap. Insertion in the operating room 
compared to insertion in the ward or outpatient department was also significantly 
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protective. Female gender and a duration of insertion ≥49 hours were risk factors for 
infectious complications. As in the latter two studies, interpretation of the findings in this 
study must be viewed with caution due to the absence of catheter cultures. 
Children: Only one prospective study has been published in the pediatric literature that 
used a standard culture technique to identify colonized catheters or local catheter-related 
infection and multivariable analysis of the data to identify risk factors for local catheter-
related colonization or infection. Shimandle and coworkers defined catheter colonization 
as growth of ≥15 cfu of bacteria or fungi and high-level colonization as growth of ≥200 
cfu (65). Univariate analysis revealed significant associations between catheter 
colonization and the site of catheter insertion (antecubital fossa), days of catheter 
placement, and a protective effect of antibiotic administration. 

On multivariable analysis, only days of catheter placement were significantly 
associated with catheter colonization. When the authors evaluated high-level colonization 
by multivariable analysis, catheter colonization was significantly increased by site of 
insertion and increased duration of catheter placement. Antibiotic use for up to three days 
was significantly protective. 

Garland and associates conducted a prospective study of complications of PVCs in 
critically ill children and analyzed their data using multivariable techniques, but cultured 
catheters with unvalidated modifications of a semiquantitative culture technique (9) and a 
quantitative culture technique (75). They found infusion of diazepam, infusion of lipids, 
catheter duration greater than 144 hours, and age equal to or less than one year to be 
independent risk factors for catheter colonization (8). 

Cronin and coworkers performed a prospective study and assessed risk factors for 
colonization of multiple types of catheters, but stratified their analysis by catheter type 
(64). Using only univariate analytical techniques, they identified duration of 
catheterization (longer than three days), absence of antibiotic therapy in the four days 
prior to catheter removal, use of the catheter for infusion of hyperalimentation solution, 
and low birthweight (less than 1500 grams) as risk factors for PVC colonization. 

In a prospective study in which only 40% of the catheters were cultured and data were 
analyzed only by univariate techniques, Garland and associates were unable to find a 
significant relationship between catheter colonization and age, gender, race, conditions of 
catheter placement (elective versus emergency situation, site, catheter size, number of 
catheters), local complications including extravasation and phlebitis, and duration of 
catheterization (66). There was a borderline relationship between absence of antibiotic 
infusion through the catheter and catheter colonization. All of the studies noted a 
protective effect or borderline protective effect of antibiotic therapy, and three of the 
studies found an increased duration of catheter placement to be a risk factor. Otherwise, 
there was little agreement between these studies with respect to risk factors for catheter 
colonization, and the data should be interpreted cautiously because of differences in study 
populations and deficiencies in study design and data analysis. 

Risk Factors for Peripheral Venous Catheter-Related Bacteremia 

No studies have been published that assess risk factors for peripheral venous catheter-
related bacteremia. Except for patients with HIV infection, bacteremias associated with 
PVCs are so uncommon that huge numbers of patients would have to be enrolled in a 
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multicenter study. Given the low morbidity and mortality attributed to such bacteremias, 
it is unlikely that such a study will ever be done. 

However, in patients with HIV infection, peripheral venous catheter-related 
bacteremias appear to be more common. Lambotte and associates studied a potential 
relationship between PVCs and nosocomial bacteremia in patients with HIV infection 
(76). They did a retrospective case-control study. Cases were patients who developed 
bacteremia ≥72 hours after admission and controls were patients without bacteremia 
matched to cases by length of stay equal to or greater than time to bacteremia in the case 
patient. Only a univariate analysis was done. Patients with a known source of bacteremia 
were not selected as controls. Cases were significantly more likely to have had a PVC 
inserted in the 48 hours before the first positive blood culture than were controls. This 
finding could be viewed with greater confidence if the data had been analyzed with a 
multivariable statistical technique. 

DIAGNOSIS OF CATHETER COLONIZATION, LOCAL 
CATHETER-RELATED INFECTION, AND CATHETER-

RELATED BACTEREMIA 

Clinical Manifestations 

Although local signs of inflammation (palpable cord, erythema, tenderness, swelling) 
may be associated with positive catheter cultures (see “Catheters” under “Application of 
Microbiological Techniques” Section) (9,40), it is clear that local signs of inflammation 
occur most often with negative catheter cultures (aseptic phlebitis) (2,4,10). The only 
local sign that is diagnostic of local catheter-related infection is drainage of purulent fluid 
from the site at which the catheter penetrates the skin (10,60,75). Thus, in the absence of 
purulent drainage, local signs of inflammation alone are an indication to remove the 
catheter and submit it for appropriate culture (see “Catheters” under “Application of 
Microbiological Techniques” Section), but without purulent drainage, local signs of 
inflammation alone are not diagnostic of catheter-related infection. On the other hand, the 
absence of signs of inflammation at the catheter site does not rule out catheter 
colonization/ catheter-related infection, i.e., does not predict that catheter cultures will be 
negative (4,9,10,77). 

Septic thrombophlebitis should be considered in patients who have fever and a 
positive blood culture without an obvious source and who have a PVC in place or who 
have had a PVC recently removed (42,61). Local signs of infection may occur in less 
than half of these patients (42,78). When local signs of inflammation are present, they 
may include pain, swelling, erythema, palpable cord, lymphadenopathy, purulent 
drainage, and local abscess (61). 

Septic thrombophlebitis should be considered in the absence of local signs at presently 
or recently cannulated venous sites in patients with persistent fever and bacteremia with 
no identifiable source. This may be particularly important in burn patients (42,78). All 
currently and recently cannulated veins should be examined for signs of inflammation 
and purulent drainage. An attempt should be made to express purulent fluid from 
previously cannulated sites. In patients with continuing fever and bacteremia with no 
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identifiable source and negative findings on examination of current and previously 
cannulated venous sites, it may be necessary to surgically explore these sites, starting in 
the area of the vein where the tip of the previous cannula was likely to have been 
positioned (42,78). For patients with ongoing fever and bacteremia with an unknown 
source who have an intravascular catheter(s) in place, the catheter(s) should be removed 
and submitted for appropriate cultures (see “Catheters” under “Application of 
Microbiological Techniques” Section). Any purulent drainage should be cultured and a 
Gram-stained smear examined microscopically. 

Application of Microbiological Techniques for Diagnosis of Catheter 
Colonization and Catheter-Related Infections 

Cultures 

The three types of specimens that may be cultured to establish the diagnosis of catheter 
colonization/catheter-related infection are pumlent drainage from a site of venous 
cannulation, the cannula, and the patient’s blood. 
Purulent Drainage from the Catheter Site: When local catheter-related infection is 
suspected, the cannulated site should be carefully assessed for the presence of purulent 
drainage and any purulent fluid sampled carefully with a sterile swab to avoid 
contamination from skin around the cannula site. The swab should be promptly submitted 
for culture. 
Catheters: Culture of a catheter in broth has a high sensitivity but low specificity, 
because even a single bacterial cell from the surrounding skin that contaminates the 
catheter on removal will give rise to a positive broth culture after overnight incubation. 
Thus, a negative broth culture indicates that the catheter is not colonized or that there is 
no local cannula-related infection, but a positive culture in broth is difficult to interpret. 

To improve on the diagnostic accuracy of catheter cultures, Maki and coworkers 
developed a semiquantitative culture technique in which catheter segments were rolled 
across the surface of an agar plate using a flamed forceps (9). They found that cultures 
yielding ≥15 cfu were significantly associated with local inflammation and septicemia. 
Maki and coworkers considered that a positive catheter culture (≥15 cfu) indicated 
catheter-related infection. However, since Maki and coworkers’ description of this 
culture technique, it has become clear that many catheters removed from inflamed sites 
are culture-negative (2,4,10,12) and that catheters that yield ≥15 cfu on semiquantitative 
culture may be from sites with no signs of local inflammation (7,8). Thus, a positive 
semiquantitative catheter culture is currently considered to represent catheter colonization 
rather than catheter-related infection. However, because catheter colonization is 
considered to be a precursor of catheter-related infection, and because colonized catheters 
may give rise to bacteremia (77), catheter colonization is considered an adverse event. 

Collignon and colleagues reevaluated the semiquantitative catheter culture technique 
of Maki and coworkers (9) nearly a decade later and found that the technique was still a 
useful indicator of central venous catheter-related bacteremia (49). However, they noted 
that a threshold of ≥5 cfu improved the sensitivity of the technique with no change in 
specificity. Since these authors cultured only the tips of central venous catheters, it is 
unclear how their observations might apply to PVCs. 
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Because the semiquantitative catheter culture technique cultures only the outside of 
the catheter, has a low positive predictive value, and ≥1000 cfu can be quantitated per 
catheter segment, quantitative culture techniques were developed to overcome these 
deficiencies in the semiquantitative culture technique (75,77,79). Catheters were 
immersed in broth and the lumina were flushed with broth followed by quantitative 
culture of the broth (79), or catheters were sonicated in broth followed by quantitative 
culture of the broth (75,77). The sensitivity, specificity, positive, and negative predictive 
values for the quantitative broth sonication technique were 93, 95, 76, and 99%, 
respectively (77). However, only the study by Cleri and associates clearly included PVCs 
and they considered >103 cfu as the threshold for infection, because counts of ≥103 cfu 
were associated with bacteremia (79). Since 111 of 149 catheters in this study were 
PVCs, it would appear that this diagnostic technique could be applied to PVCs. In the 
reports of the quantitative sonication technique, either the types of catheters studied were 
not reported (75) or only central venous catheters were included (77). Thus, it is unclear 
whether the broth sonication technique can be applied to PVCs. 

Another quantitative culture technique that has been used to diagnose catheter-related 
infection is quantitative culture of blood samples obtained simultaneously from the 
intravascular cannula and from a peripheral vein (40,80–82). When the concentration of 
microorganisms in blood obtained from the catheter exceeds the concentration of 
microorganisms in peripheral venous blood by≥fourfold (82), ≥sevenfold (81), or 
≥tenfold (40), catheter-related infection is diagnosed. None of the studies have included 
PVCs. This culture technique is particularly useful for central venous catheters, because it 
permits catheter-related infection to be ruled out without removing the catheter. This is 
important for central venous catheters, because they are more expensive to insert than 
PVCs and because insertion may be associated with serious complications. Given the 
relatively low cost and risk for insertion of PVCs, it is likely that simply removing a 
suspect PVC and inserting a new one at another site would be more cost-effective than 
differential quantitative blood cultures. 

Microscopic Examination of Stained Catheter Segments 

In 1985, Cooper and Hopkins reported on a technique that involved direct Gram staining 
of catheter segments immediately after removal (48). They cultured the catheter segments 
by the semiquantitative technique of Maki and coworkers (9) prior to Gram staining and 
compared the semiquantitative culture results with the results of microscopic examination 
of Gram-stained catheter segments. Sensitivity of the Gram stain technique was 100%, 
specificity was 96.9%, the positive predictive value was 83.9%, and the negative 
predictive value was 100%. All bacteremias were associated with catheters considered 
positive by the Gram stain technique. Unfortunately, only eight (2.4%) of the catheters 
were PVCs, making conclusions about application of this technique to PVCs tenuous. 

Zufferey and coworkers developed a technique for microscopical examination of 
catheters stained directly by acridine orange (83). These authors also cultured the 
catheters using the semiquantitative method of Maki and coworkers (9) prior to staining 
them with acridine orange. Compared to the semiquantitative cultures, the direct acridine 
orange-staining technique had a sensitivity of 84%, a specificity of 100%, a positive 
predictive value of 86%, and a negative predictive value of 99%. The overall agreement 
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with semi-quantitative culture was 98%. Four hundred ninety-eight of the 710 (70%) 
catheters studied were PVCs. Thus, it would appear that this technique could be applied 
to PVCs. 

Coutlée and colleagues (84) also compared direct staining of catheter segments with 
Gram stain and acridine orange with the semiquantitative culture method (9). These 
investigators found a lower sensitivity, specificity, positive predictive value, and negative 
predictive value for direct Gram staining and direct acridine orange staining than did 
Cooper and Hopkins (48) and Zufferey and coworkers (83), respectively. Except for 
fungal infections, Coutlée and colleagues did not consider either of these direct staining 
techniques very useful for diagnosis of catheter-related infections. However, unlike the 
studies of Cooper and Hopkins and Zufferey and coworkers, the study of Coutlée and 
colleagues was retrospective and included only 99 catheters. Twenty-three percent of the 
catheters in the latter study were PVCs. While microscopical examination of directly 
stained catheters may be laborious, it would appear that such techniques provide valid 
data for diagnosing or excluding catheter-related infection. Since only eight PVCs were 
studied by Cooper and Hopkins (48), more data are needed on the application of the 
direct Gram-staining technique to PVCs. 

Definitions of Catheter Colonization, Local Catheter-Related 
Infection, and Catheter-Related Bacteremia 

1. Catheter Colonization. Recovery of ≥15 cfu from the catheter on semiquantitative 
culture (9), or >103 cfu from the catheter using the quantitative culture technique of 
Cleri and associates (79) in the absence of purulent drainage from the point at which 
the catheter penetrates the skin. 

2. Local Catheter-Related Infection. Purulent drainage from the point at which the 
catheter penetrates the skin. 

3. Septic Thrombophlebitis. Presence of purulent fluid in the lumen of a vein or 
histopathological evidence of invasion of the venous wall by microorganisms on 
venous wall biopsy. 

4. Catheter-Related Bacteremia. Same species of microorganism recovered from blood 
cultures and either culture of purulent drainage from the point at which the catheter 
penetrates the skin or from a positive semiquantitative (9) or quantitative (79) culture 
of the catheter and no other identifiable source for the bacteremia. (For coagulase-
negative staphylococci, there must be at least two positive blood cultures and the 
isolates from blood must have the same antibiogram as the isolate from the catheter). 

SPECIAL TYPES OF PERIPHERAL VENOUS CATHETERS 

Heparin Lock Cannulae 

Heparin lock cannulae were developed by Stern and colleagues to permit intermittent 
dosing of intravenous antibiotics in patients with cystic fibrosis and complicating 
pulmonary infections (85). Since that time, heparin locks have been used extensively, but 
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few studies have been published on the infectious complications encountered with use of 
these devices. 

Adults 

The only study of heparin lock cannulae in adults was published by Ferguson and 
associates in 1976 (86). They noted a phlebitis rate of 12%. Cultures were performed on 
119 heparin lock needles on removal. Qualitative cultures were taken by first flushing the 
heparin lock with brain heart infusion broth and then removing the needle tip and placing 
it in the same type of broth. Fifty-three percent of cannulae associated with phlebitis had 
a positive flush culture versus 1% positive flush cultures in cannulae not related to 
phlebitis (p=2.3 ×10−8). On the other hand, positive needle tip cultures were not 
significantly related to phlebitis (p>0.50). None of the patients with heparin locks 
developed bacteremia. Microorganisms isolated from heparin lock flush cultures and 
needle tip cultures included S. epidermidis, Micrococcus species, and aerobic 
diphtheroids. 

Risk factors for a positive flush culture included duration of usage (>96 hours), 
number of different drugs infused or injected through the heparin lock, and the number of 
manipulations of the device. The only risk factor for a positive needle tip culture was the 
number of manipulations. Only two episodes of phlebitis (injection of medication into 
infiltrated heparin-lock needles) occurred prior to 96 hours of heparin lock needle dwell 
time. The authors dismissed the microorganisms recovered from needle tip cultures as 
contaminants picked up on needle removal. If it is assumed that only a positive flush 
culture is indicative of cannula-related infection, then the infection rate is 0% up to 96 
hours and 21% after 96 hours. 

The only report in the literature on bacteremia associated with the use of heparin lock 
needles is a letter to the editor by Agger and Maki (87). They described two cases of 
bacteremia in two patients with leukemia and heparin locks in place. They stated that 
needle-related septicemia may occur more frequently in patients with cancer and other 
immunocompromising conditions. 

Children 

Taylor and coworkers have published the only study on heparin locks in children (88). 
They randomized 39 newborn infants in an intermediate care nursery to receive 
parenteral medications by a heparin lock catheter or by an intravenous line kept patent by 
a continuous low infusion rate. None of the patients in the study developed 
thrombophlebitis, local catheter-related infection, or bacteremia. The only significant 
difference in the two groups was that patients with the continuous infusion had more 
episodes of subcutaneous infiltration. 

Midline Catheters 

Midline catheters are three- to eight-inch PVCs made of silicone or polyurethane and 
inserted into larger peripheral veins in the vicinity of the antecubital fossa with the tip 
lying distal to the central veins (89). There are four published studies that assess the risk 
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of infection associated with the use of midline catheters (89–92). All are prospective 
observational studies. Harwood and colleagues studied 41 catheters in 27 children and 
young adults with cystic fibrosis (90). They observed no phlebitis and no infections, but 
neither condition was defined by the authors. 

Mermel and associates studied 251 midline catheters in 238 patients (89). Infections 
were well-defined and both catheter hubs and catheter segments were cultured on 
removal. They were able to obtain 140 catheters for culture. The rate of phlebitis was 
15.7% or 18.3 per 1000 catheter-days. Catheter colonization occurred at a rate of 4.2% or 
5 per 1000 catheter-days and bacteremia at a rate of 0.7% or 0.8 per 1000 catheters-days. 
Significant growth was noted from 3% of the hubs and 0.7% of infusate specimens. 
Microorganisms recovered from colonized catheters included coagulase-negative 
staphylococci, K. pneumoniae, and S. aureus. The one case of bacteremia was caused by 
S. aureus. 

Although the number of catheter colonizations was small, Mermel and associates used 
Poisson regression to show that catheter colonization occurred at a significantly higher 
rate in catheters in place for less than eight days compared to those in place for eight to 
14 days. They interpreted this to mean that midline catheters do not need to be changed 
on a regular basis if the patient has no unexplained fever or purulent drainage at the 
insertion site. 

Williams and associates studied an ultrafine polyurethane midline catheter (external 
diameter of 0.8 mm [22G] used for peripheral parenteral nutrition in 45 adult patients 
(91). Seven of the 45 (15.6%) patients developed clinical signs of peripheral vein 
thrombophlebitis (PVT). Six of these seven catheters were positive on culture. The 
culture technique and criteria for a positive culture were not described. The cumulative 
daily risk for the occurrence of PVT was 0.016 episodes per day. None of the patients 
developed sepsis. 

Lesser and coworkers studied the use of a small number of midline catheters in low-
birthweight infants and compared the performance of midline catheters with PCVs (92). 
Catheters were not cultured on removal. Nine midline catheters were compared with 23 
PVCs. The mean dwell time for midline catheters was 9.0±1.4 days and for PVCs it was 
3.1±0.5 days (p< 0.05). There were no suspected or confirmed episodes of sepsis 
associated with either type of catheter. 

Of the published studies, only the study of Mermel and associates has an adequate 
number of patients/catheters to define rates of phlebitis, catheter colonization, and 
catheter-related bacteremia (89). More studies of midline catheters are needed with 
adequate power and multivariable analytical techniques to establish the rates of 
complications and risk factors for colonization/infection of midline catheters. 

Peripherally Inserted Central Venous Catheters (PICCs) 

Insertion of catheters into central veins by way of a peripheral vein rather than a 
subclavian or jugular vein was first introduced by Bottino and colleagues for 
administration of chemotherapeutic agents and blood products to patients with malignant 
neoplasms (93). These catheters are silicone elastomer (Silastic) catheters inserted 
through large veins in the antecubital fossa. 
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In normal hosts, rates of phlebitis have ranged from 2.2 to 11.5% (94– 97). Local 
catheter site infections have been assessed in only two studies. Giuffrida and associates 
noted a 0.4% cumulative incidence of suppurative thrombophlebitis in their patients with 
PICCs (98), and Pauley and coworkers observed a cumulative incidence of catheter 
colonization of 5% using a semiquantitative culture technique (99). Rates of catheter-
related bacteremia have been reported in four studies and range from 2.2 to 0.6% (94,96) 
or 0.48 and 0.9 infections per 1000 catheter-days (95–97). Rates of local catheter-related 
infection are similar to those for short PVCs. Catheter-related bacteremia rates for PICCs 
are about the same as those associated with short PVCs and are much lower than those 
for centrally inserted central venous catheters. 

Raad and colleagues found higher rates of catheter-related infections for PICCs 
inserted into cancer patients (100). Local catheter-related colonization and infection 
occurred at a rate of 12.3% and the PICC-related bacteremia rate was 3.9%. Strahilevitz 
and colleagues did a study of PICCs inserted into 40 patients with acute myeloid 
leukemia (101). All catheters were inserted by interventional radiologists. Insertion site 
infections were defined as sites with a purulent discharge that yielded growth on culture. 
There were 1.4 insertion site infections per 1000 catheter-days and 4.68 bloodstream 
infections per 1000 catheter-days. Although it would appear that catheter-associated 
infection rates may be higher in cancer patients, more studies are needed to determine 
whether use of PICCs in these patients is associated with higher infection rates. 

Using semiquantitative catheter cultures (9) and univariate analytical techniques, Paz-
Fumagalli and coworkers studied 38 PICCs in patients with spinal cord injury (102). All 
catheters were inserted by interventional radiologists. These authors observed a catheter 
insertion site colonization/infection rate of 2.1 per 1000 catheter-days and no 
bacteremias. The cumulative incidence of phlebitis was reduced from 16.5% for short 
PVCs to 2.4% for PICCs. 

Skiest and colleagues carried out a prospective observational cohort study on patients 
with HIV infection/AIDS (103). The mean CD4 cell count was 35 cells/µL (range 0–323 
cells/µL). The catheters were inserted by a nurse trained in PICC placement or by an 
interventional radiologist. Catheters were not cultured. Catheter insertion sites were 
observed for signs of inflammation. The rate of phlebitis was 0.6 per 1000 catheter-days, 
and the rate of bacteremia was 0.8 per 1000 catheter-days. It would appear that the rates 
of catheter-associated infections including bacteremias in HIV/AIDS patients are similar 
to those in patients without HIV infection. 

Two studies in children have been published. Infections related to the use of PICCs 
were defined as catheter-associated sepsis or catheter sepsis. Results of catheter cultures 
and blood cultures were not analyzed separately. Thiagarajan and associates studied 441 
PICC insertions in patients with a mean age of 3.4 years (104). Nine of 441 (2%) PICCs 
had catheter-associated sepsis (positive blood or catheter tip culture). Microorganisms 
cultured from blood or catheter tip included coagulase-negative staphylococci, 
enterococci, E. coli, and Candida species. 

Foo and colleagues studied both PICCs and tunneled central venous lines (TCVLs) in 
very low birthweight infants (105). Catheters were not cultured. Catheter-related 
infections were defined as a positive blood culture in the presence of a catheter and 
treated by the NICU team with antibiotics. TCVLs had an incidence rate of infection of 
19.9 infections per 1000 catheter-days and PICCs had a rate of 18.9 infections per 1000 
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catheter-days. Infections were caused by coagulase-negative staphylococci, enterococci, 
Klebsiella oxytoca, Enterobacter cloacae, and C. albicans. 

In patients without cancer, most catheter-related infections were caused by coagulase-
negative staphylococci, but other microorganisms isolated included S. aureus, 
streptococci, Candida species, and Gram-negative bacilli (94,95,97,99). Raad and 
colleagues also found that the latter microorganisms were commonly isolated from blood 
in cancer patients whose PICCs were complicated by bacteremia, but also isolated S. 
marcescens, Mycobacterium cheloni, E. faecalis, and Acinetobacter anitratus (100). In 
leukemia patients with PICCs, Strahilevitz and colleagues also recovered E. coli, K. 
pneumoniae, E. cloacae, Citrobacter freundii, Capnocytophaga sp., and Clostridium 
perfringens from blood cultures (101). 

The data on risk factors for PICC colonization/infection are scant. The only attempt to 
elucidate risk factors for infections that complicate the use of PICCs was in the study 
published by Raad and colleagues (100). In a univariate analysis, these investigators 
identified therapy for acute lymphocytic or acute myelocytic leukemia as the only factor 
significantly associated with PICC-related infections. Treatment with corticosteroids, 
neutropenia, thrombocytopenia, renal insufficiency, and bone marrow transplantation 
were not identified as risk factors for catheter-related infection in patients with PICCs. 
There was no difference in catheter colonization rates between those patients who 
received antibiotics and those who did not. Raad and colleagues also noted that site 
inflammation with negative catheter cultures occurred in 40 of 154 (26%) PICCs, but in 
only five of 188 (2.7%) subclavian central venous catheters. 

Peripherally Implantable Venous Access Devices 

Through the decade of the ‘90s, the peripherally implantable venous access device (arm 
port) has been introduced and now substantial data have accumulated on the techniques 
for insertion, and on the longevity and complications associated with use of these devices 
(106–111). These devices are usually inserted by interventional radiologists. 

The device has a port chamber with a titanium body and a silicone rubber septum (Fig. 
3). The catheter attached to the chamber is made of radiopaque soft polyurethane, has a 6 
Fr outer diameter, and is 76 cm in length (Pharmacia Deltec, St. Paul, MN, USA) (109). 
The device may be inserted into the upper arm or forearm (109,111) (Fig. 4). The 
imaging techniques used for insertion include venography, fluoroscopy, and 
ultrasonography. 

After insertion of the catheter into the brachial, basilic, or cephalic vein, a 
subcutaneous pocket is created for the P.A.S. port chamber in the arm. After connecting 
the catheter to the chamber and suturing the chamber into the pocket, the incision is 
closed (106–108,111). 

With the exception of one study (106), catheters have not been cultured for suspected 
catheter-associated infections. Signs of local inflammation in skin and soft tissues over 
the device have been recorded. Purulent drainage and purulent fluid in port pockets and 
blood have been cultured. Infections that occurred within 30 days after insertion were 
considered early infections and those that occurred after 30 days were considered late 
infections (107,108). Early infections were considered to be procedurally related and late 
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infections were considered to be due to breaks in technique during use or due to 
immunosuppression in the patients (107,108). 

The incidence rates of infectious complications associated with use of these devices 
have been consistently low in published studies. Published incidence rates range from 
0.29 infections per 1000 device-days to 0.8 infections per 1000 device-days (7,8,10–13). 
In one study, no infections were observed in 105 implanted devices (109). The mean 
times that the devices were indwelling ranged from 87.7 days to 258.3 days (8–12). 

In two studies, the authors also studied the complications of P.A.S. ports in patients 
with HIV infection (108,110). In this population, the incidence rates of infections 
complicating use of these devices was somewhat higher than rates in non-HIV patients 
with a range of 0.69 infections per 1000 device-days to 1.1 infections per 1000 device-
days. However, the rates in both non-HIV and HIV infected patients were quite low. 

The causative microorganisms of infections that complicate the use of these devices 
were similar to those that have been isolated from infections that complicated the use of 
other types of intravascular devices. Staphylococcus aureus has been recovered most 
frequently (107,110,111,113). Other isolates have included coagulase-negative 
staphylococci, Enterococcus species, Propionibacterium acnes, P. aeruginosa, A. 
antitratus, E. cloacae, Serratia liquefaciens, and C. albicans (107,110,111,113). 

 

 

Figure 3 P.A.S. port device with 
catheter attached. The chamber is 
made of titanium, the septum of 
silicone rubber, and the catheter of 
radiopaque polyurethane. 
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Figure 4 The typical position of the 
port in the upper extremity is shown in 
this line drawing. The black arrow 
shows the antecubital fossa and the 
open arrow shows the relationship of 
the catheter venous entry site to the 
port location. 

The advantages of arm ports over chest ports are that they are smaller and more 
concealed and tend to be much less of an undesirable external sign of severe disease to 
patients (112). Since they can be inserted by interventional radiologists in the radiology 
suite, same-day service is feasible and insertion in radiology is less expensive than 
insertion in the operating room. Further, pneumothorax and damage to vessels and nerves 
can be avoided (108,112). Another complication that can be avoided is catheter fracture 
between the clavicle and first rib (111). Finally, these devices can be used in patients with 
HIV infection with a low risk of device-associated infection (108,110). 

The disadvantages of arm ports include the smaller diaphragm, which is more difficult 
to access, requiring finer needles, and the finer needles, smaller nipple, and longer 
catheter result in a higher resistance to infusion. Thus, the arm ports are less suited for 
rapid or massive elfusions such as in the treatment of leukemia or administration of large 
volumes of parenteral nutrition fluids (113). 

E. Peripheral Parenteral Nutrition 

Although peripherally inserted central venous catheters are now being used to administer 
parenteral nutrition fluids [peripheral parenteral nutrition (PPN)], there are few published 
data on rates of infection that complicate this type of therapy. In a study of only nine 
patients receiving parenteral nutrition by PICCs, Stokes and Hill observed no infections 
and no thrombophlebitis (114). Nordenström and associates prospectively studied 142 
surgical patients receiving PPN and recorded the incidence and severity of infusion 
phlebitis, but did not assess the incidence, etiology, or risk factors for infections that 
complicate the administration of parenteral nutrition fluids by this route (115). They 
noted an overall incidence of phlebitis of 18%, but showed that the incidence of phlebitis 
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was significantly lower when a compounded mixture of fluids was administered 
compared to infusion of fluids from separate bottles. 

Alhimyary and coworkers studied 135 PICC lines inserted into 126 nonintensive care 
unit patients for PPN (116). They compared the outcomes in the latter patients with 105 
patients with 135 triple lumen central subclavian venous catheters with one port 
designated exclusively for the administration of TPN. Two catheter-related infections 
developed in the subclavian line group and in none of the patients with a PICC line. One 
patient in the subclavian catheter group developed a pneumothorax at the time of catheter 
placement. Three patients in the PICC group developed phlebitis. This is the largest study 
to date on the infectious complications of PPN. The results suggest that the risk of 
catheter-related infections is low when PICCs are used for infusion of parenteral nutrition 
fluids. 

Two of the latter studies show that delivery of parenteral nutrition fluids by PICCs is 
very effective in meeting the nutritional needs of patients (114,115). However, 
prospective, randomized controlled trials and prospective cohort studies analyzed using 
multivariable techniques are needed to better define the rates of complicating infections, 
etiologies of these infections, and risk factors for infections associated with delivery of 
parenteral nutrition fluids by this route. 

PREVENTION OF PHLEBITIS AND PERIPHERAL VENOUS 
CATHETER-RELATED INFECTIONS 

Phlebitis 

Catheter Materials 

In three prospective controlled studies (two randomized), the rate of aseptic phlebitis for 
polyurethane catheters versus Teflon catheters was lower, by 27 to 46% (2,5,11). Thus, it 
would appear that, when all other factors are equal, use of polyurethane catheters would 
provide the lowest risk of phlebitis. 

Rotation of Catheter Sites 

Previous recommendations that PVCs be rotated to a new site every 48 to 72 hours were 
based on an increase in risk of catheter-related infections when these devices remained in 
situ for longer than 48 to 72 hours. However, catheter-related infection rates for PVCs are 
currently so low that recommendations for rotation of sites in adults are now based on 
reducing the incidence of phlebitis (12,71,117). New recommendations from the Centers 
for Disease Control and Prevention (CDC) call for replacement of short peripheral 
venous catheters at least every 72–96 hours (117). Phlebitis is less of a problem in 
pediatric patients, and it does not appear necessary to rotate PVC sites in children 
(7,8,65,117). 
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Vein Selected for Cannulation 

For midline catheters and PICC lines, insertion into the basilic vein may be associated 
with significantly less thrombophlebitis and extravasation than insertion into the cephalic 
vein (118). 

Buffering Acidic Solutions 

As noted in the “Chemical Factors” Section, acidic solutions are associated with aseptic 
phlebitis. Several studies have shown that buffering acidic solutions substantially reduces 
the occurrence of phlebitis (17,21,119). 

Avoiding Use of Solutions with High Osmolarity 

As noted in the “Chemical Factors” Section, solutions with an osmolarity greater than 
600 mOsm/L are associated with a significant increase in phlebitis. This was noted to be 
particularly associated with infusion of amino acids and solutions with a high potassium 
content infused into small veins (23). It has been recommended that osmolarity be 
maintained below 600 mOsm/L, that very high concentrations of potassium be avoided, 
that infusions of such fluids not be administered by small veins, and that catheter 
insertion sites be rotated daily (23). 

Use of Transdermal Glyceryl Trinitrate 

It has been postulated that irritation of the endothelium of veins by insertion of cannulae 
causes venoconstriction and that this contributes to phlebitis. However, this mechanism 
of the pathogenesis of thrombophlebitis has recently been challenged by a study 
published by Everitt (120). He performed a study on the changes in caliber of veins 
caused by insertion of a fine-bore polyurethane catheter and infusion of a hypertonic, 
acidic nutritional emulsion. He used ultrasound to measure vein caliber. Vein caliber was 
measured at the point of catheter insertion and at the position of the catheter tip. Mean 
vein diameter was slightly greater at the point of venipuncture (not statisti-cally 
significant) and at the position of the catheter tip, where mean vein diameter was 
statistically significantly increased. Mean vein diameter was greater at both points on day 
seven, and on the final day of catheters that were removed for complications, the mean 
diameter at both points was significantly greater. This study strongly suggests that 
venoconstriction is not the pathogenetic mechanism for thrombophlebitis. 

In the past, based on the belief that venoconstriction caused thrombophlebitis, it was 
postulated that application of an agent close to the insertion site that would keep the vein 
dilated might reduce the incidence of phlebitis (121). Two randomized clinical trials in 
which glyceryl trinitrate, a vasodilator, was applied near the cannula insertion site 
showed a significant reduction in phlebitis compared to placebo (121,122). O’Brien and 
coworkers studied the cost-effectiveness of transdermal glyceryl trinitrate prophylaxis 
using a Markov process and concluded that such prophylaxis would be cost-effective for 
cannulae that remained in place for more than 50 hours (123). The only side effect noted 
with transdermal glyceryl trinitrate was headache easily managed with simple analgesics 
(122). While transdermal glyceryl trinitrate appears promising for prophylaxis of infusion 
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phlebitis, it is unclear what its mechanism of action is, given the study of Everitt (120). 
More studies on the mechanism of action, efficacy, safety, and cost-effectiveness of 
glyceryl trinitrate are needed before recommending that such prophylaxis be widely 
adopted. 

Inline Filtration of Infusion Fluids 

It has been postulated that particulate contamination of infusion fluids is an important 
cause of infusion phlebitis (24–26). However, randomized controlled clinical trials of 
inline filters have yielded conflicting results (24– 26,124). Given that inline filters have 
not been shown to be efficacious in the prevention of infusion phlebitis or infections 
associated with intravenous infusions, that certain drugs given in low doses may suffer a 
loss in potency as a result of filtration (125), and that inline filters add to the cost of 
infusion therapy, their routine use in infusion therapy cannot be recommended. Filters 
may be required for infusion of certain drugs, and filters should be used in accordance 
with pharmaceutical manufacturers’ recommendations. 

Catheter-Related Colonization and Infection 

Detailed recommendations for the prevention of PVC-related infections are provided in 
Table 2. Some of the most important aspects of prevention of infections that complicate 
the use of PVCs are discussed in more detail below. 

Catheter Selection 

Microorganisms adhere more avidly to polyethylene and polyvinyl chloride, and 
catheters constructed from these materials are associated with a higher  

Table 2 Recommendations for the Prevention of 
Peripheral Venous Catheter-Related Infections 

Recommendation Categorya 

Health care worker education and training   

A. Educate health care workers regarding the indications for intravascular 
catheter use, proper procedures for the insertion and maintenance of 
intravascular catheters, and appropriate infection-control measures to prevent 
intravascular catheter-related infections. 

IA 

B. Periodically assess knowledge of and adherence to guidelines for all persons 
who insert and manage intravascular catheters. 

IA 

I. 

C. Ensure appropriate nursing staff levels in ICUs to minimize the incidence of 
catheter-related bloodstream infections (CRBSIs). 

IB 

II. Surveillance   
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A. Monitor the catheter sites visually or by palpation through the intact dressing 
on a regular basis, depending on the clinical situation of individual patients. If 
patients have tenderness at the insertion site, fever without obvious source, or 
other manifestations suggesting local or bloodstream infection (BSI), the 
dressing should be removed to allow thorough examination of the site. 

IB 

B. Encourage patients to report to their health care provider any changes in their 
catheter site or any new discomfort. 

II 

C. Record the operator, date, and time of catheter insertion and removal, and 
dressing changes on a standardized form. 

II 

 

D. Do not routinely culture catheter tips. IA 

Hand hygiene   

A. Observe proper hand hygiene procedures, either by washing hands with 
conventional antiseptic-containing soap and water or with waterless alcohol-
based gels or foams. Observe hand hygiene before and after palpating catheter 
insertion sites, as well as before and after inserting, replacing, accessing, 
repairing, or dressing an intravascular catheter. Palpation of the insertion site 
should not be performed after the application of antiseptic, unless aseptic 
technique is maintained. 

IA 

III. 

B. Use of gloves does not obviate the need for hand hygiene. IA 

Aseptic technique during catheter insertion and care   IV. 

A. Maintain aseptic technique for the insertion and care of intravascular 
catheters. 

IA 

Recommendation Categorya 

Wear clean or sterile gloves when inserting an intravascular catheter as 
required by the Occupational Safety and Health Administration 
Bloodborne Pathogens Standard. 

IC B. 

Wearing clean gloves rather than sterile gloves is acceptable for the 
insertion of peripheral intravascular catheters if the access site is not 
touched after the application of skin antiseptics. Sterile gloves should be 
worn for the insertion of arterial and central venous catheters. 

IA 

  

C. Wear clean or sterile gloves when changing the dressing on intravascular 
catheters. 

IC 

V. Catheter insertion   

  Do not routinely use arterial or venous cutdown procedures as a method to 
insert catheters. 

IA 

Catheter site care   

Cutaneous antisepsis 

VI. 

A. 

1.  Disinfect clean skin with an appropriate antiseptic before catheter 
insertion and during dressing changes. Although a 2% chlorhexidine-
based preparation is preferred, tincture of iodine, an iodophor, or 70% 
alcohol can be used. 

IA 
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2.  No recommendation can be made for the use of chlorhexidine in infants 
aged <2 months. 

Unresolved 
issue 

3.  Allow the antiseptic to remain on the insertion site and to air dry before 
catheter insertion. Allow povidone-iodine to remain on the skin for at 
least two minutes, or longer if it is not yet dry before insertion. 

IB 

  

4.  Do not apply organic solvents (e.g., acetone and ether) to the skin 
before insertion of catheters or during dressing changes. 

IA 

Catheter-site dressing regimens   

A. Use either sterile gauze or sterile, transparent, semipermeable dressing to 
cover the catheter site. 

IA 

B. Tunneled CVC sites that are well-healed might not require dressings. II 

C. If the patient is diaphoretic, or if the site is bleeding or oozing, a gauze 
dressing is preferable to a transparent, semipermeable dressing. 

II 

D. Replace catheter-site dressing if the dressing becomes damp, loosened, or 
visibly soiled. 

IB 

VII. 

E. Change dressings at least weekly for adult and adolescent patients, 
depending on the circumstances of the individual patient. 

II 

Recommendation Categorya 

F. Do not use topical antibiotic ointment or creams on insertion sites (except 
when using dialysis catheters) because of their potential to promote fungal 
infections and antimicrobial resistance. 

IA   

G. Do not submerge the catheter under water. Showering should be permitted if 
precautions can be taken to reduce the likelihood of introducing organisms 
into the catheter (e.g., if the catheter and connecting device are protected 
with an impermeable cover during the shower). 

II 

Selection and replacement of intravascular catheters   

A. Select the catheter, insertion technique, and insertion site with the lowest 
risk for complications (infectious and noninfectious) for the anticipated type 
and duration of IV therapy. 

IA 

B. Promptly remove any intravascular catheter that is no longer essential. IA 

C. Do not routinely replace central venous or arterial catheters solely for the 
purposes of reducing the incidence of infection. 

IB 

D. Replace peripheral venous catheters at least every 72-96 hours in adults to 
prevent phlebitis (128). Leave peripheral venous catheters in place in 
children until IV therapy is completed, unless complications (e.g., phlebitis 
and infiltration) occur. 

IB 

VIII. 

E. When adherence to aseptic technique cannot be ensured (i.e., when catheters 
are inserted during a medical emergency), replace all catheters as soon as 
possible and after no longer than 48 hours. 

II 
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F. Use clinical judgment to determine when to replace a catheter that could be 
a source of infection (e.g., do not routinely replace catheters in patients 
whose only indication of infection is fever). Do not routinely replace venous 
catheters in patients who are bacteremic or fungemic if the source of 
infection is unlikely to be the catheter. 

II 

G. Replace any short-term CVC if purulence is observed at the insertion site, 
which indicates infection. 

IB 

H. Replace all CVCs if the patient is hemodynamically unstable and CRBSI is 
suspected. 

II 

 

I. Do not use guidewire techniques to replace catheters in patients suspected 
of having catheter-related infection. 

IB 

Replacement of administration setsb, needleless systems, and parenteral fluids   

Administration sets   

IX. 

A. 

1.  Replace administration sets, including secondary sets and add-on 
devices, no more frequently than 

IA 

Recommendation Categorya 

  at 72-hour intervals, unless catheter-related infection is suspected or 
documented. 

  

2.  Replace tubing used to administer blood, blood products, or lipid 
emulsions (those combined with amino acids and glucose in a 3-in-1 
admixture or infused separately) within 24 hours of initiating the 
infusion. 

IB  

  If the solution contains only dextrose and amino acids, the 
administration set does not need to be replaced more frequently than 
every 72 hours. 

II 

  

3.  Replace tubing used to administer propofol infusions every six or 12 
hours, depending on its use, per the manufacturer's recommendation. 

IA 

Needleless intravascular devices   

1.  Change the needleless components at least as frequently as the 
administration set. 

II 

2.  Change caps no more frequently than every 72 hours or according to 
manufacturers’ recommendations. 

II 

3.  Ensure that all components of the system are compatible to minimize 
leaks and breaks in the system. 

II 

B. 

4.  Minimize contamination risk by wiping the access port with an 
appropriate antiseptic and accessing the port only with sterile devices. 

IB 

Parenteral fluids   

  

C. 

1.  Complete the infusion of lipid-containing solutions (e.g., 3-in-1 
solutions) within 24 hours of hanging the solution. 

IB 
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2. Complete the infusion of lipid emulsions alone within 12 hours of 
hanging the emulsion. If volume considerations require more time, the 
infusion should be completed within 24 hours. 

IB 

3.  Complete infusions of blood or other blood products within four hours 
of hanging the blood. 

II 

  

4.  No recommendation can be made for the hang time of other parenteral 
fluids. 

Unresolved 
issue 

X. IV-injection ports   

A. Clean injection ports with 70% alcohol or an iodophor before accessing the 
system. 

IA   

B. Cap all stopcocks when not in use. IB 

XI. Preparation and quality control of IV admixtures   

  A. Admix all routine parenteral fluids in the pharmacy in a laminar-flow hood 
using aseptic technique. 

IB 

Recommendation Categorya 

B. Do not use any container of parenteral fluid that has visible turbidity, leaks, 
cracks, or particulate matter, or if the manufacturer's expiration date has 
passed. 

IB 

C. Use single-dose vials for parenteral additives or medications when possible. II 

D. Do not combine the leftover content of single-use vials for later use. IA 

If multidose vials are used   

1.  Refrigerate multidose vials after they are opened if recommended by 
the manufacturer. 

II 

2.  Cleanse the access diaphragm of multidose vials with 70% alcohol 
before inserting a device into the vial. 

IA 

3.  Use a sterile device to access a multidose vial and avoid touch 
contamination of the device before penetrating the access diaphragm. 

IA 

  

E. 

4.  Discard multidose vial if sterility is compromised. IA 

XII. Inline filters   

  Do not use filters routinely for infection-control purposes. IA 

XIII. IV-therapy personnel   

  Designate trained personnel for the insertion and maintenance of intravascular 
catheters. 

IA 

XIV. Prophylactic antimicrobials   

  Do not administer intranasal or systemic antimicrobial prophylaxis routinely 
before insertion or during use of an intravascular catheter to prevent catheter 
colonization or BSI. 

IA 
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Peripheral Venous Catheters, Including Midline Catheters, in Adult and Pediatric Patients 

I. Selection of peripheral catheter   

A. Select catheters on the basis of the intended purpose and duration of use, 
known complications (e.g., phlebitis and infiltration), and experience of 
individual catheter operators. 

IB 

B. Avoid the use of steel needles for the administration of fluids and 
medication that might cause tissue necrosis if extravasation occurs. 

IA 

  

C. Use a midline catheter or PICC when the duration of IV therapy will likely 
exceed six days. 

IB 

II. Selection of peripheral-catheter insertion site   

A. In adults, use an upper- instead of a lower-extremity site for catheter 
insertion. Replace a catheter inserted in a lower-extremity site to an upper-
extremity site as soon as possible. 

IA   

B. In pediatric patients, the hand, the dorsum of the foot, or the scalp can be 
used as the catheter insertion site. 

II 

Recommendation Categorya 

Replacement of catheter   

1.  Evaluate the catheter insertion site daily, by palpation through the dressing 
to discern tenderness and by inspection if a transparent dressing is in use. 
Gauze and opaque dressings should not be removed if the patient has no 
clinical signs of infection. If the patient has local tenderness or other signs 
of possible CRBSI, an opaque dressing should be removed and the site 
inspected visually. 

II 

2.  Remove peripheral venous catheters if the patient develops signs of 
phlebitis (e.g., warmth, tenderness, erythema, and palpable venous cord), 
infection, or a malfunctioning catheter. 

IB 

3.  In adults, replace short, peripheral venous catheters at least every 72–96 
hours to reduce the risk for phlebitis. If sites for venous access are limited 
and no evidence of phlebitis or infection is present, peripheral venous 
catheters can be left in place for longer periods, although the patient and 
the insertion sites should be closely monitored. 

IB 

4.  Do not routinely replace midline catheters to reduce the risk for infection. IB 

  C. 

5.  In pediatric patients, leave peripheral venous catheters in place until IV 
therapy is completed, unless a complication (e.g., phlebitis and 
infiltration) occurs. 

IB 

III. Catheter and catheter-site care   

  A. Do not routinely apply prophylactic topical antimicrobial or antiseptic 
ointment or cream to the insertion site of peripheral venous catheters. 

IA 

a As in previous guidelines issued by CDC and HICPAC, each recommendation is categorized on 
the existing scientific data, theoretical rationale, applicability, and economic impact. The CDC/ 
system for categorizing recommendations is as follows: 
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Category IA. Strongly recommended for implementation and strongly supported by well-designed 
experimental, clinical, or epidemiological studies. 
Category IB. Strongly recommended for implementation and supported by some experimental, 
clinical, or epidemiological studies, and a strong theoretical rationale. 
Category IC. Required by state or federal regulations, rules, or standards. 
Category II. Suggested for implementation and supported by suggestive clinical or epidemiological 
studies or a theoretical rationale. 
Unresolved Issue. Represents an unresolved issue for which evidence is insufficient or no 
consensus regarding efficacy exists. 
b Administration sets include the area from the spike of tubing entering the fluid container to the 
hub of access device. However, a short extension tube might be connected to the catheter and might 
a portion of the catheter to facilitate aseptic technique when changing administration sets. 
(Modified from Ref. 117.) 

rate of catheter colonization than are catheters made from Teflon and polyurethane 
(2,30,31). Thus, it would appear that use of polyurethane catheters in adults would 
provide the lowest rates of aseptic phlebitis (as noted in “Adults” under “Risk Factors for 
Phlebitis and Catheter-Site Colonization” Section) and catheter colonization (2,5,11). 
Data are insufficient on which catheters are most appropriate for use in children. 

Catheter Insertion 

Site of Insertion: For many years, it has been taught that in adults, PVCs should not be 
inserted into veins in the lower extremity, because PVCs in the lower extremity are at a 
higher risk of infection than those inserted into the upper extremity. It would appear that 
concern for a higher risk of infection for PVCs inserted into the lower extremity is based 
on anecdotal reports published 42–44 years ago (126–128). There are no prospective 
observational cohort studies or randomized clinical trials to support a higher risk of 
infection for PVCs inserted into the lower extremity. As will be noted in Table 2, the 
CDC’s new guidelines on prevention of intravascular device-related infections still 
recommend the upper extremity as the preferred site for insertion of PVCs in adults. 
Antiseptic Preparation of the Site: Short peripheral venous catheters should be inserted 
using aseptic no-touch technique after application of an antiseptic to the skin overlying 
the vein to be cannulated. There are few published data on which to base selection of an 
antiseptic for preparation of the skin prior to insertion of the catheter. It would appear that 
tincture of iodine is more effective than an iodophor for skin preparation prior to 
venipuncture to obtain blood for culture (129), but this does not necessarily translate to 
greater effectiveness than an iodophor for skin preparation prior to cannulation of a vein. 
The only randomized controlled trial of antiseptics used for skin preparation prior to 
insertion of an intravascular catheter was published by Maki and colleagues (47). 
However, this was a study of central venous and arterial catheters, and it may not be 
possible to extrapolate these findings to PVCs. The authors showed that 2% aqueous 
chlorhexidine gluconate was significantly more effective than 70% isopropyl alcohol and 
10% povidone-iodine solution in preventing catheter-related infection and catheter-
related bacteremias. In the absence of studies on antisepsis for the insertion of PVCs in 
adults, it is reasonable to conclude that 2% aqueous chlorhexidine gluconate may be the 
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antiseptic of choice, pending publication of randomized clinical trials on antiseptics for 
preparation of PVC insertion sites. 

Garland and associates carried out a prospective, nonrandomized study of successive 
cohorts of neonates. During the first six months, 10% povidone-iodine was used for skin 
preparation at PVC insertion sites, followed by use of 0.5% chlorhexidine gluconate in 
70% isopropyl alcohol for the next six months (130). The rate of catheter colonization 
was 9.3% with povidone-iodine and 4.7% with 0.5% chlorhexidine gluconate in 70% 
isopropyl alcohol (p=0.01). Using logistical regression, the authors showed that 0.5% 
chlorhexidine gluconate in 70% isopropyl alcohol was significantly better than 10% 
povidone-iodine and that heavy skin colonization before catheter insertion was a risk 
factor for catheter colonization. 

There are no published data on the efficacy of procedures for insertion of midline 
catheters or PICCs. For insertion of midline catheters, Mermel and coworkers cleansed 
the insertion site with povidone-iodine, followed by 70% ethyl alcohol and then 
povidone-iodine again. The insertion site was draped with large, sterile sheet drapes, and 
the operator wore a mask and sterile gloves (89). 

The procedure for insertion of PICCs varies from center to center. The site has usually 
been prepped with povidone-iodine (95,100), and masks may be worn (95,98). All reports 
mentioned that the operator wore sterile gloves (95,96,98,100). 

Device Securement 

There are few published data on how intravascular catheters should be secured. In a 
randomized controlled trial, Yamamoto and colleagues studied the efficacy of a new 
device designed to anchor PICCs and other central venous catheters (131). Eighty-five 
patients were randomized to receive a new device to anchor their PICC, and 85 were 
randomized to have their PICC secured with a suture. The new device (StatLock® 
[Venetec International, San Diego, CA]) is sutureless and has an adhesive on the back 
side, which is applied to the skin. Catheter-related bloodstream infections were diagnosed 
using CDC definitions. The patients randomized to the sutureless, adhesive-backed 
device had significantly fewer systemic infections than the patients whose PICC was 
secured with a suture. Although it is unknown how the sutureless, adhesive-backed 
securement device reduces catheter-related systemic infections, it is postulated that a 
suture at the insertion site promotes bacterial colonization of the site (131). 

Application of Topical Antimicrobial Ointments to the Insertion Site 

Application of an antimicrobial ointment to the site where the catheter penetrates the skin 
is based on the most important pathogenetic mechanism for catheter site colonization and 
infection. Thus, theoretically, it would be expected that a topical antimicrobial agent 
applied at the entrance to the subcutaneous catheter tract might block the migration of 
microorganisms into the tract and reduce the risk of colonization and infection. However, 
this approach to prevention of infection has generally been disappointing. Moran and 
coworkers conducted the first randomized controlled trial of topical antibiotic 
prophylaxis 37 years ago (132). They observed a significant protective effect of a topical 
preparation containing neomycin, polymyxin, and bacitracin applied to venous cutdown 
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sites. Two randomized controlled trials of percutaneously inserted catheters by Norden 
(133) and Zinner and associates (134) in the 1960s using a topical preparation of 
polymyxin B, neomycin and bacitracin yielded equivocal results. Colonization/infection 
rates with pathogens were the same for the topical antibiotic and placebo groups, but 
colonization/infection with pathogens developed more slowly in the antibiotic group 
(133), or catheters in the antibiotic group were colonized with fewer pathogens (134). In 
both studies, yeasts were recovered only from catheters to which the topical antibiotics 
had been applied. 

In a randomized clinical trial, Maki and Band compared the prophylactic effects of 
polymyxin, neomycin, bacitracin (PNB) ointment, and an iodophor ointment with no 
ointment (135). These authors observed a significant (but what they interpreted as a 
marginal effect) reduction in catheter-related infections in the PNB group compared to 
the group who received no ointment. The iodophor ointment did not provide a significant 
protective effect compared to the group without ointment, and neither PNB nor the 
iodophor ointment reduced the incidence of catheter-related bacteremia. The maximum 
protective effect of PNB was seen with catheters that remained in place for more than 
four days. Three of four Candida infections, including one septicemia, occurred in the 
PNB group. 

Topical antimicrobial agents applied to catheter insertion sites appear to provide only 
marginal protection against bacteria and may increase the risk of infections due to yeasts. 
If topical antimicrobial agents have any role in the prevention of PVC colonization or 
catheter-related infection, it may be for catheters that remain in place for more than four 
days. 

Catheter Site Dressings 

The catheter insertion site should be covered with a sterile dressing after catheter 
placement. The dressings applied usually consist of sterile gauze covered with adhesive 
tape or a polyurethane film. Gauze and tape dressings act as a partial barrier to 
contamination and permit escape of moisture so that the catheter site remains dry. 
However, gauze and tape dressings are not impermeable to external moisture and require 
removal for inspection of the catheter insertion site. On the other hand, polyurethane film 
dressings are impermeable to moisture from external sources and permit patients to 
shower without removing the dressing or risking contamination of the site, and they allow 
for inspection of the catheter site without removing the dressing because they are 
transparent. A potential disadvantage of polyurethane film dressings is that, due to their 
impermeability, they may trap moisture under the dressing at the catheter insertion site 
and provide a moist occluded environment conducive to multiplication of 
microorganisms. 

Two controlled trials, one randomized (136) and one nonrandomized (137), from the 
mid 1980s showed a significantly increased rate of catheter colonization for PVCs 
covered with a polyurethane dressing when compared to gauze dressings. In neither study 
did catheter colonization correlate with phlebitis, and Craven and colleagues observed no 
difference in the incidence of bacteremia between patients with gauze dressings and those 
with polyurethane dressings (136). In a meta-analysis that included seven studies, 
Hoffmann and associates found a significant increase in catheter colonization for PVCs 
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dressed with polyurethane film when compared with those dressed with gauze, but there 
was no difference in the incidence of bacteremia related to the type of dressingused 
(138). 

Other studies have shown no difference in catheter colonization between polyurethane 
film and gauze dressings. Hoffmann and coworkers performed a randomized controlled 
trial of polyurethane film versus gauze dressings applied to PVC sites (139). They 
randomized 300 patients to the polyurethane group and 298 to the gauze group. No 
differences in catheter colonization or catheter-related bacteremia were observed. In the 
largest randomized clinical trial of dressings applied to PVC sites published to date, Maki 
and Ringer randomized 2088 patients to one of four groups: (a) sterile gauze replaced 
every other day, (b) gauze left in place for the duration of catheterization, (c) 
polyurethane film left on for the lifetime of the catheter, and (d) an iodophortransparent 
dressing also left on for the lifetime of the catheter (12). There was no difference in rates 
of catheter colonization between the dressing groups. None of these catheters were 
associated with bacteremia. This very large, well-designed, and well-executed controlled 
trial offers convincing evidence that polyurethane film dressings are as safe as gauze and 
tape dressings and that none of these dressings need to be routinely replaced during the 
lifetime of the catheter. This will likely hold true for the future with the introduction of 
new polyurethane films that are more permeable to moisture and that reduce the 
accumulation of moisture under the dressing (140). 

Maintenance of the Catheter and Infusion System 

Given the findings of Maki and Ringer noted above and the absence of data to support 
routine dressing changes as an infection control measure for PVCs, it would appear that 
such routine changes need not be done. In accordance with the CDC Guidelines on 
Intravascular Device-Related Infections Prevention (117), the catheter site should be 
assessed on a regular basis by visually inspecting or palpating the catheter insertion site 
for tenderness through the intact dressing. The site should be visually inspected if the 
patient develops tenderness at the insertion site, fever without an obvious source, or 
symptoms of local or bloodstream infection. The dressing should be replaced if it 
becomes damp, loosened, or visibly soiled. In the most recent CDC guidelines, it is 
recommended that dressings be changed at least weekly for adult and adolescent patients, 
depending on the circumstances of the individual patient (117). It may be necessary to 
change dressings more frequently in diaphoretic patients. 

PVCs should be removed and inserted at a new site every 72 to 96 hours, not to 
prevent catheter colonization or catheter-related infection, but to reduce the incidence of 
phlebitis (117). Since intravenous administration sets may be left in place at least 72 
hours (117,141–143), it may be convenient to change the catheter and administration set 
at the same time. 

Specialized Intravenous Therapy Personnel 

Two nonrandomized studies using historical controls have shown that when specially 
trained personnel were used to maintain central venous catheter sites, there was a 
substantially lower rate of catheter-related infections than when catheter sites were 
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maintained by personnel without special training (144,145). One nonrandomized 
controlled trial using an intravenous therapy team versus residents and ward nurses to 
insert and care for PVCs has been published (3). There was a significantly reduced rate of 
phlebitis and the rates of cellulitis and septic thrombophlebitis were reduced tenfold for 
catheters inserted and maintained by the intravenous therapy team. However, before 
intravenous therapy teams can be recommended for prevention of catheter-related 
infections, randomized controlled clinical trials that assess both the efficacy and cost of 
such programs must be carried out. 
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PA PULMONARY ARTERY CATHETERS 

Introduction 

Balloon-tipped pulmonary artery (PA) catheters have come into widespread use since 
their inception in the early 1970s (1). On average, 16.1% of patients in U.S. intensive 
care units (ICUs) have PA catheters at some time during their ICU stay (range <0.1% to 
40.5% for patients in neonatal and surgical ICUs, respectively (2)). More than one 
million PA catheters are sold in the United States each year and the annual cost 
associated with their use exceeds $2 billion per year (3). Nevertheless, controversy 
surrounds the utility and safety of this device. An uncontrolled, observational study 
suggested that PA catheter use was associated with increased mortality and cost (4). This 
finding prompted a consensus conference, which suggested that based on the available 
literature, use of PA catheters improves outcomes in many clinical scenarios; however, 
uncertainty remains in its use for many conditions. The complex and unique features of 
the PA catheter present challenges to the user of this device unlike any other catheter 
used in caring for critically ill patients (5). Not surprisingly, the consensus panel 
suggested that clinician knowledge about PA catheter use and complications needs to be 
improved upon (6). More recently, a meta-analysis of randomized, controlled trials 
revealed that PA catheter-guided strategies to care for patients led to a significant 
reduction in morbidity (7).  

In this chapter, we review the incidence and pathogenesis of PA catheter-related 
infections, risk factors associated with their occurrence, and recommendations for the 
treatment and prevention of such infections. 

 



Features of the Catheter 

PA catheters are among the most complex intravascular devices used in clinical 
medicine, consisting of a polyvinyl chloride or polyurethane catheter, which is placed 
through a percutaneous, indwelling Teflon introducer into a central great vein, through 
the right side of the heart, and into the pulmonary artery (Fig. 1). Most PA catheters are 
inserted into the subclavian or internal jugular vein and, far less frequently, into a femoral 
vein. One of the catheter lumens is used to inflate a balloon on the catheter tip. This 
allows the catheter to float in the bloodstream and occlude a small pulmonary artery for 
measurement of a wedged PA or left-atrial pressure. Two additional lumina of the 
catheter are attached to transducers, permitting continuous pressure monitoring within the 
pulmonary artery (PA lumen) and the cannulated central vein (CVP lumen) and 
measurement of the PA occlusive (wedge) pressure when the balloon is inflated. A 
protective plastic sleeve is usually attached to the end of the introducer covering the 
extravascular portion of the catheter, allowing the PA catheter to be advanced or pulled 
back without incurring touch contamination. Pressurized bags of heparin-containing flush 
solution are attached to the PA and CVP lumens and each is connected to a chamber 
dome, which interfaces with an electromechanical transducer and a continuous-flow 
device. 

Incidence of Infection 

Many prospective studies have addressed the incidence of PA catheter-related infection 
(8–36). Cultures of introducers, in addition to PA catheter segments, were systematically 
performed in several large studies (28,30,32,36,37). In two of these studies (30,37), 
cultures of all potential sources of infection were done and molecular subtyping 
techniques were used to reliably determine concordance among the isolates. Table 1 
summarizes the results of 16 prospective studies in which cultures of at least 75 PA 
catheters were tested, and rates of catheter-related bloodstream infections were reported. 
In those prospective studies using semiquantitative (20,23–25,27–32,37) or quantitative 
catheter  
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Figure 1 Schematic of a Swan-Ganz 
catheter placed through a Teflon 
introducer sheath, with an external 
protective plastic sleeve over the 
extravascular portion of the pulmonary 
artery (PA) catheter. Note: Some PA 
catheters do not have the injection port 
depicted. (From Ref. 5.) 

culture methods (26,35,36), 2.3 to 47.3% of PA catheters or introducers were colonized 
(weighted mean 17.0% [95% CI 16.4–17.5%] and median 14.2% incidence of catheter 
colonization, respectively). From these studies, the incidence of catheter-related 
bloodstream infection ranged from 0 to 5.3%. The weighted mean and median incidence 
of catheter-related bloodstream infection was 1.6 [95% CI 1.5–1.6%] and 0.8%, 
respectively. The incidence of PA catheter-related bloodstream infection is substantially 
lower than that reported for other types of short-term, noncuffed central venous catheters 
used in the same patient population (39). Many of the prospective studies of PA catheters 
may have underestimated the true incidence of PA catheter-related bloodstream infection 
since routine cultures of introducers, hubs, and infusate were not done. 
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Microbial Profile 

Coagulase-negative staphylococci, predominantly Staphylococcus epidermidis, are the 
most common pathogens associated with PA catheter infection. Of the episodes of PA 
catheter colonization and bloodstream infection  

Table 1 Incidence of Swan-Ganz Pulmonary Artery 
Catheter-Related Infection 

Study Catheter 
(n) 

Where 
most 

catheters 
inserted

Catheterization 
(mean days) 

Catheter 
culture 
method

Catheter 
colonized 

(%) 

Catheter-
related 

bloodstream 
infection 

(%) 

(Per 
1000 

catheter-
days) 

Elliot et 
al. (9) 

116 ICU 4 Broth 63.7 1.7 3.9 

Michel 
et al. 
(19) 

153 OR 4 Broth 19.0 0 0 

Kaye et 
al. (20) 

133 ICU NR SQ 9.8 2.3 NR 

Groeger 
et al. 
(21) 

76 ICU 3 NRa 26.3 3.9 13.2 

Richard 
et al. 
(22) 

109 OR 2 SQ 8.3 0 0 

Parsa et 
al. (23) 

90 ICU NR SQ NR 1.1 NR 

Damen 
et al. 
(24) 

794 OR 1 SQ 2.3 0 0 

Damen 
and Van 
Der 
Twell 
(25) 

123 OR 1 SQ 10.6 0 0 

Heard et 
al. (26) 

87 ICU NR QS 18.0 5.3 NR 

Fisher et 
al. (27) 

169 NR 4 SQ 14.2 2.3 8.4 

Eyer et 
al. (28) 

156 ICU 6 SQa 5.9 4.6 6.9 

Horowitz 158 ICU 3 SQ 29.1 2.5 8.0 
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et al. 
(29) 

Mermel 
et al. 
(30) 

297 OR 3 SQa 21.9 0.7 2.3 

Bach et 
al. (31) 

159 OR 2 SQ 5.0 0 0 

Bull et 
al. (32) 

241 OR 2 SQa 47.3 0.8 NR 

Maki et 
al. (37) 

442 OR 3 SQa 21.7 1.1 3.6 

Cohen et 
al. (38) 

166 ICU 4 SQ 16.9 4.8 NR 

Blot et 
al. (36) 

79 ICU 3 QV 8.9 0 0 

Kac et 
al. (35) 

164 OR 6 QV 11.6 0.6 0.9 

Abbreviations: Broth=qualitatively, by immersion in liquid medium; SQ=semiquantitative roll plate; 
QS=quantitative by sonication; QV= quantitative by vortex method; ICU=intensive care unit; 
OR=operating room; NR=not reported. 
a Introducer sheaths and the catheters were cultured. Hubs and infusate from each lumen of the 
introducer sheath and PA catheter were cultured, and molecular subtyping was done to confirm true 
device-related bloodstream infection. 
(From Ref. 5.) 

reported in the literature, 56 and 37%, respectively, were due to coagulase-negative 
staphylococci; 19 and 11%, respectively, were due to enteric gram-negative bacilli; 7 and 
16%, respectively, were due to Candida; and 5 and 26%, respectively, were due to 
Staphylococcus aureus. Candida and S. aureus each account for a higher percentage of 
PA catheter-related bloodstream infections than catheter colonization, reflecting their 
greater pathogenicity (Fig. 2). 

Risk Factors 

Multivariate analysis has been used to identify independent risk factors exclusively for 
PA catheter-associated infection (25,30,33,35). Use of these catheters in patients under 
one year of age and for three or more days in children, placement with lesser barrier 
precautions [relative risk (RR) 2.1], placement in internal jugular rather than subclavian 
vein (RR 4.3), heavy cutaneous colonization of the insertion site (RR 5.5), and 
catheterization longer than three (RR 3.8), four [odds ratio (OR) 9.8], or five days (OR 
14.4), have each been found to be independent predictors of an increased risk of catheter 
colonization. Antibiotic use is associated with reduced risk (OR 0.23). In combined 
studies of central venous and PA catheters using multivariate analysis (40–43), the 

Infectious Complications of PA     337



following risk factors were associated with catheter-related infection: bacteremia or 
candidemia originating from another site of infec- 

 

Figure 2 Microbial profile of Swan-
Ganz catherer-related infection—local 
(catheter colonization) and 
bloodstream infection based on pooled 
data from 14 prospective studies 
providing complete microbiological 
data on all infected catheters. (From 
Ref. 5.) 

tion; heavy colonization of the insertion site or hub; catheterization exceeding four or 
seven days; difficult catheter insertion; second catheterization; internal jugular vein 
cannulation; use of polyurethane transparent dressing; patients in a coronary care unit or 
on the surgery service. Based on this information, physicians should rigorously assess the 
need for PA catheters each day with the intent of removing the device as soon as it is no 
longer absolutely necessary for care of a patient. The catheter should be inserted with full 
barrier precautions, ideally in the subclavian rather than the internal jugular site. 

Colonization of the Insertion Site 

A number of prospective studies of PA and central venous catheters have found heavy 
colonization of the insertion site to be an independent risk factor of catheter-related 
infection (30,40,42–45). Therefore, prevention of PA catheter-related infection requires 
interventions that lead to the greatest reduction in microbial colonization of the insertion 
site. 
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Site of Insertion 

Insertion of a PA catheter in an internal jugular vein rather than a subclavian vein is 
independently associated with a significantly increased risk of infection (30). This may 
be due to heavier cutaneous colonization (46), greater potential for contamination by 
respiratory secretions (47), and greater difficulty maintaining a catheter dressing on an 
internal jugular vein insertion site. Thus, placement of central venous and PA catheters in 
a subclavian vein rather than an internal jugular vein is preferable in patients who are not 
at increased risk of mechanical complications such as bleeding, or pneumothorax. 

Skill of the Inserter 

The experience of the inserter has not been found to be a risk factor for PA catheter-
related infection, but few studies have adequately examined this risk factor (33,48). 
Difficult catheter insertion requiring three or more punctures has been associated with a 
15-fold increase in the risk of central venous and PA catheter infection (40). After three 
unsuccessful attempts, we believe that another, more experienced individual should try to 
insert the catheter. 

Barrier Precautions 

Use of maximal barrier precautions—sterile gloves, a long-sleeved surgical gown, a 
surgical mask and hat, and a large sterile sheet drape—in contrast to using only sterile 
gloves, a surgical mask, and a small fenestrated drape—is associated with a twofold 
reduction in the risk of PA catheter-related colonization (30). In another prospective 
study, wearing a sterile gown, in addition to a mask, hat, and gloves, and applying a 
cutaneous antiseptic for five minutes, led to a threefold reduction in PA catheter 
colonization compared to catheters inserted by clinicians not wearing a gown and 
spending less time preparing the insertion site (32). Maximal barrier precautions during 
central venous catheter insertion has been shown to reduce the incidence of catheter-
related bloodstream infection fivefold (49,50). Based on these findings, maximal barrier 
precautions should be the standard of care during insertion of all central venous catheters, 
including PA catheters. 

Guide Wires 

In one prospective study including PA catheters, patients were randomized to one of three 
groups: catheter exchange every seven days over a guide wire; catheter removal and 
insertion of a new catheter every seven days; or no routine catheter change (28). There 
was no significant difference in the incidence of catheter-related bloodstream infection or 
colonization among the three groups. A more recent prospective, randomized trial of 
central venous and PA catheters found nearly a twofold increase in the incidence of 
catheter-related bloodstream infection with catheters placed at an old site over a guide 
wire (51); however, guide wire exchange reduced the risk of mechanical complications. 
We believe that PA catheters should not be routinely replaced over a guide wire, but that 
if it is considered necessary to do so because of limited sites for access, the inserter 
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should done a new set of sterile gloves after removing the old catheter and insert the new 
one over a guide wire, and cultures of the old catheter should always be done. 

Duration of Catheterization 

Most prospective studies of PA catheters using univariate analysis have shown that the 
risk of infection increases with the duration of catheterization 
(8,19,20,26,30,34,40,52,53), but not all investigations have found such an association 
(9,14,16,28,54). Three studies using multivariate analysis found a strong association 
between prolonged catheterization and an increased risk of PA catheter colonization 
(25,30,33). The actuarial risk of PA catheter-related bloodstream infection is low during 
the first four days, but rises sharply thereafter (9,20,30,37) (Fig. 3). As noted above, 
studies using multivariate analysis have shown that the risk of catheter colonization rises 
sharply beyond three days (RR or OR for three, four, and five days of catheterization 
=3.8, 9.8, and 14.4, respectively). These data suggest that a PA catheter should ideally be 
removed within three days unless there are extenuating circumstances. In two prospective 
studies, central venous and PA catheters were randomized to regularly scheduled 
replacement at three days (51) or seven days (28) versus no routine replacement. In both 
studies, the incidence of catheter colonization and bloodstream infection was not 
significantly different in the two populations. In a meta-analysis, routine catheter 
replacement at set intervals was not associated with a reduced risk of central venous 
catheter infection (55) and routine PA catheter replacement is not recommended. 

 

Figure 3 Relationship between the 
duration of Swan-Ganz catheterization 
and the actuarial risk of catheter-
related bloodstream infection, based on 
pooled data (988 catheters) from four 
prospective studies (9,20,30,37). 
(From Ref. 5.) 
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Dressings 

The importance of the cutaneous microflora in the pathogenesis of vascular catheter-
related infection (5) suggests that the dressing applied to the insertion site could have an 
important effect on the risk of infection. There have been three large prospective, 
randomized trials of polyurethane dressings compared with gauze dressings used to cover 
PA catheter insertion sites (22,37,56); none found a significant difference in the incidence 
of catheter-related infection. The largest trial found no increased risk of catheter 
colonization or bloodstream infection when two types of polyurethane dressings, changed 
every five days, were compared to gauze dressing changed every other day (37). These 
data suggest that polyurethane dressings may be used safely to cover the site of PA 
catheter insertion. However, if blood is oozing from the insertion site, a gauze dressing 
should be used until this resolves (56). 

Heparin-Bonded Catheters 

Heparin is bonded to the external surface of PA catheters in an effort to reduce 
thrombosis on a catheter surface during the early period after insertion (57). Because the 
benzalkonium chloride used to bond heparin has intrinsic antimicrobial activity, heparin-
bonded PA catheters exhibit surface activity against a wide range of microbial pathogens, 
including Candida albicans (58). An analysis of prospective studies of PA catheter-
related infection suggests that heparin bonding with benzalkonium chloride reduces the 
risk of infection (Table 2). A recent study using electron microscopy found thrombus 
formation and platelet aggregation on PA catheter balloon tips, but not the catheter shafts, 
as soon as 24 hours after insertion, despite heparin-bonding of the catheters (59). Thus, 
the currently marketed heparin-bonded PA catheters in  

Table 2 Rates of Catheter-Related Bloodstream 
Infection Found in Prospective Studies of Heparin-
Bonded and Nonheparin-Bonded Pulmonary Artery 
Catheters 

  Heparin-bonded 
catheters 

Nonbonded 
catheters 

Studies (n) 3 3 

Total catheters studied (n) 1260 341 

Catheter-related bacteremia per 100 
catheters 

    

Mean 1.0 2.8 

Range 0–2.3 0–4.6 

Per 1000 catheter-days     

Mean 3.6 6.7 

Range 0–8.4 0–13.2 
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(From Ref. 58.) 

the United States may well have little impact on thrombus formation at the tip of the 
catheter. This is important since thrombus formation increases the risk of catheter 
infection (60). Lastly, these catheters should not be used in patients with heparin-induced 
thrombocytopenia (61). 

Other Risk Factors 

Three studies have found an increased risk of PA catheter-related infection in patients 
with a remote focus of infection during catheterization (14,19,26). Two studies found that 
administration of total parenteral nutrition through PA catheters did not increase the risk 
of catheter-related infection (29,30), and in one study, steroid use was associated with PA 
catheter-related infection (26). 

Sources of Infection 

There are numerous microbial reservoirs from which pathogens may gain access to a 
catheterized patient’s bloodstream (Fig. 1): skin flora at the insertion site can invade the 
transcutaneous tract and colonize the introducer and PA catheter extraluminally; 
microbes colonizing any of the three PA catheter hubs or the introducer hub can enter the 
catheter lumen during hub manipulation and contaminate the infusate, or the infusate may 
become contaminated by the manufacturer or during preparation in the hospital prior to 
use; microbes from the hands of health-care workers can also contaminate the 
extravascular portion of the PA catheter and gain access when the catheter is advanced 
through the introducer when repositioned; and the intravascular portion of the introducer 
or PA catheter may become colonized hematogenously from a distant focus of infection. 

Two small studies have demonstrated concordance among isolates from the introducer 
and PA catheter tip (15,21). Such concordance was demon-strated in all three cases of PA 
catheter-related bloodstream infection in one of the studies (21). Combining the results of 
two larger and more recent studies (35,62), there were 31 instances where the PA catheter 
or introducer had significant catheter colonization. In these studies, there were 17 
instances where both the PA and introducer segments had significant growth, 11 
instances where only the introducer segment had significant growth, and three instances 
where only the PA catheter segment had significant growth. Therefore, culturing both the 
PA catheter and introducer is important to maximize the yield of catheter cultures. 

Two studies found occasional low-level contamination of injectate used for cardiac 
output measurements, usually with coagulase-negative staphylococci (12,16). This was 
not associated with PA catheter colonization or bloodstream infection. 

A number of investigators (15,16,21,26,30,37,63–66) have demonstrated low-level 
contamination of the extravascular portion of the PA catheter inside the external 
protective plastic sleeve (mean frequency of contamination, 9%). Concordance with 
colonized PA catheters, however, was uncommon, and concordance with bloodstream 
infection was rare (21,64). One randomized trial of these sleeves paradoxically found a 
slightly higher rate of catheter-related bloodstream infection among patients whose 
catheters were maintained with a sleeve rather than without one (21). This may have been 
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due to greater manipulation of the catheters with protective sleeves. Another study found 
no significant difference in colonization of PA catheters protected or unprotected by a 
sleeve (48); however, the mean duration of catheterization was only one day, and there 
were no bloodstream infections. In the most recent large, prospective, randomized 
clinical trial (38), a dramatic reduction in bloodstream infections was associated with the 
use of protective sleeves in PA catheters left in situ for an average of 3.5 days (10.2 and 
0% without and with the protective sleeve, respectively [p<0.002]). Use of protective 
sleeves over PA catheters should now be the standard of care. 

There are conflicting data regarding the risk of seeding an introducer or PA catheter 
hematogenously from a distant focus of infection. Hematogenous seeding of PA catheters 
or introducers was demonstrated in all seven exposed catheters in one study (12) and in 
seven of nine exposed catheters in another (21). However, most investigators have found 
hematogenous seeding of introducer or PA catheters to be infrequent (16,17,30,37,55). 
This variability may reflect differences in the pathogens involved and types of infection 
seen in these investigations. 

Conclusively demonstrating the source of microbes causing PA catheter-related 
bloodstream infection requires obtaining cultures from all potential sources of infection 
and utilizing molecular fingerprinting techniques to unequivocally determine 
concordance among isolates. In a prospective study of 297 PA catheters (30), 
colonization was found among 58 introducers and 20 PA catheters, and there were two 
cases of catheter-related bloodstream infection. Seventeen of the 20 colonized PA 
catheters had concordant growth on the introducer. Using molecular subtyping, 80% of 
colonized catheters had concordant growth with organisms isolated from the insertion 
site, 17% with contaminated hubs, and 19% with organisms found on the extravascular 
portion of the PA catheter within the protective sleeve. Isolates from colonized PA 
catheters were most likely to show concordance with colonized introducer (71%). Only 
two of the 38 catheters exposed to bloodstream infection originating from a remote focus 
of infection became colonized hematogenously. In another study using molecular 
subtyping of clinical isolates, 5 of 442 PA catheters were associated with bloodstream 
infection (37). 

All seven cases of PA catheter-associated bloodstream infections in which molecular 
fingerprinting was employed were associated with concordant growth of the introducer, 
whereas only three had concordant growth of the PA catheter segment itself (30,37). In 
each case, the introducer had been in place for at least five days. Since most clinicians 
use an introducer, it is the only point of contact between a catheter segment and skin at 
the insertion site. Based on this data, microbial pathogens appear to migrate 
extraluminally along the transcutaneous tract of the introducer, but in only an occasional 
case do they migrate distally to the PA catheter itself and cause bloodstream infection. 
Contamination of the introducer with skin flora during insertion may also be responsible 
for the strong association between introducer colonization and bloodstream infection. 
Frequent manipulation of the introducer hub also contributes to the association between 
introducer colonization and PA catheter-related bloodstream infection. Four of the seven 
bloodstream infections were associated with concordant growth at the insertion site, and 
an equal number involved concordant growth at the catheter hub. Two of the seven PA 
catheter-related bloodstream infections involved contaminated infusate; however, 
infusate specimens were obtained only at the time of catheter removal, and this may 
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underestimate the incidence of infusate contamination and the potential importance of 
this source of bloodstream infection. The extravascular portion of the PA catheter under 
the protective sleeve was colonized with concordant growth of organisms in one case of 
PA catheter-related bloodstream infection. Therefore, despite the advent of this 
technologic advance, PA catheter colonization underneath the protective sleeve may still 
occur, with serious consequences. Hematogenous seeding of the PA catheter was 
demonstrated in only one of the seven cases of PA catheter-related bloodstream 
infections. Although this supports most of the earlier studies, which did not employ 
molecular fingerprinting, lower thresholds to collect blood cultures by some clinicians 
may have led to an underestimation of this association. 

In summary, it appears that the insertion site and the catheter hub are equally 
important sources of the microbes causing most serious PA catheter-related infections. 
The introducer, rather than the PA catheter itself, is the throughway for most pathogens 
invading the bloodstream. This likely reflects the fact that the introducer, not the PA 
catheter, is in direct contact with the skin. 

Epidemics 

Although there have been at least 28 epidemics of nosocomial sepsis associated with 
arterial pressure monitoring (67–71), few were traced to hemodynamic monitoring with 
PA catheters. In one outbreak, five cases of PA catheter-related Enterobacter bacteremia 
were traced to failure of chemical disinfection involving reusable plastic chamber domes 
in the monitoring circuit (72). The essential steps in dealing with a nosocomial epidemic 
of bloodstream infection have been outlined elsewhere (73) and should be followed if this 
is suspected. 

Pathogenesis 

After PA catheter insertion, microbial pathogens colonizing the insertion site or hub can 
quickly migrate toward the catheter tip and into the bloodstream (74,75). In some 
instances, extensive biofilm can be seen covering the PA catheter surface 24 hours after 
insertion and, in half of PA catheters, at the time of removal (17). The biofilm consists of 
a bacterial polysaccharide glycocalyx slime substance, host-derived proteins, and 
platelets. Bacterial adhesins promote attachment to intravascular catheters (76). Platelets 
and thrombus can be found on the balloon of PA catheters as soon as 24 hours after 
catheter insertion (59). Catheter-associated thrombus is associated with an increased risk 
of infection (60,77,78) since platelets and host-derived proteins—fibronectin, 
thrombospondin, vitronectin, and Von Willibrand’s factor—enhance binding of microbial 
pathogens, such as S. aureus, to the catheter surface (79–82). Once microbes are bound to 
a catheter, they may be difficult to eradicate for various reasons: the protective nature of 
the polysaccharide glycocalyx slime substance (83); the inability of neutrophils to kill 
these adherent bacteria (84); and reduced antibiotic susceptibility of these sessile bacteria, 
compared to planktonic ones (85). 
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Types of Infection 

The animal model of infective endocarditis involves placing a vascular catheter into the 
internal jugular vein of a laboratory animal and passing the catheter into the right 
ventricle, producing a sterile vegetation. Bacteria are then introduced into the 
bloodstream, which infect the vegetation, producing a syndrome similar to infective 
endocarditis in humans (86–88). To function properly, PA catheters must be passed 
through the right atrium and ventricle, leaving patients particularly vulnerable to 
developing endocarditis. Noninfective endocardial lesions (endocardial hemorrhage, 
thrombi, valvular thickening, or overt vegetations) are quite common after PA 
catheterization (9,89–98) and are found in as many as 91% of autopsies (96). These 
lesions would seem likely to predispose patients to infective endocarditis. Approximately 
2% of patients who had undergone PA catheterization shortly before death have autopsy 
findings consistent with infective endocarditis (89–91,99–104). Most cases of PA 
catheter-related endocarditis occurred after prolonged catheterization (91,99,104–107), 
and involved the right atrium or ventricular endocardium or the tricuspid or pulmonic 
valves, as single or multiple lesions (91,105–107). Pulmonic valve vegetations appear to 
derive almost exclusively from PA catheters. 

Septic thrombophlebitis is an occasional complication of central venous catheter use 
(108–111). Local signs of venous occlusion may be seen, such as ipsilateral neck, chest 
wall, or arm swelling, yet the insertion site is often devoid of inflammation. Persistent 
high-grade bacteremia or fungemia despite removal of an infected PA catheter usually 
indicates septic thrombophlebitis or infective endocarditis, particularly when it involves 
staphylococci or Candida (108–111). Only a single case of great central vein septic 
thrombophlebitis associated with PA catheterization has been reported (110). This may 
reflect the fact that the duration of catheterization is generally shorter with PA catheters 
than other central venous catheters. Underreporting of this catastrophic form of catheter-
related bloodstream infection events is also very likely. 

Septic pulmonary emboli and infarction can also be seen in patients with PA catheter-
related bloodstream infection, secondary to septic thrombophlebitis (100) or infective 
endocarditis (89,91,99–102). Rarely, pulmonary artery mycotic aneurysm may 
complicate PA catheter infection (105) or lung abscess and empyema, deriving from 
secondary infection of a coexistent pulmonary infarct (112,113). 

Diagnosis of Infection 

The signs and symptoms of patients with intravascular catheter-related bloodstream 
infection are indistinguishable from bloodstream infection due to other etiologies. 
Nevertheless, there are certain clinical findings that significantly increase the likelihood 
that bloodstream infection is secondary to a central venous or pulmonary artery catheter: 
bloodstream infection in a nonsurgical patient; bacteremia due to S.aureus, coagulase-
negative staphylococci, or Candida; central venous catheter in situ; and no identifiable 
localized infection (114). 

The utility of obtaining cultures of multiple PA catheter segments is unclear since it 
increased the yield in one study (115), but not in another one (62). Using a combination 
of two culture techniques increases the yield (116); culturing multiple PA catheter 
segments is impractical for routine cultures in the clinical microbiology laboratory. 
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Performing central venous and PA catheter cultures at the bedside using the roll-plate 
technique also increases the yield of catheter cultures (117). As noted in the section 
“Sources of Infection”, it is important to culture both the PA catheter and introducer since 
culture of the PA catheter alone has a sensitivity of only 65% and will miss catheter 
infections involving only the introducer (35,62). 

Management of Infection 

Guidelines for the management of intravascular catheter-related infections have recently 
been published (118). Unexplained fever in a patient without severe sepsis—hypotension, 
mental status changes, or decreased urine output—should prompt the patient’s physician 
to obtain blood cultures. If quantitative blood cultures or diiferential time to blood culture 
positivity using continuously monitored automated systems are available, one set of 
blood cultures can be obtained through the catheter and the other set from a peripheral 
vein. If quantitative blood cultures are unavailable, two sets of percutaneously drawn 
blood cultures should be obtained, and consideration should be made for removing the 
catheter. If an intravascular catheter is still necessary for optimal patient care, a new 
catheter can be inserted in another site or in the original site over a guide wire. However, 
the second catheter should be removed if the original one is found to be heavily 
colonized. Rapid diagnostic tests, such as Gram stain or acridine orange stain of blood 
obtained through the catheter, may also be used. Gram stain of the insertion site may also 
be helpful in this setting. 

In the case of a septic patient with a PA catheter in place and in whom (a) there is no 
obvious other source of infection or purulence at the insertion site, (b) bloodstream 
infection has already been documented with staphylococci or Candida, or (c) the catheter 
has been in situ for more than four days, the catheter should be removed in its entirety, 
including the introducer and PA catheter. Both should be sent for culture, in addition to 
obtaining blood cultures. Failure to remove a colonized PA catheter associated with 
bacteremia or candidemia places the patient at undue risk of developing septic great 
central vein thrombophlebitis or infective endocarditis. If continued hemodynamic 
monitoring is necessary, this can be accomplished with insertion of a PA catheter into a 
new site or by noninvasive means (119). If the original catheter remained in place, but 
quantitative blood cultures revealed a marked step up in the number of organisms that 
grew from the catheter-drawn, as compared to the percutaneously-drawn blood cultures 
(120), or if catheter-drawn blood cultures reveal growth two or more hours before 
simultaneously obtained percutaneously-drawn blood cultures (121,122), the catheter 
should also be removed. Lastly, if the insertion site or catheter hub have significant 
numbers of pathogens found on quantitative culture or Gram stain, consideration should 
be made for removal of the PA catheter in its entirety. 

Removal of a heavily colonized intravascular catheter will often lead to resolution of a 
patient’s fever (123). However, a parenteral course of anti-biotics should be considered in 
the clinical setting of a febrile patient with negative blood cultures in whom the removed 
PA catheter is heavily colonized, especially by S.aureus or Candida, and there is no other 
source of the fever. This is because the catheter was in close proximity to the tricuspid 
and pulmonic valves, which may be more susceptible to becoming secondarily infected 
due to catheter-induced endocardial and valvular lesions (90– 92,94,124). This 
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recommendation may be especially important if the patient is known to have underlying 
valvular heart disease, especially a prosthetic valve (125). There are no available data to 
dictate the appropriate duration of antibiotic therapy in this setting, but a brief five- to 
seven-day course of antimicrobial therapy is reasonable. 

If empirical antimicrobial therapy is used, pending the results of blood and catheter 
cultures, vancomycin should be considered to cover methicillinresistant staphylococci in 
those institutions where there is a high incidence of MRSA and MRSE (118). Addition of 
an antibiotic effective against nosoco mial gram-negative bacilli may be reasonable, 
based on the clinical setting. Definitive therapy of PA catheter-related bloodstream 
infection should be based on microbiological identification and susceptibility of the 
pathogens involved. The appropriate duration of antibiotic therapy for PA catheter-
related bloodstream infection should be determined by a number of factors: the presence 
of underlying valvular heart disease or evidence of an endovascular infection—
endocarditis or septic thrombophlebitis; evidence of a distant metastatic infection; or 
persistent, high-grade bacteremia after catheter withdrawal and initiation of appropriate 
antimicrobial therapy (118,126). If endocarditis is suspected, transesophageal 
echocardiography has greater sensitivity than transthoracic echocardiography for 
detecting vegetations—especially small vegetations, those involving prosthetic valves, or 
those in the right side of the heart (127–129). 

Septic thrombophlebitis of the central great veins should be suspected, in the setting of 
persistent bacteremia or fungemia without evidence of endocarditis. The diagnosis can 
often be made by noninvasive techniques, such as ultrasonography (130), computerized 
tomography (130–132), or magnetic resonance imaging (132). Although venography 
remains the diagnostic standard (107,108,131), a recent prospective study found that 
color duplex ultrasonograpy has a sensitivity and specificity of 82% each in the diagnosis 
of upper extremity thrombosis (133). If bacteremia due to pathogens other than S.aureus 
clears within three days and the patient is without underlying valvular heart disease or 
clinical evidence of endocarditis, septic thrombophlebitis, or metastatic infection, 
parenteral antimicrobial therapy should be administered for seven to 14 days (118). 
However, with uncomplicated catheter-related S.aureus bacteremia, 14 days of parenteral 
antimicrobial therapy may be considered (127,134–140) in selected patients without 
evidence of infective endocarditis on transesophageal echocardiography after catheter 
removal (118), although some controversy remains regarding short course therapy for 
S.aureus bloodstream infection (141). All patients with catheter-related candidemia 
should receive antimicrobial therapy, even if the patient’s fever resolves after catheter 
withdrawal and subsequent blood cultures are negative (142–144). Candidemia that 
rapidly clears should be treated with intravenous amphotericin B or fluconazole 
administered over 14 days (142,144–146), or a newer antifungal agent such as 
caspofungin (147). 

Infective endocarditis originating from a colonized PA catheter should be treated 
similar to endocarditis unrelated to a catheter, with prolonged parenteral bactericidal 
antimicrobial therapy, using a dosage regimen appropriate for endocarditis (148). 
However, for patients with right-sided, catheter-related bacterial endocarditis, a corollary 
may be drawn between these patients and those who have acquired right-sided 
endocarditis secondary to IV drug use, in whom two weeks of parenteral antibiotic 
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therapy may be effective when there has been rapid resolution of bacteremia and no 
evidence of septic pulmonary emboli (137,139). 

PA catheter-related septic thrombophlebitis of the central great veins can be reliably 
treated in most instances, without surgical intervention. With bacterial infection, a four-
week course of parenteral antimicrobial therapy is recommended (108,110,118,149). 
Anticoagulation should also be considered unless contraindicated (108,110,118,149). 
Thrombolytic therapy used in the setting of central great vein septic thrombophlebitis 
does not appear to improve outcome and is not recommended (150). 

All patients with PA catheter-related bloodstream infection should be monitored 
closely after completing therapy, especially patients with prolonged bloodstream 
infection, to detect late-appearing metastatic infection or relapse of the original 
endovascular infection. 

Prevention of Infection 

Preventive strategies aimed at reducing the risk of intravascular catheter-related infection 
have been reviewed in detail elsewhere (151–153). The risk of catheter-related infection 
can be reduced by placement of the catheter in the subclavian vein rather than the internal 
jugular vein (Table 3). However, the reduced risk of infection at the subclavian insertion 
site should be weighted against the other risks. Although there is a greater likelihood of 
arterial puncture with internal jugular insertion (158), there is a higher risk of perforating 
a great central vein with subclavian insertion (159). Since bleeding secondary to vascular 
injury may be more easily managed when the catheter has been inserted in the internal 
jugular vein, the latter insertion site may be preferred for patients with coagulopathy or 
thrombocytopenia. 

To reduce the risk of PA catheter-related infection (30,32,46) and exposure to bloodborne 
pathogens (160), a long-sleeved, sterile surgical gown, sterile gloves, mask, eye 
protection, and hat should be worn during catheter insertion, and the site should be 
covered by a large, sterile sheet drape. These same precautions should be undertaken if 
the catheter is exchanged over a guide wire. In the latter setting, after vigorously 
cleansing the insertion site with a cutaneous antiseptic, inserting the guide wire, removing 
the catheter, and cleansing the site once again with an antiseptic agent, the operator 
should reglove and ideally redrape the site, as the original gloves and drapes may have 
become contaminated from manipulation of the original catheter. 

Chlorhexidine-based products, especially alcoholic chlorhexidine, is superior to 
povidone-iodine or alcohol alone at reducing the risk of intra-vascular catheter-related 
infection (151,161). 

The efficacy of antibiotic prophylaxis during PA catheter insertion has not been 
studied in a prospective fashion; however, this practice is unwarranted based on 
prospective studies with central venous catheters (151,153,162). 
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Table 3 Catheter-Related Infections: Internal 
Jugular vs. Subclavian Approach 

Colonization Bloodstream infection   

IJ (%) SC (%) IJ (%) SC (%) Ref. 

19 7 – – 10 

16 37a – – 154 

21 10a – – 155 

28 15a – – 156 

22 10a – – 157 

35 14a – – 41 

    10 3a 29 

27 4a 1 0 30 

– – 7 2 38 

Abbreviations: IJ=internal jugular vein; SC=subclavian vein. 
ap<0.05. 
(From Ref. 151.) 

Use of an external protective plastic sleeve significantly reduces the risk of PA 
catheter-related infection by minimizing touch contamination during manipulation of the 
PA catheter (38). Use of heparin-bonded PA catheters is associated with a reduced risk of 
catheter-related infection because benzalkonium chloride is used on the catheter surface 
as a cationic surfactant to bond the anionic heparin to the catheters manufactured in the 
United States (58). Therefore, heparin-bonded catheters should be used rather than 
nonheparin-bonded catheters unless there are clinical contraindications, such as heparin-
induced thrombocytopenia (163,164). 

In a large, prospective trial of 442 PA catheters, there was no difference in the 
incidence of catheter colonization or catheter-related bloodstream infection between 
gauze and transparent dressing groups (37). For this reason, either standard sterile gauze 
and tape or polyurethane transparent dressings are acceptable for use on the insertion site 
of PA catheters. Additionally, transparent dressings may be left in place up to five days 
between dressing changes, without increased risk of PA catheter-related infection (37). 
Newer, more permeable transparent dressings do not appear to reduce the risk of PA 
catheter-related infection, compared to standard transparent dressings (37). Oozing of 
blood from the insertion site increases the risk of catheter-related infection (56) and in 
such instances, gauze dressing should be used until if and when such bleeding resolves. 

There are a number of measures aimed at reducing the risk of in-use contamination of 
PA catheter infusate and components. The delivery system should be manipulated as little 
as possible. No one should handle or especially enter the system without appropriate hand 
hygiene. Entering the monitoring circuit for the purpose of blood drawing should be 
limited as much as possible. 
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The number of stopcocks in the system should be minimized. Stopcocks should be 
wiped with a cutaneous antiseptic, such as using an alcohol pledget, prior to manipulation 
(165). Closed systems used for measuring the cardiac output by thermal dilution appear 
to reduce the risk of injectate contamination (166). All calibration devices, heparinized 
solutions, and other apparatus that come in direct contact with the fluid within the 
monitoring circuit must be sterile (67). Dextrose-containing solutions should not be used 
in hemodynamic monitoring infusions (67). Totally disposable transducer assemblies are 
preferred and should not be reused (67). Reusable transducers should be subjected to 
high-level chemical disinfection or, preferably, sterilization with ethylene oxide between 
patients, or when the monitoring circuit (chamber dome and continuous-flow device) is 
replaced (67). Centralized decontamination provides more consistent quality control; 
however, in an emergent situation, decontamination of reusable transducers with alcohol 
pledgets does not appear to increase the risk of catheter-related infection (167,168). The 
addition of sodium metabisulfite to a heparin-containing flush solution reduced the 
incidence of left atrial catheter-related infections in one study (169). However, before 
recommending this preventive strategy, prospective randomized studies must be done to 
confirm these findings and to provide data regarding the safety of these infusions. 

If disposable transducers and chamber domes are used with infusions for 
hemodynamic monitoring, there is no need to replace the transducer assembly and other 
components of the delivery system, including flush solutions, more frequently than every 
four days (170). In a recent prospective trial including arterial, central venous, and PA 
catheters, the pressure-monitoring infusion systems were not replaced at regular intervals 
(171). Only four of 1991 cultures of infusion fluid had significant growth, and all 
occurred within 48 hours of a bag change. Routine replacement of the pressure-
monitoring infusion system at 72-hour intervals, as was the standard of care in the 
institution, would not have prevented this contamination. The new policy also led to a 
significant cost savings to the institution. Based on this information, it appears that the 
pressure-monitoring infusion system—including the transducer and associated plastic 
ware, tubing, and flush solutions—may not need routine replacement. 

Although there remains some controversy surrounding the safe duration of PA 
catheterization, the risk of infection is low if the catheter remains in place for no longer 
than three to four days (Fig. 3). It behooves the user of this device to assess the need for 
continued catheterization on a daily basis and to remove the catheter as soon as feasible. 
If PA catheterization beyond four days is considered necessary, there are three options: 
the catheter may be left in place, accepting that the risk of infection will begin to rise 
sharply; a new catheter can be placed in a new site, gaining another four days of very low 
risk; or, using a guide wire, the catheter can be exchanged with a new one. Cultures of the 
original catheter should be done, and the new catheter should be removed if colonization 
is found, especially with more pathogenic organisms such as S. aureus or Candida. 
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PERIPHERAL ARTERIAL CATHETERS 

Introduction 

Peripheral arterial catheters are commonly used to monitor the blood pressure and arterial 
blood gases (pH, PaO2, PaCO2) and oxygenation of critically ill or unstable patients. At 
one institution where two years of observational data were reviewed, 48 and 33% of 
patients admitted to medical and surgical intensive care units, respectively, had arterial 
catheterization (172). In a survey of U.S. adult ICUs, 40% of patients have arterial 
catheters (173). 

Features of the Catheter 

Peripheral arterial catheters are typically made of Teflon or polyurethane. Arterial 
catheters are complex medical devices (Fig. 4), similar to PA catheters. Besides the 
arterial catheter itself, an infusion designated for arterial pressure monitoring also 
includes an extended length of tubing connected to a chamber that interfaces with an 
electromechanical transducer. A continuous-flow device is in the line and permits 
periodic flushes to maintain patency of the system. This device is connected to a 
pressurized bag of heparin-containing flush solution. The infusion system differs from 
many others used in clinical practice in that the infusate characteristically runs very 
slowly, the fluid column interfaces with an electromechanical transducer through the 
diaphragm of a chamber dome, the system may contain multiple stopcocks, and the 
chamber dome and transducer are often attached to the patient’s arm, potentially 
vulnerable to contamination by cutaneous microflora. 

During the first decade of widescale use of arterial pressure monitoring in the 
United States, chamber domes were routinely reused as a cost-saving measure. When it 
was recognized that failure to reliably decontaminate chamber domes between patients 
led to many epidemics of gram-negative bacteremia, manufacturers developed disposable 
chamber domes, which are now widely used. Despite this intervention, the permanent 
transducers interfacing with disposable chamber domes also became contaminated, 
leading to infusate contamination and epidemic bloodstream infections. Completely 
disposable modular systems were then developed, incorporating a continuous-flow 
device, chamber dome, and electromechanical transducer. Most U.S. hospitals now 
exclusively use disposable systems. Besides infectious complications, which is the 
subject of this chapter, it is important to realize that noninfectious complications 
associated with use of this device are not uncommon (174). 
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Figure 4 Schematic of a peripheral 
arterial catheter placed in the radial 
artery. 

Incidence of Infection 

Many prospective studies have addressed the risk of peripheral arterial catheter-related 
infection (10,20,24,25,28,32,34,54,175–189). However, in only one of these studies were 
cultures performed of all possible sources of catheter-related infection (185). Table 4 
summarizes the 18 studies of at least 75 catheters published after 1980, in which cultures 
were routinely carried out at the time of catheter withdrawal. In studies using 
semiquantitative or quantitative catheter culture methods and at least 75 catheters per 
study, 1.2 to 22.6% of peripheral arterial catheters were colonized (weighted mean and 
median incidence of colonization is 8.4% [95% CI 8.1–8.6%] and 4.1%, respectively). In 
these studies, the range of peripheral arterial catheter-related bloodstream infection was 0 
to 5.6%. The weighted mean and median incidence of arterial catheter-related 
bloodstream infection is 0.54% [95% CI 0.50–0.58%] and 0%, respectively. It is not 
possible to confidently determine the incidence of arterial catheter-related bloodstream 
infection per 1000 catheter-days since few studies gave information regarding the number 
of catheter-days. However, a recent large study found an incidence of 1.3% (3.7 per 1000 
catheter days) (190). 
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Table 4 Incidence of Peripheral Arterial Catheter-
Related Infection 

Study Catheters Catheter culture 
method 

Colonized 
(%) 

Catheter-related 
bloodstream infection (%) 

Pinilla et al. (10) 172 SQ 4.1 0 

Kaye et al. (20) 102 NR 13.7 1.0 

Shinozaki et al. 
(177) 

170 NR NR 0.6 

Russell et al. (179) 261 NR NR 1.1 

Thomas et al. (178) 68 Q 20.5 NR 

Damen et al. (24) 584 SQ 1.2 0 

Damen and Van Der 
Twell (25) 

349 SQ 4.3 0 

Leroy et al. (183) 164 SQ 22.6 0 

Maki and Ringer 
(185) 

489 SQ 3.1 0.8 

Eyer et al. (28) 250 SQ 3.6 2.8 

Furfaro et al. (186) 340 SQ 2.9 0 

Bull et al. (32) 256 SQ 18.0 0.8 

Raad et al. (34) 121 SQ 15.5 5.6 

Raad et al. (188) 807 SQ 14.7 0 

Rijnders et al. (189) 272 QS 15.4 1.5 

Abbreviations: SQ=semiquantitative roll-plate method; QV=quantitative by vortex method; 
QS=quantitative by sonication; NR=not reported. 

Microbial Profile 

Coagulase-negative staphylococci, predominately S.epidermidis, are the most common 
pathogens responsible for peripheral arterial catheter colonization and bloodstream 
infection. Fifty-nine percent of arterial catheters are colonized with coagulase-negative 
staphylococci, 17% with other gram-positive pathogens, 23% with gram-negative 
bacteria, and 2% with yeast (24,25,54,177,183,184). In these prospective studies, there 
were only seven catheter-related bloodstream infections—four caused by coagulase-
negative staphylococci, two by Enterococcus, and one by Pseudomonqs aeruginosa.  
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Risk Factors 

Two studies used multivariate analysis to determine independent risk factors for catheter-
related infection (25,185). Heavy cutaneous colonization of the catheter insertion site 
(RR 10), age less than one year, prolonged dwell time in children, and insertion in an old 
site over a guide wire were each independent risk factors for peripheral arterial catheter-
related infection. Using univariate analysis, a number of investigators have found other 
risk factors for peripheral arterial catheter-related infection, as described below. 

Insertion Site 

Although heavy cutaneous colonization is associated with arterial catheter-related 
infection (185), there are conflicting data regarding the association of inflammation with 
arterial catheter colonization. Some investigators (186) have found that inflammation was 
significantly associated with catheter colonization; others (182,183) have found that 
inflammation at the catheter insertion site was not predictive of catheter colonization. In 
one study (184), cultures of the arterial catheter insertion site had a 57 and 100% positive 
and negative predictive value for catheter infection, respectively. Based on this 
information, heavy arterial catheter insertion site colonization is associated with 
infection. The absence of insertion site colonization in a febrile, catheterized patient 
should suggest arterial catheter infection associated with a colonized catheter hub, 
contaminated infusate, or another site of infection. 

Site of Insertion 

Although a number of investigators have compared the incidence of infection associated 
with radial artery, as compared to femoral artery, insertion (25,54,178,179), only one 
investigator prospectively randomized catheters to insertion at these two sites (178). Most 
of the studies were limited by the small number of catheters studied. Combining these 
investigations, there is a suggestion of an increased risk of infection associated with 
femoral catheterization—catheter colonization and bloodstream infection 3 and 0.4%, 
respectively, with radial artery insertion, compared to 7 and 1.3%, respectively, for 
femoral artery insertion. A confounding variable in these studies is that femoral catheter 
insertion may be associated with more prolonged dwell time (179). Also, the number of 
femoral arterial catheters studied is small. Although the largest of these studies did not 
describe the number of patients who had radial vs. femoral arterial insertion, a 
significantly increased incidence of catheter colonization in the latter site was noted (25); 
however, using Kaplan-Meier plots, the risk of infection associated with femoral artery 
insertion did not increase over time. 

Drawing firm conclusions regarding the risk of infection associated with insertion in 
the femoral vs. the radial artery must await the results of larger prospective, randomized 
trials. At present, it would appear that decisions regarding which site to use for peripheral 
arterial catheter insertion should be based on the clinical setting. 
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Barrier Precautions 

In a prospective study of barrier precautions for arterial catheter insertion, investigators 
using sequential enrollment compared the incidence of catheter-related infection utilizing 
two different preventive strategies associated with catheter insertion (32). In the first 
phase, physicians inserting arterial catheters donned hat, mask, and sterile gloves. In the 
latter half of the study, a surgical gown was also worn by the catheter inserter, and a more 
prolonged, five-minute skin preparation was done. The incidence of catheter colonization 
was 23.7% without and 14.7% with full barrier precautions and prolonged skin 
preparation (p<0.001). It is difficult to determine the efficacy of full barrier precautions 
from this study since the duration of cutaneous antisepsis also varied. In many of the 
published studies (Table 4), sterile gloves and drapes were used, but mask, hat, and gown 
were not worn during arterial catheter insertion. We believe that sterile gloves and drapes 
are sufficient barrier precautions during insertion of these catheters (see “Prevention of 
Infection” for further discussion). 

Guidewires 

A single study prospectively randomized patients (a) to guide wire arterial catheter 
exchange every seven days, (b) to catheter insertion in a new site every seven days, or (c) 
to prolonged catheterization without routine guide wire exchange (28). There was no 
significant difference in the incidence of catheter-related infection in any of these three 
patient groups; however, the incidence of infection was low and the power of the analysis 
was very limited based on the small number of patients studied. In a nonrandomized 
prospective clinical trial (185), the incidence of catheter-related bloodstream infection 
was 3.7% in patients who had arterial catheters placed in an old site over a guide wire, as 
compared to 0% in patients whose arterial catheters were inserted in a new site (p<0.01). 
All six arterial catheter-related bloodstream infections were in the guide wire exchange 
group. Data from these studies suggest that routine guide wire exchange of peripheral 
arterial catheters does not reduce the incidence of systemic catheter-related infection, but 
rather increases the risk. 

Duration of Catheterization 

A number of investigators found that prolonged catheter insertion was associated with an 
increased cumulative risk of peripheral arterial catheter-related infection 
(20,25,32,34,178,183,188,191); however, others did not find this to be the case 
(28,54,186). Although the cumulative incidence of arterial catheter-related infection 
increases with time, the risk of infection per day of catheterization (i.e., the incidence 
density) does not increase with prolonged catheterization (10,183,186). In three 
prospective trials (177,178,186), the arterial catheter, transducer assembly, and associated 
plasticware were not routinely changed. The combined incidence of catheter colonization 
and catheter-related bloodstream infection was 2.9 and 0.2%, respectively—both 
comparable to median rates for all prospective clinical trials. One group of investigators 
(170) found that the incidence of transducer fluid contamination was not significantly 
different when the fluids were randomized to be changed every two days or every four 
days, yet, the cumulative prevalence of transducer fluid contamination was greater when 
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the fluids were changed every eight days compared with every two days. In another study 
(177), none of 170 transducer fluid samples were contaminated, despite a policy that 
allowed the catheters, transducers, and associated plasticware to remain in place without 
routine changes. More recently, the incidence of transducer fluid contamination was 
found to be extremely low, despite prolonged arterial and PA catheter dwell times, and 
routine replacement of the transducer fluid every three days would not have prevented the 
few cases of contamination that occurred (171). Based on this information, it would 
appear that routine replacement of peripheral arterial catheters, transducers, and 
associated plasticware is unnecessary as long as the insertion site is devoid of purulence 
or fluctuance and the patient does not have unexplained fever or other symptoms of 
occult infection that may be due to the catheter itself. 

Hematogenous Seeding 

In prospective studies, only three of 94 arterial catheters exposed to bacteremia or 
fungemia from a distant focus of infection had concordant growth on the catheter surface 
when removed (183–186). One episode of rebound bacteremia was observed associated 
with hematogenous seeding of an arterial catheter (185). Based on this information, it 
would appear that the risk of hematogenous seeding of arterial catheters is low, similar to 
the majority of studies of PA catheters. However, return of fever in previously treated 
bacteremic or fungemic patients should alert the clinician to the possibility of seeding of 
the catheter, prompting removal of the catheter for culture if no other source of fever is 
evident. 

Dressings 

A single study compared the risk of arterial catheter-related bloodstream infection in 
patients whose catheter insertion site was covered with transparent polyurethane film 
dressings vs. gauze and tape dressings (56). In this study of 400 arterial catheters, use of 
transparent dressing replaced every other day increased the risk of catheter-related 
bloodstream infection more than fivefold. Large, prospective, randomized trials are 
needed to definitively determine the risk of arterial catheter-associated infection when 
using transparent vs. gauze and tape dressings. At the present time, we believe that use of 
gauze and tape dressings on arterial catheter insertion sites may be preferable to 
transparent polyurethane dressings. One study of multiple catheter types, including 
arterial catheters, concluded that oozing of blood under dressings increased the risk of 
infection (56). 

Antibiotic Use 

Antibiotic use during catheterization has had no impact on the incidence of catheter 
colonization, including the use of vancomycin (34,183,186). A prospective, randomized 
trial of central venous catheters also found that prophylactic vancomycin did not reduce 
the incidence of catheter-related infection (162). Based on these findings and the 
increased risk of the development of antibiotic resistance with widespread use, antibiotic 
prophylaxis should not be used for arterial catheter insertion (118). 
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Cutaneous Antisepsis 

In one clinical trial, patients with arterial catheters were prospectively randomized to 
have the insertion sites cleansed with aqueous chlorhexidine, alcohol, or povidone-iodine 
(192). The incidence of catheter-related infection was 0.7, 4.3, and 5.6% in each of these 
groups, respectively. None of the four arterial catheter-related bloodstream infections 
occurred in the group randomized to chlorhexidine, and the incidence of catheter-related 
infection was significantly lower than the chlorhexidine group compared to the alcohol 
and povidone-iodine groups combined (p=.03). In another study (187), the incidence of 
arterial catheter colonization was 15/1000 catheter-days versus 32/1000 catheter-days in 
groups randomized to alcoholic chlorhexidine and benzalkonium chloride combination 
compared with povidone-iodine (p= 0.05). These data suggest that chlorhexidine-
containing preparations are the antiseptic agents of choice for cleaning the skin prior to 
arterial catheter insertion. 

Other Risk Factors 

In one prospective trial, patients underwent radial arteriography prior to catheter removal 
(183). Eight percent of the arterial catheters, mean dwell time of 6.5 days, had 
radiographically evident thrombus formation. However, the incidence of arterial catheter 
colonization was 25 and 23% in patients with and without evidence of thrombus, 
respectively. Despite the fact that a number of microbial pathogens, in particular 
S.aureus, have an avidity for binding to host-derived protein components of thrombus 
(79–81), the association of thrombus and arterial catheter colonization was not 
demonstrated in this small study. 

The use of an arterial catheter with 120 cm of pressure tubing through which blood 
was drawn back to clear the line of heparin before sampling has been associated with an 
increased risk of catheter colonization compared to another arterial pressure-monitoring 
device, which had a one-way valve that did not allow blood backflow into the tubing 
(186). 

F. Sources of Infection 

Bacteria and fungi may gain access to a catheterized patient’s bloodstream from skin at 
the insertion site, stopcock contamination, contamination of the transducer assembly, 
contamination of infusate during preparation or during catheter use, or intraluminal 
contamination secondary to drawing blood into the line during an episode of bacteremia 
or fungemia. Cultures of all potential sources of arterial catheter-related infection were 
performed in only one study (185). Three percent and 2.9% of infusate and hub 
specimens had significant growth, respectively. Of the six episodes of primary catheter-
related bloodstream infection, two each were due to colonization of the skin, hub, and 
infusate, respectively; one case of catheter-related bloodstream infection had an 
unidentifiable source. All six primary catheter-related bloodstream infections occurred in 
patients whose arterial catheters were exchanged over a guide wire and in whom the 
insertion site was cleansed with povidone-iodine or alcohol, as compared to 
chlorhexidine. Information gathered from this investigation supports the fact that there 
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are myriad potential sources of bloodstream infection in patients with arterial catheters 
and preventive strategies should be aimed at each of these potential reservoirs. 

In one study (184), the incidence of transducer fluid contamination increased 
significantly when the duration of catheterization was greater than two days. These 
investigators also found that 8 of 14 insertion site cultures with significant growth were 
associated with concordant growth on a catheter segment. Catheter colonization only 
occurred in the presence of microbial growth at the insertion site. 

Using arterial catheters with a long stagnant column of infusate, another group of 
investigators found that 12 of 102 transducer fluid cultures had significant microbial 
growth; four of these 12 fluid samples were associated with concordant bacteremia (185). 
Investigators using arterial catheters without the stagnant column observed that 23 of 98 
infusate specimens drawn through the arterial catheter stopcock had significant growth 
(183); however, in only four of the 23 instances of contamination was the arterial catheter 
tip found to be colonized with concordant growth of bacteria or fungi, and there were no 
associated bloodstream infections. Interestingly, the incidence of infusate contamination 
increased during the summer months. In another study (177) of arterial catheters 
assembled without a stagnant column of infusate, none of the 170 transducer fluids had 
significant growth sampled, despite prolonged catheterization and no routine change of 
the catheter, transducer assembly, or related plasticware. However, stopcock 
contamination increased significantly with the duration of catheterization; 10 and 26% of 
stopcocks used for four or less days vs. five or more days had significant growth, 
respectively. In a study of peripheral arterial and PA catheters (170), contamination of 
transducer fluid collected through a stopcock was not significantly different when the 
transducers were changed every two days or every four days; however, contamination 
increased significantly when transducer fluids were changed every 8 days as compared to 
every two days. The single episode of transducer-related bloodstream infection occurred 
on the day the transducer fluid was initially contaminated and would have been 
unaffected by more frequently scheduled replacement of the transducer assembly. In 
another combined study, infusate contamination was exceedingly rare, 0.1%, despite no 
routinely scheduled component changes (171). The contamination that occurred would 
not have been avoided had the institution maintained a policy for changing pressure-
monitoring components every 3 days. 

In some studies, investigators found that the cumulative rate of microbial colonization 
increased with the duration of catheterization; however, in those prospective studies 
performed without routinely changing the catheter, transducer, or associated plasticware 
(177, 178,186), the combined incidence of arterial catheter-associated bloodstream 
infection was very low—0.15%, despite prolonged dwell time. Thus, routine replacement 
of pressure-monitoring components does not appear to be necessary. 

Blood conservation devices have been developed to eliminate the loss of discard 
volume of blood, which occurs when drawing blood through arterial catheters. The 
incidence of arterial infection using these devices compared with standard arterial 
catheters has not been studied in any prospective, randomized studies. However, the risk 
of contamination of the internal components of two such devices has been determined in 
a small study (193). In this study, 20 devices (three different internal sites cultured per 
device) from each of two currently marketed products were sampled. Thirty-five percent 
of the internal components from one manufacturer were colonized compared with 15% of 

Catheter-related infections     358



the other (p=0.1). All instances of colonization involved coagulase-negative 
staphylococci except for one episode each involving bacillus and diptheroids. Apparently 
none of these cultures correlated from positive cultures from other sites. Therefore, these 
products pose a potential risk of infection due to skin organisms. How this risk compares 
to use of arterial catheters without implementing such blood-conserving measures 
remains unknown at the present time. 

Epidemics 

Physicians using arterial catheters must remain vigilant in regard to the risk of epidemic 
bloodstream infection associated with this device. The insidious nature of epidemic 
arterial catheter-related bloodstream infection is reflected by the fact that these epidemics 
last, on average, 11 months before being recognized, compared to three months with 
epidemics of bacteremia derived from other sources (194). There have been 29 epidemics 
associated with arterial pressure monitoring published between 1971 and 1996 (67–71; 
Table 5). Nearly 75% of these epidemics were due to faulty decontamination of the 
transducer components. This was often the result of using a dilute quaternary ammonium 
solution, which fostered contamination by resistant nosocomial gram-negative bacilli. 
Eleven of the 29 epidemics occurred despite using disposable chamber domes with 
reusable transducer heads. Nine of the epidemics were associated with carriage of the 
epidemic strain on the hands of healthcare providers. Contamination of fluids that come 
in contact with the pressure-monitoring device, such as heparinized saline flush solutions 
or contaminated disinfectant solutions, contaminated calibration systems, and 
contaminated ice used to chill syringes, have all been associated with epidemics. 

Although manufacturers state that disposable equipment should not be reused, reuse of 
disposable chamber domes has been associated with epidemic bloodstream infections 
traced to arterial pressure monitoring. To our knowledge, there have been no large 
epidemics of arterial catheter-related bloodstream infection traced to contaminated 
infusions used for pressure monitoring in hospitals exclusively using disposable 
transducers. However, there are two reports of arterial catheter-related bloodstream 
infections due to gram-negative bacilli in hospitals using disposable transducers (71,195). 
In one of these reports (195), two infections with unusual environmental bacteria may 
have been related to preparation of heparinized saline solutions used for pressure 
monitoring in a nonsterile environment over a sink. However, environmental cultures of 
this area failed to grow the bacteria found in the blood of these two patients. In one 
epidemic, cleaning operating rooms with a faulty spray disinfection device led to 
contamination of uncovered pressure-monitoring equipment and gram-negative bacterial 
bloodstream infections (71). 

Many of the outbreaks associated with arterial pressure monitoring were caused by 
unusual nosocomial, gram-negative bacilli, such as Serratia, nonaeruginosa 
Pseudomonas, Burkholderia cepacia, and Enterobacter species, which are able to 
proliferate in fluids with minimal nutritional support (Table 6). Finding such bacteria in 
blood cultures of patients with arterial pressure monitoring, or blood cultures growing 
other unusual gram-negative pathogens such as Achromobacter, Acinetobacter, or 
Flavobacterium, should alert the clinician to the possibility of an epidemic deriving from 
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contamination of arterial pressure-monitoring systems. A single bacteremia may reflect a 
sporadic endemic case. However, two or more bacteremias should prompt an immediate 
investigation to determine the etiology and, if due  

 

Table 5 Epidemiology of Epidemic Bloodstream 
Infections Traced to Arterial Pressure Monitoring 

Epidemiologya Epidemics 
(n) 

Faculty decontamination of transducer components 18 

Reusable transducer heads used with disposable chamber domes 11 

Reusable chamber domes 6 

Reuse of disposable chamber domes 3 

Carriage of epidemic organisms on hands of users 9 

Contaminated heparinized saline solutions 3 

Use of dextrose-containing fluids instead of saline 3 

Contaminated disinfectant solution 3 

Contaminated calibration system 2 

Contaminated ice used to chill syringes for blood-gas 1 

specimens   

Contaminated uncovered, preassembled pressure-monitoring 1 

equipment in operating rooms   
aIn many of the outbreaks, more than one source or probable mechanism of 
contamination was implicated. 
(From Ref. 67.) 

 

Table 6 Microbial Profile of Epidemic Nosocomial 
Bloodstream Infections Deriving from 
Contamination of Arterial Pressure-Monitoring 
Systems 

  Epidemics (n) 

Pathogen Single pathogen Multiple-organism outbreaks 

Serratia marcescens 6 1 

Burkholderia cepacia 4 — 

Comamonas acidovorans — 2 

Pseudomonas fluorescens — 2 
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Pseudomonas aeruginosa 1 1 

Stenotrophomonas maltophilia 1 — 

Pseudomonas spp. — 1 

Enterobacter cloacae 2 3 

Enterobacter aerogenes 1 — 

Enterobacter spp. — 1 

Achromobacter xylosoxidans 1 — 

Acinetobacter calcoaceticus 1 — 

Acinetobacter spp. — 1 

Klebsiella oxytoca 1 1 

Klebsiella pneumoniae — 1 

Citrobacter diversus — 1 

Flavobacterium sp. 2 — 

Candida parapsilosis 2 — 

Candida spp. 1 — 

(From Ref. 67.)     

to arterial pressure monitoring, to identify the reservoir and mechanism of introduction of 
these pathogens into the patients’ monitoring systems. 

Pathogenesis 

The pathogenesis of peripheral arterial catheter-related infection is similar to that of PA 
catheters. Using electron microscopy, biofilms containing bacteria have been observed on 
the surface of radial and femoral arterial catheters after one day in situ (196). Thus, 
microbial pathogens may colonize arterial catheters during or shortly after insertion, 
although early invasion of the bloodstream appears to be uncommon. The reason for the 
low incidence of bloodstream infections associated with peripheral arterial catheters may 
be due in part to the fact that the catheter is made of Teflon or polyurethane. There is less 
bacterial adherence to Teflon (197) or polyurethane (198) than catheters made of other 
materials such as polyvinychloride. There is also less avid binding of host-derived 
proteins, such as fibronectin, to polyurethane catheters, compared to catheters made of 
other materials (198). The bioburden of microbes at the radial artery insertion site is also 
significantly less than insertion sites of central venous catheters, and the radial artery site 
also is less likely to be colonized with microbes other than coagulase-negative 
staphylococci (46). 

In conclusion, although microbes are commonly found on arterial catheter segments, 
the catheter material and host immune response appear to act together to limit their 
proliferation and bloodstream infection. 
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Types of Infection 

Infective endocarditis associated with arterial pressure monitoring is extremely rare. 
More commonly reported is localized suppurative infection involving the cannulated 
artery. In one prospective evaluation of arterial catheters (185), a single case of 
endarteritis was described involving thrombus formation in the artery that contained 
Candida. 

Infected radial artery pseudoaneurysms associated with arterial pressure monitoring 
has been reviewed (191,199). In one study (191), 12 radial artery infections occurred over 
two years (for infected and uninfected cases, the mean duration of catheterization was 5.2 
and 2.7 days, respectively [p< 0.001]). Five of the 12 developed infected aneurysms, all 
treated with excision and antibiotics. Of note, these apparently developed despite early 
antibiotic therapy. The aneurysms developed early in some patients (five and eight days 
after catheterization, respectively), but aneurysms developed three, five, and seven weeks 
after catheterization in three other patients. All infected aneurysms involved S.aureus. 
Excised tissue revealed false aneurysm in each case associated with intraluminal 
thrombosis and dense inflammatory infiltrate in the fibrous wall. Septic emboli of the 
involved hand was seen in two patients. In the other study (199), six infected aneurysms 
occurred at one hospital over six years. The duration of radial artery catheterization was 
significantly longer in patients who developed infected pseudoaneurysms than in patients 
who had radial arterial catheters in place without this complication—12.5 vs. 4.3 days, 
respectively (p<0.05). Patients with this complication were older than noninfected 
patients admitted to the same intensive care units—72 vs.54 years, respectively (p<0.05). 
The infected patients also appeared to have had more prolonged stays in the intensive 
care unit prior to the development of this infection. Most of these patients presented with 
an expanding or fluctuant pulsatile mass at the radial artery insertion site. Some of these 
symptoms developed as late as six weeks after the catheter had been removed. Five of the 
six cases of infected radial artery pseudoaneurysms were caused by S. aureus. Four 
infected pseudoaneurysms secondary to radial artery catheterization previously reported 
in the literature were also due to S. aureus (200–202). Infected pseudoaneurysms, 
predominantly caused by S. aureus, have also been reported in association with femoral 
arterial pressure monitoring (203). Some of the infections involving the radial artery, as 
well as those associated with brachial artery catheters, have also been associated with 
Osler’s nodes, Janeway lesions, and splinter hemorrhages in the extremity (191,200–
202,204) and, in some cases, surrounding erythema, cellulitis, or, rarely, purulent 
drainage from the catheter insertion site. In summary, radial artery pseudo-aneurysm may 
develop several weeks after catheter removal and administration of antibiotics. S. aureus 
is the most likely pathogen and therapy should consist of bactericidal antistaphylococcal 
antibiotics and excision of the infected aneurysm. Limiting the duration of arterial 
catheterization will reduce the risk of developing this complication. 

Diagnosis of Infection 

The microbiological methods available for the diagnosis of peripheral arterial catheter-
related infection are no different from those available for other intravascular devices; 
unfortunately, there are no systematic investigations comparing the sensitivity and 
specificity of different methodologies with arterial catheters. 
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There is varying data in the literature regarding the sensitivity and specificity of 
inflammation surrounding the catheter insertion site, aiding in the diagnosis of arterial 
catheter-related infection (182,183,186,191). Insertion site cultures had positive and 
negative predictive values of 57 and 100%, respectively, in one study (184) and may be 
of some value in accessing the febrile patients with arterial catheters. 

Management of Infection 

General recommendations for treatment of patients with intravascular catheter infections 
has been published (118). The management of peripheral artery catheter-related infection 
is similar to that of PA catheters. Finding a pulsatile mass around the insertion site while 
the catheter is in situ, or after catheter withdrawal, should prompt surgical exploration 
with Gram stain and cultures, and debridement, possibly en bloc resection, if an infected 
pseudoaneurysm is found. In this setting, intravenous antibiotic therapy should be 
initiated to cover resistant staphylococci at those institutions with a high incidence of 
MRSA, such as vancomycin, pending the results of microbiological sensitivity testing, or 
initiate nafcillin or oxacillin at those hospitals where there is still a low incidence of 
MRSA. 

Prevention of Infection 

As previously noted, guidelines for prevention of intravascular catheter infections have 
been recently published (151,153). 

A recent, prospective study of 272 arterial catheters found no significant difference in 
arterial catheter colonization or catheter-related infection when patients were randomized 
to have their catheters inserted using sterile gloves, mask, cap, sterile gown, and sheet 
versus sterile gloves only (189). Although sterile gloves and drapes are likely to be 
adequate barrier precautions during arterial catheter insertion, a long-sleeved, sterile 
surgical gown, mask, and eye protection should also be worn to reduce the risk of 
exposure to potential bloodborne pathogens. 

Similar to PA catheters, chlorhexidine is the cutaneous antiseptic of choice for 
insertion site preparation (185). Regarding dressings used to cover arterial catheter 
insertion sites, gauze and tape is preferable if there is oozing of blood from the insertion 
site. 

Two randomized trials have shown that heparin flush reduces risk of thrombosis of 
arterial catheters (205,206). In a study involving arterial and venous catheters, there was a 
significantly increased likelihood of catheter colonization with intraluminal or 
extraluminal thrombus formation (OR 6 (207)). This information, and similar findings 
with PA and other catheters, suggests that heparin should be used as flush solution to 
prevent thrombus formation and infection in peripheral arterial catheters. 

Based on the available data from prospective studies, routine replacement of the 
arterial catheter, transducer, chamber dome assembly, and associated plasticware at 
scheduled intervals appears to be unnecessary. Because of the epidemics associated with 
faulty decontamination of reusable transducers, disposable, single-use transducer 
assemblies should be used. Other precautions regarding the monitoring equipment are 
similar to those discussed in the section on prevention of PA catheter-related infections. 
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There are no prospective studies of innovative arterial catheter hubs or antiseptic-
coated arterial catheters. Because of the low incidence of peripheral arterial catheter-
related bloodstream infection, it will be difficult to show an impact of any new strategy 
unless very large numbers of patients are studied. Any new preventive strategy must be 
shown to be cost-effective, especially since the incidence of infection is so low at the 
current time. It is important, however, for clinicians using peripheral arterial catheters to 
assess the need for continued arterial pressure monitoring on a daily basis and remove the 
catheter as soon as feasible. It is hoped that future technological advances will permit 
hemodynamic monitoring of patients noninvasively (119), further reducing their risk of 
hospital-acquired infection. 
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INTRODUCTION 

Evaluation of Central Venous Catheters 

Long-term venous access devices have revolutionized the medical care of chronically ill 
patients. Clinicians who treated such patients 30 or 40 years ago can particularly 
appreciate the impact of these devices. With the use of small peripheral venous catheters, 
the treatment of cancer patients was once complicated by extravasation of toxic agents 
and thrombosis of peripheral veins, which often limited intravenous chemotherapy. The 
introduction of long-term silicone venous devices allowed the safe administration of 
chemotherapy drugs, blood products, total parenteral nutrition (TPN), fluids, antibiotics, 
and other substances over an extended period of time. There is no doubt that such devices 
helped decrease morbidity and mortality and minimized human suffering. 

Types of Central Venous Catheters 

Four general types of long-term central venous catheters are available (Fig. 1): tunneled 
catheters, nontunneled catheters, implantable ports, and peripherally inserted central 
catheters (PICCs). 

Tunneled Catheters 

The first tunneled catheter was developed by Broviac in the early 1970s for patients who 
required long-term TPN (1). Subsequently, Hickman developed another long-term 
tunneled catheter for patients undergoing bone marrow transplantation (2). In contrast 
with the thick-walled Hickman and Broviac catheters, Groshong developed a thin-walled 
catheter characterized by a two-slit valve adjacent to a rounded, closed end that remains 
closed unless fluids are being infused or blood is being withdrawn. This eliminates the 
need to clamp the catheter and decreases the risk of intraluminal blood clotting or 
infusion of air when the catheter is not in use. Tunneled catheters usually exit the body 
midway between the nipple and the sternum and are tunneled for several inches to the 
cannulated vein. All tunneled catheters have a Dacron cuff that is located in the proximal 
subcutaneous segment 5 cm from the exit site. The Dacron cuff becomes enmeshed with 
fibrous tissue, anchoring the catheter and creating a tissue interface barrier against the 



migration of skin organisms. Tunneled catheters are available in single-, double-, or 
triple-lumen cannulae. 

 

 

Figure 1 Four types of long-term 
silicone catheters: PICC line, Hickman 
(with Dacron cuff), port, and 
nontunneled subclavian central venous 
catheters. 

Nontunneled Catheters 

Nontunneled subclavian silicone catheters have the smallest lumen and external diameter. 
They can be maintained for extended periods up to 400 days (3). They can be inserted 
percutaneously in the subclavian vein in outpatient nonsurgical settings. If a nontunneled 
catheter becomes displaced or a catheter-related infection (CRI) occurs, it can be 
exchanged over a guide wire. 

Implantable Ports 

An implantable port consists of a metal or plastic port inserted completely beneath the 
skin and connected to a catheter tube (4). Ports are usually placed in a subcutaneous 
pocket of the upper chest wall (central subclavian ports) or in the antecubital area of the 
arm (peripheral ports). Ports are available as single- or double-lumen catheters with or 
without the Groshong valve. 
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Peripherally Inserted Central Catheters 

During the last decade, the use of PICCs has gained acceptance as a method for long-term 
venous access. A PICC is a type of catheter that is inserted peripherally at or above the 
antecubital space in the cephalic vein, the basilic vein, the medial cephalic vein, or the 
medial basilic vein and advanced into the central venous system. This catheter is usually 
inserted percutaneously in an outpatient nonsurgical setting by a trained infusion therapy 
nurse. It has been shown at our center that these catheters are safe and have a mean 
duration of placement of 117 days. The PICCs are associated with a low infection rate 
and low cost (3). Generally, the catheters are composed of silicone elastomers or 
polyurethane material and may or may not have a Groshong valve. Placement of a PICC 
requires only local anesthesia and minimal surgery. 

EPIDEMIOLOGY OF INFECTIOUS COMPLICATIONS 

Uncomplicated, long-term intravenous access contributes significantly to the comfort of 
patients with a variety of conditions, such as hematologic malignancies, solid tumors, 
sickle cell anemia, aplastic anemia, endocarditis, burns, Crohn’s disease, osteomyelitis, 
and other cases in which a large vessel is required for safe infusion. Infection remains a 
significant cause of morbidity for patients with long-term central venous catheters 
(CVCs). Catheter-related infections can be classified as exit-site infections, tunnel tract 
infections, port pocket infections, and catheter-related bacteremia or fungemia. Catheter-
related bloodstream infections (CRBSIs) and exit-site infections are common to all types 
of catheters; however, port pocket infections and tunnel infections are specific to 
implantable devices and tunneled catheters, respectively. Phlebitis is more common with 
PICCs. 

It is difficult to interpret and compare reports of CRIs because of differences in 
populations, catheter use, length of catheterization, and methods of diagnosing true CRI. 
Several factors have been reported to correlate with the incidence of infection: type of 
fluid infused, therapy with interleukin-2, the patient’s neutrophil count, and occurrence of 
catheter thrombosis. 

In one study, patients with tunneled catheters that had been placed primarily for TPN 
experienced a higher rate of infection (22.9%) than patients whose catheters were placed 
for antibiotic management of infection (12.7%) or patients who received chemotherapy 
only (4.9%) (5). Patients receiving biologic modifiers such as interleukin-2 have also 
been shown to have a higher risk for catheter infection caused by staphylococcal 
organisms (6–8). 

In a study conducted by Howell and colleagues of patients with long-term indwelling 
tunneled CVCs who were followed for a total of 12,410 catheter-days, neutropenia of 
<500 neutrophils per mm3 of blood was the only independent risk factor for catheter-
related infection (P=0.018) (9). Catheter infections were significantly more likely to 
occur during the first week of neutropenia than during the remaining neutropenic days. 
However, in a study conducted at our center (3), neither neutropenia, bone marrow 
transplantation, use of high-dose steroids, nor infusion of vesicant chemo therapy agents 
through the CVC predisposed patients to catheter infection. The only statistically 
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significant risk factor for catheter infection was hematologic malignancy (acute 
lymphocytic leukemia or acute myelocytic leukemia). 

The same was observed by Groeger and colleagues (10) in a study of patients with 
leukemia who had shorter infection-free periods compared with patients with lymphomas 
or myeloma (P=0.02), but neutropenia was not evaluated as a risk factor except at the 
time of catheter insertion. In addition, patients with solid tumors had longer infection-free 
periods than those who had hematologic diseases (P=0.005) (10). Independent of 
neutropenia, patients with hematologic malignancies may be at a higher risk of infection 
because of excessive manipulation of catheters resulting from the high frequency of 
blood transfusions and blood withdrawals done through the catheter. In a multivariate 
logistic regression analysis of various risk factors (including neutropenia), blood product 
transfusions were found to be the only risk factor associated with CRBSI (11). 

A recent postmortem study on long-term CVC use conducted at our center 
demonstrated that 38% of catheterized veins had evidence of mural thrombosis and that 
vascular mural thrombosis of the catheterized veins was significantly associated with 
catheter-related septicemia (12). This relationship was independent of other host or 
catheter variables such as underlying disease, thrombocytopenia, and site and duration of 
catheterization. It was previously demonstrated at the subclinical microscopic level that 
the fibrin sheath, which engulfs most indwelling catheters, promotes the adherence of 
staphylococci and Candida spp. Our postmortem study offers evidence that the pathology 
of mural thrombosis of catheterized veins is associated with clinical catheter-related 
sepsis. Two other studies evaluating a related question failed to document an association 
between clotting in the vicinity of the catheter and risk of infection (9,10). 

PATHOGENESIS AND MICROBIOLOGY OF CATHETER-
RELATED INFECTION 

Adherence Factors 

In prospective studies, the most common organisms causing catheter infection have been 
coagulase-negative staphylococci, Staphylococcus aureus, and yeasts. Extensive reviews 
of cases of long-term CVC sepsis implicated coagulase-negative staphylococci in more 
than 50% of the infections. Adherence of the bacteria to the catheter surface depends on 
the interaction of the host, the microbial factors, and the catheter material (13–15). 

First, the host considers the catheter a foreign body and reacts by forming a thrombin 
sleeve around it (16,17). This thrombin layer is rich in fibrin and fibronectin (substances 
that S. aureus, and Candida adhere to tightly). Both S. aureus and Candida albicans are 
coagulase-producing organisms that benefit from the process of thrombogenesis by 
adhering tightly to the fibrin-rich layer of the biofilm (18,19). Coagulase-negative 
staphylococci adhere to fibronectin but not to fibrin (19). 

Second, the microbial factors include the production of exopolysaccharides. Microbial 
organisms, particularly slime-producing coagulase-negative staphylococci, S. aureus, and 
Candida parapsilosis, enhance adherence by producing a polysaccharide adhesin, also 
known as extracellular slime, that constitutes the microbial substance of the biofilm (20–
23). The biofilm layer, which is made of microbial and host substances, is conducive not 
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only to the continued adherence of the organisms, but also to their maintenance, because 
it acts as a barrier that protects embedded organisms from antibiotics, phagocytic 
neutrophils, macrophages, and antibodies (24–27). 

The third factor that plays a role in the adherence process is the catheter material. 
Several investigators have shown, for example, that S. aureus and Candida spp. adhere 
better to polyvinyl chloride catheters than to Teflon catheters (28). Staphylococci 
preferentially adhere to silicone (29). Several prospective studies in which quantitative 
catheter cultures were used have shown that the most common organisms causing CRIs 
are coagulase-negative staphylococci, S. aureus, and Candida spp. (30−37). C.albicans 
and C. parapsilosis account for most of the Candida spp. causing CRIs. 

Bacterial Colonization 

The source of catheter colonization remains a controversial issue. For short-term 
polyurethane catheters, Maki (38) showed that the skin is the most common source for 
catheter colonization and catheter-related bacteremia. Sitges-Serra et al. (39–41) have 
emphasized the hub as the most common source of catheter-related septicemia. To assess 
the degree of luminal and extraluminal colonization of long-term CVCs, we prospectively 
studied 359 indwelling silicone CVCs from a cohort of 340 cancer patients. All CVCs 
were cultured by the roll-plate and sonication quantitative culture techniques. 
Semiquantitative electron microscopy was done on all CVCs associated with catheter 
infection and on matched culture-negative controls. External surface colonization, most 
likely originating from the skin, was predominant in the first 10 days of the catheter 
placement; luminal colonization, probably originating from the hub, became predominant 
after 30 days of catheter placement. Luminal colonization increased progressively with 
duration of catheterization in both premortem and postmortem catheters, supporting the 
notion that prolonged excessive use of long-term catheters would lead to contaminated 
hubs and in turn to increased luminal colonization (42). Hence, the hub rather than the 
insertion site is the major source of long-term catheter colonization. 

Port pocket infection, usually caused by Gram-positive cocci, often follows direct 
inoculation or migration of organisms along the accessing needle into the septum of the 
port bell. Whereas coagulase-negative staphylococci and S.aureus are introduced through 
the skin and contaminated hubs (38–41), many of the Candida infections are thought to 
seed hematogenously from the gastrointestinal tract and adhere to the fibrin and 
fibronectin on the surface of the catheter (43). Infusion-related sepsis caused by 
contaminated infusate is often caused by Gram-negative bacilli such as Enterobacter, 
Pseudomonas, Citrobacter, and Serratia species (13). 

COMPARISON OF CATHETERS 

Infection Rates 

No prospective randomized study in the literature has compared the complications related 
to the different types of catheters including nontunneled subclavian catheters. The 
available studies published to date are controversial. Reporting catheter infections 
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according to the percentage of catheters that become infected without considering the 
duration of catheter use is inappropriate. Many institutions report catheter infection rates 
as the number of infection episodes per 100 or 1000 patient-days of catheter use. Based 
on this concept, the incidence of catheter-related infection with both tunneled and 
nontunneled long-term silicone catheters ranges from 1.0 to 1.9 episodes per 1000 
catheter-days. In 13 studies reviewed by Clarke and Raffin (44), 17 studies reviewed by 
Press et al. (45), and 21 studies reviewed by Decker and Edwards (46), the incidence of 
long-term CVC infection was found to be in the range of 1.4 per 1000 catheter-days. The 
review by Howell et al. included 26 studies of 3948 catheters in 3478 adult cancer 
patients and reported a CVC infection rate of 1.9 per 1000 catheter-days (9). 

The study of 108 catheters conducted by Pasqual et al. (47) comparing Groshong and 
Hickman catheters indicated that there was no significant difference in septic 
complications resulting from the use of these devices. Keung et al. (48) conducted a 
retrospective comparative study of infectious complications associated with 111 long-
term CVCs of different types. Using the log rank test and Cox’s multivariate analysis, 
they also found no significant difference in catheter-related infections between Hickman 
and Groshong catheters or between subcutaneous ports and tunneled catheters. Likewise, 
Mueller et al. (49), in a prospective randomized trial comparing complications in external 
tunneled catheters and subcutaneous ports in 100 children and adults, found no 
significant difference in the incidence of infection between the two types of devices. 

Conversely, Gleeson et al. (50) conducted a study on 104 catheters and found that 
catheter sepsis occurred with 32% of Groshong catheters versus 16.2% of Hickman ports 
(P=0.04). Carde and colleagues reported a trial of 100 patients with solid tumors who 
were randomly assigned to implanted ports or tunneled catheter treatment; the rates of 
infection were 2% and 11%, respectively (51). 

Because of the differences among published studies regarding the rates of infection 
with different types of catheters, Sariego and colleagues (52) retrospectively reviewed a 
total of 1422 catheters including 730 single-lumen Hickman catheters, 368 double-lumen 
Hickman catheters, and 307 single-lumen ports. Overall, 60 catheters were removed, 
replaced, or both prior to completion of the intended therapy (4%). Reasons for removal 
were infection in 1% of cases and catheter malfunction in 3%. The percentage of ports 
removed was significantly greater than the percentage of Hickman catheters removed 
(P<0.001). Another study conducted by Mirro and colleagues (53) involving 120 
Hickman catheters, 146 Broviac catheters, and 93 implantable ports in children with 
malignancy showed that, when all causes of catheter failure were considered, such as 
infection, obstruction, or dislodgment, indwelling ports had a significantly longer 
duration of use than percutaneous Hickman or Broviac catheters (P=0.0009). In a 
prospective observational study conducted on 1630 long-term venous catheters (923 
percutaneous catheters and 707 ports), Groeger and colleagues found that the incidence 
of infection per device per day was 12 times greater with externalized tunneled catheters 
than with ports (10). 

The number of lumens was thought to play a role in catheter-related infections, but in 
several studies the differences in rates were not statistically significant. One study 
conducted by Early et al. (54) showed that infection rate was significantly less in the 
single-lumen catheter than in the double-lumen catheter (one infection per 1210 days 
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versus one infection per 496 days, respectively; P≤0.02); however, this study was 
retrospective and therefore possibly subject to various types of biases. 

We are not aware of a single prospective randomized study where the risk factors for 
catheter infection (such as underlying diseases, neutropenia, thrombosis, duration of 
placement, and the various uses of the catheter) were matched among the patients 
undergoing such comparative evaluation. In the absence of such a study, comparisons are 
subject to selection bias in this very complicated patient population. However, after 
reviewing the current literature, one may conclude that ports may be associated with the 
lowest infection rates. In a large prospective study that included 20,041 nontunneled 
long-term CVCs, 882 tunneled CVCs, and 2148 ports, the implantable ports were 
associated with the lowest rate of CRBSI (55). 

Durability, Lifestyle, and Cost 

Use of the tunneled catheter was thought to be a means of preventing migration of 
microorganisms from skin along the intercutaneous surface of the catheter. However, 
analysis of data from The University of Texas M.D. Anderson Cancer Center (3,55) in 
comparison with published data on tunneled catheters revealed that tunneled cuffed 
catheters had no distinct advantage over percutaneous nontunneled subclavian silicone 
catheters. One advantage of percutaneous nontunneled subclavian silicone catheters, such 
as the Hohn catheters (Davol, Inc., Bard Access System, Salt Lake City, UT), is that they 
can be inserted in an outpatient setting. These devices can also be removed easily if a 
catheter-related complication occurs, and they are associated with long durability (mean 
duration of placement is 149 days), low infection rate (0.073 bloodstream infections per 
1000 catheter-days), and significant cost savings when compared to surgically 
implantable catheters (ports, Hickman, and Broviac) (Table 1) (55). However, 
percutaneous non- 

Table 1 Estimated Insertion Cost (to the Patient) of 
Catheters at M. D.Anderson Cancer Center 

  Nontunneled   

Cost items PICC Subclavian 

Hickman tunneled CVC 

Port 

Physician $116a $374 $953 $953 

Clinic 90 90 90 90 

Catheter 65 88 95 730 

Supplies 149 94 799 799 

X-ray 115 115 96 96 

Fluoroscopic imaging – – 81 81 

Coagulation study 47 47 47 47 

Anesthesia – – 274 274 

Operating room – – 635 635 
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Recovery room – – 236 236 

Hospital room – – – 375 

Total $582 $808 $3,306 $4,316 
aPICCs are inserted by nurses. The $116 is the nurse’s insertion fee. 

tunneled subclavian silicone catheters require daily heparin injection and weekly dressing 
changes, which are disadvantages. 

There are several disadvantages to using tunneled catheters. The procedures involved 
in inserting and removing these devices are more invasive and more costly than some 
other catheter placement procedures. Daily heparin injections are also required, except 
for Groshong tunneled CVCs. Because they are external catheters, the patients’ body 
image can be affected, and this serves as a constant reminder of their disease. The daily-
to-weekly site care, cost of maintenance (including dressing materials, dressings cost, 
frequency of flushing, and cap changing), and surgery to insert the device (which 
necessitates postoperative care for 7 to 10 days) are other disadvantages of tunneled 
catheter use. However, one advantage of tunneled catheters is that breaks or tears in the 
device can be repaired easily (56). They can be easily maintained in a home setting and 
can be removed in an outpatient or inpatient setting (57). 

Implantable ports carry less risk of infection and less interference with the patient’s 
body image and lifestyle. In large prospective studies that included ports and other long-
term CVCs, the implantable ports were associated with a significantly lower rate of 
CRBSI when compared with PICCs and tunneled and nontunneled CVCs (55,58). 
Maintenance is minimal, and there is no visible reminder of the patient’s illness. The 
presence of this device is revealed by only a small bump under the skin, allowing the 
patient freedom of activity. Implantable ports are preferred in children and patients with 
active lifestyles, especially those who enjoy water sports. However, disadvantages to the 
use of implantable catheters are their high cost, the 7- to 10-day postoperative care period 
after insertion, and the objection of some patients to the needlestick required to access the 
port. Removal of the port also requires a minor surgical procedure. 

The PICCs offer inexpensive outpatient placement that does not require surgery and 
can usually be performed by a specialized nurse. They are easily removed in an 
outpatient setting. Their major disadvantages are that daily care is required and that they 
do affect the patient’s body image and activity. Because the catheter is not tunneled and 
may not be sutured, an occlusive dressing over the exit site is required at all times. In 
addition, because of their small lumen size, some PICCs are not recommended for blood 
withdrawal because they tend to collapse when aspirated (59). 

The PICC is gaining acceptance as a long-term venous access device (60–65). A 
review of the literature indicates some detailed description of the complications resulting 
from the use of this type of catheter. Phlebitis associated with PICCs is reported in 3.8% 
to 18% of cases (60–62). This phlebitis is mostly aseptic and has been reported to resolve 
within 24 to 48 hours without the need to remove the catheter (63). Sepsis associated with 
this type of catheter is low. In a prospective follow-up of 351 PICCs that were inserted 
for a total of 10,562 catheter-days, 32.8% were removed due to a complication (65). 
These complications included infection (7.4%, 2.46/1000 catheter-days), phlebitis 
(6.6%), vein thrombosis (3.4%), PICC occlusion (4%), and mechanical problems (6%). 
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In another prospective observational study of 14,530 PICCs at our institution, we 
demonstrated that such catheters have a mean duration of placement of 117 days with a 
CRBSI rate of 0.065/ 1000 catheter-days (58). This low infection rate was comparable to 
that of the tunneled and nontunneled subclavian CVCs. 

In conclusion, given the high cost of surgically inserted catheters (ports and tunneled 
devices) and the long durability of nontunneled percutaneous catheters (such as 
nontunneled subclavian catheters and PICCs), the primary physician should consider the 
percutaneous nontunneled silicone catheter as the first option when long-term venous 
access is required in the chronically ill patient. Ports should be considered in children and 
in patients who have an active life style or are concerned about cosmetic appearance. The 
role of the externalized tunneled catheter (Hickman or Broviac) devices should be 
critically reevaluated, given the high cost of their insertion and the lack of significant 
advantages (infection-free durability) over the PICCs and non-tunneled silicone 
subclavian catheters. 

PREVENTIVE STRATEGIES 

Tunneling and Ports 

The surgically implantable CVCs represent one of the earliest attempts to prevent the 
migration of skin organisms along the intercutaneous segment of the catheter. Indeed, the 
Dacron cuff incorporated into the subcutaneous segment of the tunneled Hickman and 
Broviac devices does create a tissue interface mechanical barrier against the migration of 
skin organisms (1,2). The completely implanted subcutaneous ports were developed in 
the 1980s with the same intention of avoiding the migration of organisms from the skin 
along the intercutaneous pathway into the bloodstream (4). However, although the 
bloodstream infection rate of surgically implantable intravascular devices is low, these 
devices continue to be associated with serious bacteremia and fungemia episodes as well 
as with tunnel or port site infections (10,66). Given the high cost of inserting and 
removing such devices, which is in the range of $3000 to $4000 per device, one has to 
ask the question (3), “Could the same end point of a long durability and low infection rate 
be achieved by using safe nontunneled silicone catheters?” 

Two prospective randomized studies evaluated the effect of catheter tunneling on 
catheter-related infections (67,68). One study evaluated long-term CVCs (mostly silicone 
catheters) placed in immunocompromised patients. The risks of catheter-related 
bacteremia associated with tunneled andnontunneled CVCs were 2% and 5%, 
respectively. The difference was not significant, most likely due to the relatively small 
number of patients in each group (107 and 105 patients, respectively). In another study 
involving short-term polyurethane catheters placed in the internal jugular vein of 
critically ill patients, tunneled CVCs were associated with a significantly lower rate of 
catheter-related bacteremia than nontunneled CVCS. Therefore, tunneling of CVCs may 
decrease the risk of catheter-related bacteremia in the use of short-term polyurethane 
CVCs. But is the additional cost of tunneling justified in the use of long-term silicone 
CVCs? Two large prospective observational studies that evaluated long-term silicone 
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CVCs in cancer patients showed that the CRBSI rate associated with a tunneled CVC is 
comparable to that associated with nontunneled subclavian CVCs and PICCs (55,58). 

Maximal Sterile Barriers 

At M.D.Anderson Cancer Center, we showed that nontunneled silicone CVCs inserted in 
the subclavian vein could be maintained for a long period of time (mean duration of stay 
of 100 days) with a very low infection rate (1.3 per 1000 catheter-days). This is 
particularly true if these catheters are cared for by a specialized infusion therapy team and 
are inserted under maximal sterile barrier precautions. We conducted a randomized 
prospective controlled trial comparing maximal sterile barrier precautions (which 
involved wearing sterile gloves, a mask, a gown, and a cap and using a large drape) 
during the insertion of a nontunneled subclavian silicone CVC versus less rigorous 
procedures (which involved wearing only gloves and using a small drape) as the control 
(69). The catheter-related sepsis rate was 6.3 times higher in the control group compared 
to the maximal sterile barrier group (P=0.03). Most (67%) of the catheter-related 
infections in the control group occurred during the first week postinsertion, whereas all of 
the infections in the sterile barrier group occurred more than two months following 
insertion (P=<0.01). Cost-benefit analysis of these data showed the use of such 
precautions as highly cost-effective. Such data are compelling in favor of using maximal 
sterile barriers during the insertion of nontunneled silicone catheters, particularly in an 
outpatient nonsurgical setting. What was remarkable about that study, however, was that 
the catheter-related septicemia rate in the control arm was 0.5 per 1000 catheter-days 
whereas in the maximal sterile barrier arm the catheter-related septicemia rate was 
reduced to 0.08 per 1000 catheter-days. The mean duration of stay was 67 to 70 days, and 
these long-term catheters were followed up to 100 days. Hence, one can conclude that 
nontunneled silicone catheters (inserted in the subclavian vein or as PICC lines) are 
associated with a very low infection rate if inserted in an aseptic manner and cared for 
meticulously (3,55,58,69). 

Flushing With Antimicrobials 

Because the catheter hub and the catheter lumen could be major sources of colonization, 
prevention of catheter infection has been attempted through the use of antimicrobial or 
anticoagulant flush solutions. In several studies, a solution consisting of 
heparin/vancomycin was used to flush tunneled CVCs and its efficacy was compared to 
that of heparin alone (70–73). Another prospective randomized study in pediatric patients 
failed to show any benefit from heparin-vancomycin lock solution over heparin alone in 
preventing CRBSI (74). Irrespective of its efficacy, there are at least three factors that can 
potentially limit the use of heparin/vancomycin catheter flush solutions: (a) the 
incompatibility of heparin and vancomcin (b) the limitation of the activity of vancomycin 
against Gram-positive bacteria that might lead to superinfection with Gram-negative 
bacilli and Candida spp., and (c) the concern over the development of vancomycin-
resistant Gram-positive cocci, given the fact that vancomycin is the drug of choice for the 
treatment of established infections caused by methicillin-resistant staphylococci and 
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penicillin-resistant enterococci. This concern is particularly heightened during this era of 
emerging vancomycin-resistant entercocci. 

Recently, a flush solution consisting of a new combination of low concentration 
minocycline and EDTA was developed (75). The latter compound has been shown to 
have an anticoagulant activity equal to or even stronger than heparin, and this 
anticoagulant activity is not diminished by the addition of minocycline. Hence, there is 
no incompatibility between EDTA and minocycline. In contrast, this combination was 
found to have a broad-spectrum and often synergistic activity against methicillin-resistant 
staphylococci, Gram-negative bacilli (such as Escherichia aerogenes and 
Stenotrophomonas maltophilia), and C. albicans. In addition, neither mino cycline nor 
EDTA is used in the treatment of bloodstream infections; hence, the risk of the 
emergence of organisms resistant to this microbiocidal combination is low and should not 
result in a therapeutic dilemma. In a rabbit model of vascular catheter-related infection, 
this combination was found to be highly efficacious in preventing Staphylococcus 
epidermidis bacteremia, catheter-related septic phlebitis, and right-sided endocarditis 
when compared with heparin (76). This flush solution was also found to prevent the 
recurrence of catheter and implantable port infections in adult and pediatric cancer 
patients (75,77). 

Antimicrobial Coating of Catheters 

In the 1990s, significant progress was made in demonstrating that short-term 
polyurethane catheters could be coated with various antiseptics and antimicrobial agents, 
resulting in a significant decrease in catheter-related bacteremia. Kamal and colleagues 
demonstrated the protective efficacy of bonding short-term CVCs with cefazolin using a 
cationic bonding surfactant, tridodecyl methylammonium chloride (78). Maki and 
colleagues coated short-term polyurethane CVCs with silver sulfadiazine/chlorhexidine 
and demonstrated that such catheters were twofold less likely to become colo-nized and 
were at least fourfold less likely to produce bacteremia (79). We coated short-term 
polyurethane triple-lumen catheters with a combination of minocycline and rifampin and 
demonstrated that such catheters have broad-spectrum in vitro inhibitory activity against 
Gram-positive bacteria, Gram-negative bacteria, and C. albicans (80). These catheters 
were also found to be highly efficacious in preventing colonization in a rabbit model and 
in a multi-center prospective randomized clinical trial (80,81). 

In a prospective randomized multicenter clinical trial, short-term polyurethane CVCs 
impregnated with minocycline and rifampin were 12 times less likely to be associated 
with CRBSIs and three times less likely to be colonized compared to a first-generation 
short-term polyurethane CVCs impregnated only externally with chlorhexidine/silver 
sulfadiazine (82). The catheters impregnated with minocycline and rifampin had the 
advantage of being coated both on the external surface as well as in the lumen, and the 
antimicrobial durability of the minocycline/rifampin catheters extended to more than four 
weeks. The first-generation antiseptic CVCs impregnated with chlorhexidine/silver 
sulfadiazine only on the external surface did not reduce the risk of CRBSIs in leukemia 
and lymphoma patients who required catheterization for a mean duration of 20 days. This 
was attributed to the fact that these first-generation chlorhexidine/silver sulfadiazine 
antiseptic catheters did not provide any “protection” for the lumen of the CVC (which is 
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of special importance in the pathogenesis of long-term CRBSIs) and had a limited 
antimicrobial durability of less than two weeks. A second-generation polyurethane CVC 
impregnated with chlorhexidine and silver sulfadiazine on the external and internal 
surfaces was shown to retain antimicrobial activity longer than the first generation and 
may be associated with a better outcome in patients requiring long-term catheterization 
(83). 

Given the luminal protection and the prolonged antimicrobial durability of CVCs 
impregnated with minocycline and rifampin, these CVCs were used in the pre-
engraftment phase of bone marrow transplant patients and were shown to decrease the 
risk of staphylococcal bloodstream infections by more than fourfold. However, concerns 
have been raised through in vitro studies as to the potential development of antibiotic 
resistance, particularly to rifampin, associated with prolonged use of such antimicrobial 
catheters. After long-term use of such antimicrobial catheters coated with minocycline 
and rifampin over a period of 21,888 catheter-days in bone marrow transplant patients 
between 1997 and 2001, staphylococcal organisms cultured from the blood and catheter 
tip of bone marrow transplant patients remained highly susceptible, with a MIC90 of less 
than 0.006 µg/mL to both minocycline and rifampin (84). In fact, the breakthrough 
staphylococcal organisms cultured from the bloodstream and catheter tips of bone 
marrow transplant patients, after four years of using the antimicrobial catheters 
impregnated with minocycline and rifampin, were more susceptible to minocycline and 
rifampin compared to baseline staphylococcal organisms cultured from CRBSIs at the 
same center prior to the usage of the antimicrobial catheters or to staphylococcal 
organisms cultured from leukemia patients where no antimicrobial catheters were used 
during the same time period (between 1997 and 2001). Subsequently, a prospective 
randomized study compared long-term silicone CVCs (nontunneled subclavian silicone 
catheters and PICCs) impregnated with minocycline/rifampin to uncoated control 
catheters used in cancer patients. Patients were followed until the catheters were removed 
or up to three months following insertion. The minocycline/rifampin long-term silicone 
catheters were 13-fold less likely to be associated with CRBSIs than were uncoated 
catheters (85). Recently, the Centers for Disease Control and Prevention published 
guidelines on the prevention of intravascular catheter-related infections (86). The use of 
“an antimicrobial- or antiseptic-impregnated central venous catheter in adults whose 
catheter is expected to remain in place for more than five days” was strongly 
recommended (Category 1B) “if, after implementing a comprehensive strategy to reduce 
rates of catheter-related bloodstream infection, the rate remains above the goal set by the 
institution based upon benchmark rates and local factors.” The comprehensive strategy 
should include the following three components: educating persons who insert and 
maintain the catheter’s use, use of maximum sterile barrier precautions, and a 2% 
chlorhexidine skin antiseptic during and every few days after CVC insertion (86). 
Antimicrobial and antiseptic silicone catheters, which are coated externally and internally 
and which are associated with a long antimicrobial durability extending beyond four 
weeks, could play a role in the prevention of infections associated with long-term silicone 
CVCs used in chronically ill patients. 
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GENERAL INTRODUCTION 

Implants used in the central nervous system include those for control of cerebrospinal 
fluid (CSF) pressure, those to measure or monitor it, and devices to deliver long-term 
intrathecal medication. Other implantable devices such as aneurism clips will not be 
considered here. 

Elevated CSF pressure can arise from cerebral edema due to encephalitis or from 
imbalance between CSF production and absorption, usually due to obstruction. If it 
causes secondary anatomical and neurological changes, it is termed hydrocephalus. 
Treatment of elevated CSF pressure considered to be transient may include the placement 
of an external ventricular drainage (EVD) system. While these can also be used to control 
hydrocephalus in the short term, the condition usually requires placement of a permanent 
shunting device. Removal of excess CSF can also be carried out for short-term pressure 
control after insertion of a reservoir that allows direct percutaneous ventricular access, 
although such reservoirs are usually used for administration of drugs such as those used 
to treat malignancy. Controlled infusion of antispasmodics or analgesics into the spinal 
theca is used increasingly for either spasticity or otherwise intractable pain. All of these 
devices are at risk of infection.  

HYDROCEPHALUS SHUNTING 

Introduction 

Hydrocephalus 

Hydrocephalus can be caused by any of a variety of conditions that predispose to 
obstruction of the CSF interventricular pathways (aqueducts) or of the absorptive system, 
especially the arachnoid villi. These include congenital anomalies, periventricular 
hemorrhage in babies or subarachnoid hemorrhage in adults, tumors, trauma, meningitis, 
and idiopathic stenosis of the aqueducts. Currently, most new cases occur in premature 



infants, but the condition also affects adults. Despite the variety of underlying causes, 
options for treatment are few. In those cases where the obstruction is within the 
ventricular system, an attempt can be made endoscopically to fenestrate the floor of the 
third ventricle, but where this is unsuccessful or where the site of obstruction precludes 
this approach, shunt placement is the only realistic option. 

Hydrocephalus Shunts 

The first shunting devices became widely available in the late 1950s, and since then 
designs have diversified but their function has changed little until recently. They are 
made mainly of silicone elastomer, sometimes with steel or plastic components (Fig. 1). 
They consist essentially of a tube placed in the cerebral ventricular system to collect CSF, 
a second tube to drain the CSF to another body cavity, and a valve to control flow rate 
and prevent reflux. Some also have inbuilt reservoirs to allow access to ventricular CSF 
for sampling. In the past decade, more sophisticated devices have been developed, 
notably those which can have their flow rate adjusted noninvasively using a magnetic 
programmer that moves a step motor inside the valve. These now often incorporate an 
antisiphon device. Further developments such as inbuilt pressure-sensing devices can be 
expected. 

Cerebrospinal fluid can be drained to the right cardiac atrium, the pleural cavity, the 
peritoneal cavity, or to other spaces, but currently in Europe the majority of shunts drain 
into the peritoneal cavity (ventriculoperitoneal, VP), with about 10−15% draining into the 
heart (ventriculoatrial, VA) (Fig. 2). Similar shunts can also be used to drain CSF from 
the lumbar theca to the peritoneal cavity but this route is less commonly used. 

Etiology and Pathogenesis of Shunt Infections 

Definition of Shunt Infection 

In order to avoid confusion when addressing issues of etiology and prevention, shunt 
infections must be defined. They can be divided into two types, external and internal (1). 
External shunt infections consist of infection of the extracranial soft tissues surrounding 
the shunt tubing or valve body, en hanced by the presence of the biomaterial. They 
usually arise as wound infections soon after surgery. In those with poor skin cover, such 
as premature neonates or the debilitated elderly, or in those with involuntary head 
movements, erosion of the healed wound can also occur and the wound become 
secondarily infected. In most practices, external infections constitute less than 5% of 
shunt infections. The major infective problem in shunting is internal shunt infection, 
consisting of colonization of the inner surfaces of the shunt tubing and valve (2). 

- 
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Figure 1 The Holter valve and shunt 
for control of hydrocephalus. (A) 
Ventricular catheter; (B) Rickham 
reservoir for sampling, pressure 
measurement, etc.; (C) unidirectional 
flow-control valves in a steel housing; 
(D) distal catheter to right atrium VA 
shunt or peritoneal cavity (VP shunt). 
Apart from the valve housings and the 
base of the reservoir, all parts are 
silicone. 
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Figure 2 (A) Route of ventriculoatrial 
shunt for hydrocephalus; (B) route of 
ventriculoperitoneal shunt. 

Costs and Consequences of Shunt Infections 

Though the hospital-based costs of shunt infection are recognized as high, with each 
infection estimated to cost about eight times as much as the original insertion, they are 
rarely computed. A model for this purpose has been proposed (3). The medical 
consequences include ventriculitis, abdominal adhesions and abscesses, loculated 
ventricles (4), sometimes bloodstream infection, and decreased mental acuity (5,6). 

Etiology and Causative Organisms 

The causative organisms of internal shunt infection are mainly staphylococci, with 
coagulase-negative staphylococci (CoNS), and particularly Staphylococcus epidermidis, 
predominating (7–11). There are no major differences in causative organisms between 
VA and VP, with the exception that VP shunt catheters occasionally pierce an abdominal 
viscus, intestinal bacteria, including anaerobes, are then found. The proportion of CoNS 
to S. aureus varies due to diagnostic criteria and other factors but it is approximately 
>90% CoNS to <10% S. aureus. 

The incidence of shunt infection is often cited as about 10% of operations, and the rate 
generated by a U.K. National Shunt Registry is 11% (12). There is no difference overall 
in the literature in infection rates between VA and VP shunts (1). However, these figures 
conceal wide differences (13,14), particularly between age groups. The incidence for 
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adults and older children is about 3–5% in many studies, but in those cases where infants 
less than 6 months of age are shunted, the incidence is often 10−25% (1,7,9–11). Though 
various theories have been advanced to explain this high rate, it is probably due to the 
sequence of life events in these children. Most are born prematurely or with a disability 
and are first treated in neonatal intensive care facilities. Only later when they have 
survived and shown evidence of developing hydrocephalus are they shunted, by which 
time they have received their normal flora from the hospital environment and staff rather 
than from their parents. One study has supported this, showing both a higher skin 
bacterial density and a higher number of adhesive staphylococci on the skins of such 
infants (9). 

Soon after shunts became available, infections appeared (15,16), but they were 
assumed to be either from the operating theatre environment or staff, or else not 
associated with the shunt surgery but rather caused by  

Table 1 Results of Intraoperative Sampling of 
Incisions During Shunt Insertion 

No. of patients 
sampled 

No. 
positive 

No. from patient (range, 
mean colonies) 

No. of unknown origin (range, 
mean colonies) 

100 58 32 1–55, mean 10 26 1–7, mean 2 

spontaneous or secondary bacteremias. Results of research have now clarified the 
position. In summary, the shunt and/or the CSF are contaminated during surgery by 
organisms from the patient’s skin or mucous membranes; hematogenous infection is 
extremely rare. In one study (17), 58 of 100 incisions were found to contain skin flora at 
the time of insertion of the shunt, and 32 were found by typing to be indistinguishable 
from those found on the patient’s skin before preparation for surgery (Table 1). In this 
series, there were 11 shunt infections and 9 of these were due to staphylococci 
indistinguishable from those in the incision that were derived from the patient. The 
remaining two were due to bacteria that could not be typed. Contamination of surgical 
incisions occurs commonly (18). Although the skin surface can be disinfected by agents 
such as alcoholic chlorhexidine, it is recolonized about 15–20 minutes later by bacteria 
from the glands and follicles (11,19). The incision is then contaminated from the wound 
edges (Fig. 3). However, although 32 patients had incisions contaminated with their skin 
bacteria, only a third of them developed a shunt infection, raising questions about the 
relative abilities of strains of the bacteria to colonize catheters.  

Once in contact with the inner surface of the shunt, staphylococci are able to adhere 
either to the silicone (2,20) or to the glycoprotein conditioning film, derived from the 
CSF, which is always deposited (21,22). In patients with elevated CSF protein 
concentrations, this will be deposited more rapidly. There are apparent paradoxes 
associated with conditioning film, in that CSF protein deposition has been found to 
reduce bacterial adhesion in some conditions (23) but to enhance it in others (24). 
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Figure 3 Shunt operation showing 
opportunities for bacterial access to the 
ventricles and the shunt system. 

Albumen is known to reduce staphylococcal adhesion, whereas other plasma proteins 
such as fibronectin, laminin, or fibrinogen are known to enhance it. Deposition of a 
conditioning film is a dynamic process (25), and the glycoproteins predominating will 
presumably determine the degree of bacterial adherence. Be this as it may, S. epidermidis 
is able to adhere to shunts after insertion (2,20), probably initially by means of 
vitronectin-binding protein (26). Due to the low concentration of nutrients in the CSF, 
subsequent proliferation is usually slow, though the low available iron concentrations at 
least can probably be countered by the presence of catecholamines in the CSF, which 
have been shown to act as bacterial iron capture agents (27). As proliferation progresses, 
bacterial stress signals operate to change the phenotype and a biofilm develops. The 
sequence of events and the biofilm development explain many of the clinical features of 
shunt infection. 

Other Causative Organisms 

About 20% of shunt infections are due to other organisms such as coryneforms, 
propionibacteria, oral streptococci, and occasionally Candida spp. and enterobacteria 
(Table 2) (28–51). In most centers these last two groups constitute less than 3–5% of 
infections. Again, most appear to be derived from the patient’s skin, and Candida and 
enterobacteria or other gram negative bacteria such as Acinetobacter spp. are commonly 
found on the skin of patients who have had courses of broad-spectrum antibiotics and 
have spent long periods in hospital before shunting. In a review of Candida shunt 
infection (46), the main predisposing factors were found to be recent meningitis or 
complications of abdominal surgery, each involving long hospital stay and antibiotic 
treatment. A report of two cases of cryptococcal shunt infection, in apparently 
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immunocompetent patients shunted on the same day by the same surgeon, showed that 
the two isolates were different on typing and were assumed to be due to preexisting 
infection (51). In most cases, the causative organisms are capable of adherence to the 
surfaces of the shunt catheter and of producing biofilms, as is the case with S. 
epidermidis. In some cases of candida infection, pseudohyphae cause shunt obstruction 
(1). 

Shunting of Patients with Postmeningitic Hydrocephalus 

Patients with cryptococcal meningitis who develop hydrocephalus will require shunting, 
and several reports have shown that this is safe after treatment has begun (52,53). 
Similarly, early shunting is beneficial in tuberculous meningitis complicated by 
hydrocephalus, and does not carry a risk of either shunt infection or dissemination of 
tuberculosis (54). However, Lamprecht et al. (55) have reported a high infection rate (due 
mainly to staphylococci) in patients shunted for tuberculous hydrocephalus.  

Table 2 Organisms Other than Staphylococci 
Reported to Cause Shunt Infections 

Organism Source Reference 

Coryneforms Kaplan and Weinstein, 1969 28 

Bolton et al., 1975 29 

Moss et al., 1977 30 

O’Regan and Makker, 1979 31 

Bayston, 1989 1 

Hande et al, 1976 32 

  

Allen and Green, 1986 33 

Propionibacteria Everett et al., 1976 34 

Beeler et al., 1976 35 

Skinner et al., 1978 36 

Brook et al., 1980 37 

Rekate et al., 1980 38 

Lim et al., 1980 39 

  

Bayston, 1989 1 

Heck et al., 1971 40 

Strife et al., 1976 41 

Listeria spp 

McLaurin, 1973 42 

Peptococcus Caron et al., 1979 43 
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Enterobacteria Denoya et al., 1986 44 

Pseudomonas Basset et al., 1973 45 

  Bayston, 1989 1 

Candida spp Sanchez-Portocarro et al., 1994 46 

  Bayston, 1989 1 

Mixed infections and anaerobes Brook et al., 1977 47 

Bayston, 1989 1 

Sami et al., 1995 48 

Shinkawa et al., 2001 49 

  

Park et al., 2000 50 

Community-Acquired Meningitis 

Meningitis due to Streptococcus pneumoniae, Neisseria meningitidis or Hemophilus 
influenzae occurs in shunted patients with the same frequency as in the remaining 
population, and should not be regarded as shunt infection. 

Diagnosis and Clinical Features 

Symptoms of Shunt Infection and Laboratory Tests 

The signs and symptoms of shunt infection differ between VA and YP shunts. In VA 
shunt infections, the patient may be apparently well, or suffer only minor or vague 
symptoms, for many years before presenting with illness serious enough to prompt 
investigation. In the early stages, there may be pyrexia, chills, anorexia, disturbed sleep 
patterns, and lassitude, though any of these can be intermittent or absent. On 
investigation, blood culture might yield S. epidermidis or a coryneform, and the 
investigator will be presented with the problem of determining whether this is infection 
or contamination. A reliable result apart from the documentation of repeatedly positive 
bloodcultures is the blood hemoglobin level, and those with a VA shunt infection are 
usually moderately anemic (about 8–10 g/dL). The anemia is refractory to iron therapy. 
Those patients with VA shunts who have vague symptoms, occasional pyrexias, and 
anemia should be suspected of having shunt infection. If for any reason the diagnosis is 
not made within 1–2 years of operation, the persisting discharge of bacteria from the 
shunt into the bloodstream stimulates production of extremely high concentrations of 
antibody, leading to immune complex disease. This is manifest by petechial or macular 
rashes which sometimes become ulcerated, particularly around the ankles; arthropathy 
with hot, painful joints; and hematuria (1,56). The hematuria indicates immune-complex 
glomerulonephritis caused by deposition of immune complexes on the glomerular 
basement membranes and stimulation of cytokine release (1,35,57). 
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Hypertension and elevated plasma urea and creatinine levels indicate renal failure. At 
this stage, blood cultures are often negative, presumably because of the high antibody 
levels. Patients can be referred to inappropriate specialties such as rheumatology, 
dermatology, hematology, or nephrology, causing further delay in diagnosis (58,59). A 
simple serological test has been found to be extremely reliable in diagnosing VA shunt 
infection, even before it becomes symptomatic, and this along with serum C3 and C4 
complement titers can confirm the diagnosis of VA shunt infection, with or without 
immune complex disease (1,60). However, this test is not widely available. When the test 
was applied to a group of 488 pediatric patients having VA shunts (61), 127 underwent 
serial serological testing before and up to six months after operation whereas 361 did not. 
Both groups were followed up conventionally for three years or until a shunt infection 
was diagnosed. The infection rate was the same (5.5%) in each group, but in the group 
without serological surveillance there were 10 cases of shunt nephritis, at least one of 
which was fatal, whereas in the surveillance group there was one case. This patient was 
diagnosed solely on the basis of serological results as having a shunt infection two weeks 
postoperatively but she had had an extremely difficult shunt history and the current shunt 
was working well; a decision was made to treat with antibiotics and observe. She 
remained clinically well though with intermittently positive blood cultures and rising 
antibody titers to S. epidermidis (>10,240, normal for age ≤160), until she became unwell 
17 months later with hematuria. Although the diagnosis in this case was made early, the 
symptoms presented as late shunt infection. Other than this case, there were no late 
infections in the surveillance group, but there were 17 in the conventional follow-up 
group. This and other evidence show that late shunt infection is almost invariably 
undiagnosed early infection. In view of the ease with which VA shunt infections can be 
diagnosed, shunt nephritis should not occur, and from the point of view of infection, VA 
shunts are as safe as VP shunts. 

Ventriculoperitoneal shunt infections usually present as recurrence of the original 
symptoms of hydrocephalus, because unlike VA infections, they usually result in 
obstruction of the distal catheter by adhesions or cysts of the greater omentum (62,63). 
Another major difference is that they usually present within 6–8 months of surgery, 
probably because of the obstruction. The clinical dilemma consists of differentiating 
between infective and noninfective obstruction. This can be done on the grounds of 
clinical history (presenting soon after surgery), presence of erythema along the shunt 
track, particularly over the torso, and laboratory tests. Blood cultures are almost always 
negative and are not indicated. The most useful laboratory test is the C-reactive protein 
(CRP) assay (64,65). Unfortunately, there is no serological test equivalent to that for VA 
infections. If a patient with a VP shunt has recurrence of symptoms of hydrocephalus 
within 6–8 months of operation, and if the serum CRP level is raised with no other 
obvious cause, then shunt infection should be suspected. 

When VA or VP shunt infection is suspected on grounds set out earlier, aspiration of 
ventricular CSF from the shunt reservoir might confirm it. The CSF neutrophil count is 
not always elevated, but culture is usually positive. A useful guide to the significance of 
cultures of CoNS is the ability to visualize them on a Gram stain of CSF (66). However, 
in a significant proportion of cases, the ventricular CSF appears normal and culture-
negative in the presence of colonization of the lower catheter. There is a risk of 
introducing infection by reservoir aspiration, although this is small. 
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Treatment 

Options for Treatment 

Early attempts to treat shunt infections with intravenous antibiotics in the same way as 
other staphylococcal infections were unsuccessful (67,68). This was shown to be due, at 
least in part, to the poor CSF drug concentrations achieved with intravenous 
administration. In fact, most antimicrobials commonly used intravenously fail to 
penetrate the blood/CSF barrier in the absence of inflammation, and the ventriculitis 
usually associated with shunt infection is not accompanied by a vigorous inflammatory 
response. This is true of all beta-lactams, which are at an added disadvantage due to the 
effective excretion pathway from the CSF space (69). A study by Faillace and Tan (70) 
has shown that, despite satisfactory serum levels, CSF concentrations of gentamicin and 
vancomycin after intravenous administration were too low to measure in patients without 
meningeal inflammation. Only a limited range of drugs overcomes this obstacle, these 
being chloramphenicol, rifampicin, and trimethoprim. Chloramphenicol has been 
disappointing in this context (71). Nau et al. (72) have reported that rifampicin gives 
thera-peutic CSF levels without meningeal inflammation. Cotrimoxazole has been used 
with limited success for treatment of S. epidermidis YP shunt infections (73). It was later 
realized that another important factor was the biofilm-mode growth of the bacteria inside 
the shunt (2,9). Organisms in a biofilm are slowgrowing and relatively insusceptible to 
antimicrobials (74,75). Though attempts to treat shunt infections nonsurgically continued 
to be made, a study by Shurtleff et al. (68) indicated that antibiotics without surgery had a 
poor outcome. James et al. (76) later showed conclusively, with a small but well-designed 
study, that the outcome was considerably better if the infected shunt was removed as part 
of the treatment. Based on this and other studies, shunt removal as part of the treatment of 
shunt infection is now accepted. However, even with shunt removal, treatment with 
intravenous antibiotics, usually dictated by susceptibility results, often still requires a 
long course with extraventricular drainage (EVD) to control CSF pressure until re-
shunting can be undertaken. Insertion of a new shunt is usually delayed until the 
ventricular CSF can be shown to be “clear.” While the absence of microorganisms is an 
obvious requirement, a normal CSF white blood cell (WBC) count has also been deemed 
necessary in some practices. The delay to reshunting in a patient who is clinically free 
from infection can lead to secondary infection from the EVD, and consumes healthcare 
resources. Whereas this has to be balanced against the catastrophe of recurrence of 
infection in the new shunt, the significance of a persistently abnormal CSF WBC count in 
such circumstances is open to question. White blood cells in the CSF are not always 
neutrophils. Macrophages containing myelin-derived lipid (77) can be mistaken for 
neutrophils, but these can be found in patients on EVD where CSF pressure control is 
sometimes less than optimal. Eosinophils are also to be found in the CSF of some patients 
treated with intraventricular vancomycin (78). A Giemsa stain in cases of persistently 
abnormal CSF WBC count can be helpful. 

Gentamicin has been used to treat CoNS shunt infections but the results have been 
generally disappointing (1). Rifampicin is highly active against most strains of 
staphylococci and other Gram-positive bacteria involved in shunt infections, although in 
centers where the drug is heavily used to treat other infections there may be a problem 
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with resistant hospital-derived strains. However, it must never be used alone as this is 
followed by rapid development of resistance (79). Of the glycopeptides, most experience 
has been gained with vancomycin. Although this agent when given intravenously fails to 
give satisfactory CSF concentrations in the absence of inflammation, it has been given 
safely by the intraventricular route in relatively large doses with no ill effect (80,81). 
With very rare exceptions, staphylococci and most other Gram-positive bacteria 
associated with shunt infections are susceptible. Enterococci are not reliably susceptible 
to glycopeptides (82). Probably the first use of intraventricular vancomycin for a shunt 
infection was by Visconti and Peters (83), who successfully eradicated an infection due to 
CoNS with an intraventricular dose of 20 mg vancornycin daily and shunt removal. Since 
then there have been several accounts of its use in this way. However, the use of 
vancomycin alone is not to be recommended and the addition of oral or systemic 
rifampicin has been found to make a significant difference to the outcome. Ring et al. 
(71) treated a CoNS VP shunt infection by shunt removal, but the infection persisted 
during treatment with chloramphenicol and nafcillin, being resolved rapidly only after 
starting oral rifampicin and intravenous vancomycin. A similar case was reported by 
Gombert et al. (84). Similarly, Ryan et al. (80) treated a case of enterococcal meningitis 
with intravenous vancomycin and intraventricular gentamicin without success, due to 
very low CSF drug concentrations. After institution of intraventricular vancomycin, the 
CSF drug levels became satisfactory, but with no clinical improvement. When oral 
rifampicin was added, prompt recovery occurred.  

Recommended Treatment 

The lengthy course of intravenous antibiotics and the wide variety used, with 
implications for treatment failure or relapse and for secondary infection, has led to a 
review by the British Society for Antimicrobial Chemotherapy and the issue of treatment 
guidelines (85). The treatment recommended for staphylococcal shunt infection is as 
follows: 

1. As soon as possible after diagnosis, the infected shunt should be removed and an EVD 
inserted. 

2. Intraventricular vancomycin, 20 mg each day, should be administered via the EVD 
with the EVD then clamped for one hour, or alternatively via a separately placed 
reservoir. The dose is not determined by the age or weight of the patient, although in 
cases of small or slit ventricles, 10 mg/day can be substituted. 

3. Intravenous rifampicin, 600 mg/day in two doses for adults and 15 mg/kg/day for 
children, should be administered. This can be changed to oral dosage after a few days. 
If the causative organism is resistant to rifampicin, other agents that give antimicrobial 
CSF concentrations in the absence of blood/CSF barrier inflammation, such as 
trimethoprim (not co-trimoxazole), can be substituted. Chloramphenicol, while 
penetrating well into the CSF, has poor antistaphylococcal cidal activity and cannot be 
recommended. Although fosfomycin has been used to treat staphylococcal meningitis, 
little is known of its use in shunt infections. In cases where the causative bacterium is 
resistant to other agents, intravenous vancomycin should be given in addition to that 
given intraventricularly. 
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4. CSF should be examined daily, using samples from the ventricular catheter rather than 
from the collection bag. Clinical and microbiological monitoring should show 
resolution of the infection by days 4–5, the final results being available by day 7 of 
treatment. If this is the case, reshunting should be carried out at the earliest 
opportunity thereafter, with the last dose of intraventricular vancomycin being given 
during surgery. No postoperative antibiotic treatment is necessary, and under no 
circumstances should rifampicin alone be continued beyond the day of surgery. 

CSF concentrations of vancomycin commonly exceed 100 mg/l but no central nervous 
system toxicity or other side effects have been recorded with concentrations of 200–300 
mg/l. Because of this, monitoring of CSF vancomycin levels is usually considered to be 
unnecessary. The use of the aforementioned regimen has led to considerable reductions in 
hospital stay with greatly improved treatment success and with reduction in relapse rate 
and secondary EVD infections. 

Concern about the possibility of resistance due to the presence of rifampicin alone in 
extradural compartments has led to the inclusion of other intravenous antibiotics such as 
flucloxacillin or, in the case of methicillin-resistance, vancomycin. Teicoplanin can be 
substituted on the grounds of its lower toxicity for intravenous use. Teicoplanin has been 
used intraventricularly in a few cases. Venditti et al. (86) treated two cases of methicillin-
resistant S. aureus (MRSA) shunt infection with 20 mg and 40 mg daily 
intraventricularly, and Fernandez Guerrero et al. (87) used 10 mg daily in two cases due 
to methicillin-resistant S. epidermidis (MRSE) and one due to enterococci. In all four 
cases the shunt was removed. The CSF levels were greater than four to eight times the 
minimal inhibitory concentration (MIC), and the infections were rapidly eradicated. The 
two glycopeptides have been compared (88). The use of linezolid has been considered in 
infections due to glycopeptide-resistant cocci. The drug has been shown to give 
therapeutic CSF concentrations after 600 mg twice daily intravenously, when measured at 
between 6 and 12 days after start of treatment of meningitis due to MRSE or MRSA (89). 
It was assumed that the inflammatory response had subsided at this time. Linezolid has 
been shown to have good activity against teicoplanin-resistant CoNS (90). Although the 
recommended regimen includes shunt removal, and clinical evidence supports this, 
Brown and Jones (91) have reported success with CoNS but not S. aureus using 
intraventricular vancomycin and oral rifampicin without shunt removal in selected 
patients. In cases where further surgery is contra-indicated, this approach should be 
considered. 

Treatment of Shunt Infection Caused by Gram-Negative Bacilli 

Treatment should be similar to that for meningitis caused by these organisms but the 
shunt should be removed. Meningeal inflammation is usually sufficient to ensure 
therapeutic CSF concentrations of antimicrobials such as third-generation cephalosporins, 
carbapenems, and quinolones with intravenous administration. Duration of treatment will 
vary depending on clinical and microbiological response and will range from 10 to 20 
days, but should be as short as possible to avoid secondary infection from external 
drainage. 
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Treatment of Shunt Infection Caused by Fungi 

Shunt infections due to Condida or Cryptococcus should be treated by shunt removal and 
antifungal therapy such as fluconazole 6 mg/kg daily for 10–14 days (92). In some cases 
where intravenous administration of amphotericin does not give adequate CSF levels, 
intraventricular administration can be considered (46). However, it should be noted that 
this can cause serious side effects (93). Combination of amphotericin with flucytosine 
allows the use of lower doses of amphotericin (94). 

Treatment of Community-Acquired Meningitis in Shunted Patients 

Though the rule for successful treatment of shunt infection is shunt removal, community-
acquired meningitis in shunted patients is an exception. In such cases the shunt should 
not be removed, as there appears to be no risk of its becoming colonized by the infecting 
bacteria, and shunted patients recover more quickly than those without shunts. Such 
infections should be treated in the same way as pneumococcal, meningococcal, or 
Haemophilus meningitis (1,95–99). 

Infections Caused by Visceral Perforation 

The lower catheter of a VP shunt sometimes perforates hollow viscera such as the large 
bowel, vagina, bladder, or scrotal sac. In such cases, the patient is often well with little or 
no clinical evidence of infection (47,48), though polymicrobial ventriculitis might be 
present. There is rarely evidence of peritonitis (49,50) and laparotomy is contraindicated, 
the perforation healing spontaneously. The shunt should be removed, with gentle traction 
on the lower catheter being all that is necessary to remove it. Broad-spectrum 
antimicrobials such as amoxicillin-clavulanate or a second-generation cephalosporin 
should be given along with metronidazole for 14 days or until the infection is eradicated. 
Reshunting, if necessary, may need to be by the VA route. 

External Shunt Infections 

As soon as external infection of the shunt is suspected, intravenous antimicrobials should 
be given. Cefuroxime is recommended for staphylococci and Gram-negative bacilli but, 
in the case of MRSA or MRSE, gentamicin and vancomycin or teicoplanin should be 
substituted. For resistant Gram-negative bacilli such as Pseudomonas aeruginosa, 
ceftazidime or a quinolone should be given. However, unless treatment is started early, 
the shunt is very unlikely to be salvaged. Signs of shunt obstruction or peritonitis, 
persistent fever, or continuing erythema or purulence around the shunt should prompt its 
immediate removal and continuance of antimicrobials for an additional 14 days before 
reshunting on the opposite side. 
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Prevention 

General Measures 

An appreciation of the etiology of shunt infections is essential to planned prevention. For 
practical purposes, all shunt infections are contracted at surgery to insert or revise them, 
and it is this event to which prevention strategies should be directed. One of the most 
powerful factors is the experience and expertise of the surgeon (100), but too often shunt 
surgery is delegated to juniors because of its apparent technical simplicity. As it is clear 
that most of the infecting organisms are derived from the patient’s skin or mucous 
membranes (8,9,17), the lack of convincing reports of the benefit from measures such as 
ultraclean air or exhaust suits (7) is not unexpected. Review of agents for skin preparation 
prior to incision has shown that an alcoholic formulation is superior to an aqueous one, 
and that chlorhexidine is better than povidone iodine (1,16,17). However, it must be 
realized that the skin surface will remain free of viable bacteria for a limited time only 
(16,17). Extensive shaving of the scalp is unnecessary, and the value of any shaving is 
questionable (101,102). Shaving damages the skin and, if used, it must be carried out 
immediately before surgery rather than the previous day to avoid formation of microfoci 
of infection in the skin. In most cases, clipping of the scalp hair is sufficient. The hair 
should have been thoroughly shampooed and dried shortly before surgery, and should 
again be wetted with alcoholic chlorhexidine during skin preparation. Any alcoholic 
preparations must be allowed to dry completely before surgery commences, and any 
pooling of alcohol beneath the patient should be removed to avoid risk of burns when 
diathermy is used. Attempts have been made to reduce the infection rate using barriers of 
gauze soaked in an antibiotic or antiseptic (103,104) at the skin edges in the incision, but 
a proper trial has not been undertaken. Similarly, impervious adhesive plastic drapes have 
been used, but studies in other areas of surgery have either not shown a significant 
difference in wound contamination, or have shown an increase in contamination during 
shunt surgery (19,103,105). 

Antimicrobial Prophylaxis 

Many studies have been carried out to investigate the efficacy of prophylactic 
antimicrobials in shunt surgery. A variety of agents has been given intravenously 
preoperatively, with beta-lactams such as flucloxacillin, methicillin, oxacillin, or nafcillin 
being the most common. As stated previously, none of these agents gives antimicrobial 
concentrations in the CSF in the absence of meningeal inflammation, and are therefore 
unlikely to have any effect on the incidence of shunt infection, with the possible 
exception of external infection. The same is true for aminoglycosides and glycopeptides 
(70). Tissue in the incision may show antimicrobial concentrations during surgery, but 
this is accompanied by an unchanged number of viable, susceptible bacteria, probably 
due to the extremely slow bactericidal action of antibiotics (106). Cotrimoxazole has 
been used (107) in a double-blind randomized controlled trial in the expectation that 
antimicrobial concentrations of trimethoprim would be attained, but there was no effect 
on infection rate. Interestingly, Blomstedt et al. (108) also used cotrimoxazole with a 
similar regimen and claimed a highly significant beneficial effect, but this could have 
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been due to the very high rate (23%) in their control group compared to 6% in the 
prophylaxis group. In fact, only some of those studies involving very high infection rates 
have shown an effect of antimicrobial prophylaxis. A review of publications on antibiotic 
prophylaxis in shunt surgery has been carried out by Brown et al. (109), in which the 
validity of the published trials was assessed according to whether they were controlled, 
randomized, used historical controls, contained sufficient numbers of patients to 
overcome a and β errors, and other factors. Almost all the trials were flawed in their 
design so that the data could not be used. The most common flaws were the nature of the 
controls and the numbers of patients enrolled. If an infection rate of 5% to 7% in controls 
is expected from previous clinical audit, approximately 700 patients would be required to 
show a statistically significant result with satisfactory attention to α and β errors. It is 
now considered unlikely that a satisfactory, properly constructed trial of sufficient size 
will ever be undertaken successfully.  

Three recent meta-analyses have been carried out in an attempt to resolve the issue. 
Reider et al. (110) analyzed five trials and did not detect a significant effect. Langley et 
al. (111) reviewed 37 studies from which they chose 12 that met their criteria for validity. 
In this group, only one trial claimed a significant benefit, but Langley et al. concluded, on 
the basis of their meta-analysis of the group, that antimicrobial prophylaxis was 
beneficial. Similarly, Haines and Walters (112) reviewed nine publications, eight of 
which appeared in Langley’s study, and found a beneficial effect after meta-analysis. 
These three meta-analyses have been reviewed by Brown et al. (109). The findings of this 
review were that the meta-analyses themselves could be criticized for poorly 
discriminating inclusion criteria, some of the studies included not complying with the 
criteria laid down by the authors. The conclusion of statistically significant benefit on 
these grounds was therefore very weak. In addition, the protective effect of antimicrobial 
prophylaxis, where it reached statistical significance, was again limited to studies with 
control infection rates higher then 15%, different factors probably being involved. 
Internal and external infections were not usually distinguished. Also, many different 
antimicrobial agents and regimens were used such that the findings could not be used to 
guide the practitioner as to which to use, if any. Almost all reports forming the basis of 
assessments of the incidence of shunt infection are derived from studies where 
antimicrobial prophylaxis has been used, yet rates above 10% are not uncommon (113). 
The report of the British Society for Antimicrobial Chemotherapy (85) stated that there 
was no clearly proven benefit to be expected from the use of antimicrobial prophylaxis in 
shunt surgery. However, if surgeons felt that they should use prophylaxis, the report 
recommended that vancomycin 10 mg and gentamicin 3 mg be instilled into the 
ventricular system at operation. If external shunt infections are seen to be a particular 
local problem, a first-or second-generation cephalosporin such as cephradine or 
cefuroxime, or alternatively amoxicillin-clavulanate, should be given intravenously at 
induction of anesthesia. 

Antimicrobial Prophylaxis in Dental and Other Procedures in Shunted Patients: 
Though a connection between dental procedures and shunt infection, particularly VA, has 
been assumed, no evidence exists to support this despite searches and surveys. All cases 
suspected to be due to bacteremia from dental procedures were shown to be unconnected 
(1). There is no evidence for the use of prophylactic antimicrobials in other procedures 
thought to constitute a risk to the shunt. Pittman et al. (114) reviewed 44 abdominal 
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operations, 18 involving opening of the gastrointestinal tract, and there were no 
subsequent infections whether prophylactic antibiotics were used or not. 

Shunt Soaking 

The practice of soaking and flushing shunts with antibiotic solution is widespread, with 
gentamicin or a cephalosporin most popular. However, no trials have been carried out to 
investigate the efficacy. A recent study (115) of the time taken to kill bacteria by 
irrigation fluid containing either antibiotics or elemental iodine showed that antibiotics 
are very slow to kill bacteria, whereas 100% were killed by 40 ppm iodine in seconds. 
Further investigations showed that this concentration was not toxic to neural tissue in a 
rat study. No clinical data are yet available. 

Antimicrobial Shunt Catheters 

A variety of antimicrobial catheters is available for vascular access or for other sites such 
as the urinary tract. Most of these are coated either with a ligand or reservoir for 
antibiotics or with silver compounds and/or antiseptics. Few are applicable to central 
nervous system use. One which has been recommended for prevention of shunt infection 
is coated with hydrogel (116). The claims are that the hydrogel surface, being 
hydrophilic, reduces bacterial attachment to the catheter surface (and, by implication, 
reduces infection rate), and that if antibiotics are dissolved in the water used to soak the 
catheter and rehydrate the hydrogel before use, they are taken up and released after 
implantation, again reducing the infection rate. A laboratory study (116) showed that 
antibacterial activity on agar plates lasted for between 2 and 84 hours depending on the 
antibiotics used, but eventual attachment of bacteria to the catheters was not prevented. 
These results were obtained despite the authors’ use of antibiotic concentrations typically 
50,000 times higher than the MIC for the bacteria in question. An animal implantation 
study by the same authors (117) revealed a puzzling phenomenon of abscess formation 
around hydrogel-coated, but not plain, catheters in the presence of either live or dead S. 
epidermidis. Nevertheless, two clinical trials have been carried out. The first (118) did 
not show a statistically significant difference for gentamicin-soaked hydrogel catheters. 
The second (119) claimed a significant difference, again with gentamicin-soaked 
catheters, but used historical controls and stratified groups of small numbers of patients, 
and Type II (β) error cannot be ruled out. The question of whether the hydrogel catheters 
are coated on the inner surface, where the great majority of shunt infections begin, has 
been addressed using confocal microscopy of tetracycline-soaked catheters. At pH 4.0, 
this antibiotic fluoresces bright green in UV light. Fluorescence was confined to the outer 
surface (Roger Bayston, 2003) indicating no hydrogel on the inner surface. Anecdotal 
reports suggest that, in situations of high incidence of external shunt infection, the 
external hydrogel coating might be beneficial in reducing bacterial attachment. 

In the early 1980s, we investigated processes by which antimicrobial agents could be 
impregnated into silicone catheters (120), and a range of agents was later tested for the 
ability to protect shunt catheters against bacterial challenge in a simulation model with 
flow conditions over several weeks (121). The two agents in combination that were 
clearly superior to any others were rifampicin and clindamycin, and extensive further 
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testing of these agents was undertaken. The amount of antimicrobials in the catheters was 
relatively small (0.54%), but they appeared to be effective and to remain so over 
approximately 50 days in perfusion conditions. A similar process was used by Hampl et 
al. (122) to introduce rifampicin alone into shunt catheters, at a concentration of 9%. This 
led to crystal formation on the catheter surface which was said to be beneficial. We have 
shown that subtle changes in mechanical properties of silicone occur at rifampicin 
concentrations above 2% (123). The rifampicin plus clindamycin-impregnated catheters 
have been found to be unaffected by plasma protein conditioning film such as is found in 
neonates following periventricular hemorrhage or in adults with subarachnoid 
hemorrhage (124). These treated catheters have also been shown not to inhibit bacterial 
adherence but to kill all the adhered bacteria within 48–52 hours (125). In addition, all 
attempts to select resistant mutants have failed, probably due to the presence of two 
agents with different bacterial target sites. Shunt catheters impregnated in this way are 
now commercially available, and early clinical results are very encouraging, though 
formal clinical trial results are awaited. 

Role of Staff Training and Experience in Prevention 

The design and execution of many clinical trials in prevention of shunt infection are 
rendered ineffective by the failure to recruit the expected number of infections in the 
control group. The numbers, based on the pretrial infection rate, fall at commencement of 
the trial, often necessitating an extension to the trial period to achieve statistical power. 
This is known as the Hawthorn Effect (126). This phenomenon is due to a general 
increase in awareness of the problem and a corresponding heightening of enthusiasm and 
care taken by all personnel involved. This is perhaps the clearest indication that the most 
powerful preventive measure must be continuing education and training of all staff 
involved in shunting to ensure constant high standards. The tendency to delegate the 
relatively simple technique of shunt insertion or revision to less experienced surgeons 
should be resisted. 

EXTERNAL VENTRICULAR DRAINAGE 

Introduction 

External Drainage Devices 

External ventricular drainage is used as a temporary means of controlling CSF pressure, 
either following hemorrhage or trauma or in the course of shunt revision for infection. 
The drainage devices consist of a ventricular catheter resembling that of the CSF shunt, 
and a collecting system incorporating an antireflux component such as a drip chamber or 
a nonreturn valve, various injection ports and three-way taps, and a collection bag (Fig. 
4). They are usually tunnelled under the scalp for several centimeters between the exit 
site and the burr hole. 
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Etiology and Pathogenesis of External Drainage Device Infections 

Infection associated with external ventricular drainage can take the form of ventriculitis, 
exit-site infection, or tunnel infection, or a combination of these. The causative organisms 
are usually members of the skin flora, with S. epidermidis and S. aureus predominating. 
Bacteria can enter the EVD system on changing the collecting system or the bag, and this 
is also a potential source of both enteric and environmental Gram-negative bacilli. 
Infection becomes more likely the longer the EVD is in place, and after 8–10 days the 
incidence rises steeply. As patients become ambulant, the collecting system can become 
disconnected or the bag punctured or compressed. In the case of babies, contamination of 
the connection sites can occur from fecal soiling or from bathing. The paucity of 
published data on EVD infection probably reflects the view that EVD management is a 
nursing concern rather than a medical one, and nurses often receive little training in EVD 
management. The solution to this problem is obvious. Consequences of EVD infection 
include greatly increased resource expenditure with longer hospital stay, repeated 
surgery, delayed shunting, and sometimes death. Published studies are generally not 
illuminating. Mori and Raimondi (127)  

treated 23 cases of shunt infection with EVD for an average of three weeks, revising each 
electively after two weeks. Secondary infection, mainly due to Gram-negative bacilli, 
was encountered but the incidence was not stated. Santini et al. (128) treated 27 cases, 
eight with shunt infection, for an average of 13 days and reported secondary infection due 
to CoNS (two cases) and P. aeruginosa. Anwar (129) found two infections in 19 patients, 
and Leonhardt (130) and Chan et al. (131) found none in 13 cases and 34 cases, 
respectively. In a series of 37 preterm neonates reported by Berger et al. (132), in which 
the mean duration of EVD was 23 days, there were two cases of ventriculitis. Holloway 
et al. (133) reviewed the literature and reported infection rates of up to 40% but more 
commonly 10−17%. In a large series of 100 patients (134) treated for long periods (40 
had EVD for 10–29 days), the infection rate was 2% but rose to 13% in those who had a 
CSF leak around the ventricular catheter. This can arise due to poor catheter placement or 
to inadequate CSF pressure control. It is clearly a significant risk factor for infection. One 
of the problems in comparing published accounts is that there is usually no distinction 
made between ventriculitis and tunnel or exit-site infection. 

Clinical Features and Diagnosis 

Pyrexia may be the first indication of EVD infection, especially in the case of 
ventriculitis. Exit-site infections or tunnel infections are indicated by erythema and 
exudate around the catheter. A boggy swelling around the tunnelled segment indicates a 
CSF leak around the outside of the catheter, which may not be infected but is likely to 
become so unless addressed urgently. Exit-site cultures can help to guide therapy. CSF 
samples for investigation should be aspirated from the reservoir (if present) or the 
ventricular catheter. Samples taken from the collection bag are unreliable (135). 
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Figure 4 External ventricular drainage 
for raised intracranial pressure. (A) 
Either a drip chamber or a 
unidirectional valve to prevent reflux 
of fluid. Other designs may have an 
integral manometer for pressure 
measurement, three-way taps, injection 
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ports, etc. The drainage bag is usually 
designed to be discarded when full, but 
some have a drain so that the bag can 
be emptied and reused without 
disconnection. 

Treatment 

Except for trivial exit-site infection, there is little likelihood of salvaging an EVD catheter 
if infection occurs. The best chance is afforded by early, vigorous antibiotic treatment but 
the catheter almost always has to be removed. A replacement catheter may need to be 
retunnelled in another site. If ventriculitis is present, intraventricular treatment should 
also be given unless there is a vigorous inflammatory response. Initial treatment should 
consist of intravenous cefuroxime to cover most staphylococci and Gram-negative bacilli. 
This treatment may need adjustment when the causative organism has been identified and 
susceptibility tests completed. In the case of MRSA or MRSE, intravenous vancomycin 
or teicoplanin and oral (or intravenous) rifampicin should be given, and this 
supplemented with intraventricular vancomycin in the case of CoNS. The inflammatory 
response in the case of Gram-negative bacilli and S. aureus is usually sufficient to allow 
therapeutic drug concentrations in the CSF on intravenous administration. If revision 
surgery is undertaken for a CSF leak, this should be considered to be infected until 
culture results are available, and cefuroxime should be started preoperatively and 
continued until results are known. 

Prevention 

Prophylactic antimicrobials are contraindicated for EVD, even though patients 
undergoing EVD as part of treatment of a shunt infection will receive them as part of the 
treatment. Zingale et al. (136) found a 10% infection rate despite prophylactic antibiotics, 
and Alleyne et al. (137) found no difference in infection rate whether antimicrobial 
prophylaxis was used or not. They pointed out that antimicrobial prophylaxis was likely 
to select resistant strains which then present greater therapeutic problems. They also 
calculated that discontinuing prophylaxis would save their institution $80,000 each year. 
Elective changing of the EVD catheter has been considered, and though Mayhall et al. 
(138) found that the rate could be reduced by a change at five days, no benefit was found 
by Holloway et al. (133) when the catheter was changed at either five days or later. They 
recommended that EVD catheters should therefore not be changed electively to avoid 
infection. The British Society for Antimicrobial Chemotherapy Report (139) agrees with 
this recommendation, and also does not recommend routine prophylactic antibiotics for 
EVD. 

The contribution of good care and management of the EVD system in order to prevent 
infection cannot be overemphasized. Nursing staff should be thoroughly trained in this 
aspect. In addition, the exit site should be kept clean and dry by means of a dry dressing 
or an occlusive, transparent adhesive one. If the latter is used, the site must be thoroughly 
cleaned with alcoholic chlorhexidine and allowed to dry for a few minutes before 
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application of the dressing. Whichever dressing is used, the first one must be applied in 
the operating room. Any exudate from the exit site must be reported. 

Antimicrobial EVD catheters similar to those used for CSF shunting are becoming 
available, and they might contribute significantly to prevention of infection. 

VENTRICULAR ACCESS RESERVOIRS 

Introduction 

Ventricular Reservoirs 

Frequent ventricular access may be required for sampling of CSF, for measuring CSF 
pressure, or for intraventricular administration of antibiotics or drugs to treat malignancy. 
The ventricular reservoir allows this percutaneously. The reservoir consists of a 
ventricular catheter, similar to that in a shunt, connected to a blind dome-shaped chamber 
whose roof is made of silicone elastomer. The base may be silicone or steel to prevent it 
from being pierced (Fig. 5). The chamber should be positioned extracranially under a 
scalp flap well away from the incision. 

 

Figure 5 Ommaya reservoir for 
ventricular access. This is made from 
silicone, but other designs, such as the 
Rickham reservoir, also have steel 
parts. 

Etiology and Pathogenesis of Ventricular Reservoir Infections 

The main causative bacteria are skin flora, with CoNS predominating. CSF leak around 
the reservoir is a risk factor for infection. Otherwise, repeated puncture of the reservoir, 
and overlying scalp, is the main risk, though if the scalp is properly prepared and fine 
needles are used, the risk is low. Nevertheless, Chamberlain and Dirr (140) treated 
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patients with AIDS-related lymphoma by daily puncture for several months and found a 
10%−15% infection rate. 

Clinical Features 

Apart from pyrexia and headache, erythema, and boggy swelling around the reservoir are 
indicators of infection. 

Treatment 

Treatment is relatively simple. Removal of the infected reservoir and insertion of a new 
one is advisable but some have succeeded without this (141). However, antibiotics must 
be administered intraventricularly via the reservoir. Sutherland et al. (142) were 
unsuccessful in an attempt to treat a patient with intravenous vancomycin for CoNS 
reservoir infection. The peak CSF vancomycin level was found to be subtherapeutic, but 
when the drug was given via the reservoir the infection was cleared. Lishner (143) also 
used intraventricular vancomycin successfully. It is therefore recommended that 
staphylococcal infections be treated with intraventricular vancomycin 10–20 mg daily for 
five days, preferably after changing the reservoir. It appears that the new reservoir can be 
inserted through the same burr hole after vancomycin treatment has begun without risk of 
reinfecting it. In the event of P. aeruginosa infection, the reservoir should be changed 
immediately, and high-dose intravenous ceftazidime given along with gentamicin 3–5 mg 
daily via the reservoir. 

Prevention 

As with EVD, prophylactic antimicrobials are not indicated, and prevention consists of 
care of the scalp over the reservoir and aseptic puncture technique. 

INTRASPINAL DRUG DELIVERY DEVICES 

Introduction 

Intraspinal Drug Delivery Devices 

The direct infusion of drugs into the spinal theca has been shown to give superior control 
of otherwise intractable pain and prolonged relaxation of spasticity, compared to 
intramuscular or intravenous injection. It is achieved by implantation of a delivery 
catheter into the theca and a reservoir incorporating a programmable infusion pump (Fig. 
6) which is sited in the  
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Figure 6 Peritoneovenous shunt for 
control of intractable ascites. (A) 
Peritoneal catheter with inlet holes; (B) 
unidirectional valve to prevent reflux; 
(C) distal catheter to jugular vein. 
Alternatively, the distal catheter may 
drain ascitic fluid to the portal vein. 
The shunt is made from silicone. 

flank. The reservoir is charged subcutaneously. Infrequent change of the longlife batteries 
requires further surgery. 

Etiology and Pathogenesis of Intraspinal Drug Delivery Device Infections 

The sources of infection are contamination at the time of insertion, and of the reservoir 
when charging. Du Pen (144) reviewed the literature and reported an infection rate of up 
to 12%. Byers et al. (145) studied 81 catheter placements and found that, in seven 
infections (9%), the causative bacteria were again members of the skin flora. The main 
risk factor in their study was insertion time prolonged beyond 100 minutes. Six of the 
seven infections involved either the pocket or the tunnel with two showing meningeal 
involvement. 
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Clinical Features 

Back pain, pyrexia, and erythema over the reservoir indicate infection. 

Treatment 

Intravenous flucloxacillin or vancomycin should be given for a staphylococcal pocket or 
tunnel infection, and if the infection fails to resolve or if meningitis develops, the system 
should be removed where possible. However, the device can be used to administer 
intrathecal vancomycin via the reservoir. In one case of infection by CoNS, Bennett et al. 
(146) charged the reservoir with 50 mg/l vancomycin and programmed the pump to 
deliver 5 mg daily intrathecally for 30 days. The addition of oral rifampicin, 600 mg 
twice daily, probably contributed significantly to the eradication of the infection without 
removal of the device. The CSF concentration of vancomycin was 54 mg/l but, as with 
CSF shunt infections, no toxicity resulted. Vancomycin also appeared to be chemically 
compatible with baclophen. Such considerations are important when considering 
intraspinal drug administration if arachnoiditis is to be avoided. The authors suggested 
that, in retrospect, a shorter course of treatment would have sufficed. In the series 
reported by Byers (145), three infections were cured by device removal and systemic 
antibiotics, but a further four were treated with antibiotics without surgery, and their 
symptoms were said to be “satisfactorily suppressed.” This approach is recommended in 
terminally ill patients when there is no central nervous system (CNS) involvement. 

Prevention 

In view of the association of prolonged operating time with infection (145), prophylactic 
antibiotics can be expected to reduce the risk from this source. One dose of intravenous 
cefazolin or flucloxacillin immediately before surgery is recommended. However, routine 
prophylaxis during use of the system is not indicated. Meticulous skin preparation and 
aseptic technique when charging the reservoir is essential. 

PERITONEOVENOUS SHUNTS FOR ASCITES 

Introduction 

Use of Ascites Shunts and Incidence of Infection 

Devices resembling hydrocephalus shunts are available for the control of ascites in 
cirrhosis or malignant liver disease (Fig. 7). They drain ascitic fluid from the peritoneal 
cavity to the venous system via the jugular vein. Reflux of blood is prevented by a 
nonreturn valve. Patients with intractable ascites are in the late stages of liver failure and 
shunts are intended to remain in place for only one or two years. They are required to 
drain a large volume of fluid with a high protein content, and obstruction is a major 
problem. Infection can also occur, giving rise to peritonitis, colonization of the shunt, and 
bloodstream infection. S. aureus and enteric Gram-negative bacilli have been implicated 
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in most cases, and while many infections appear to be introduced at insertion, some 
appear later. An important factor may be the grossly impaired immunity of the ascitic 
peritoneal cavity. 

 

Figure 7 Totally implantable 
intraspinal drug delivery device. (A) 
Housing for reservoir, battery, and 
pump; (B) injection port for recharging 
reservoir; (C) loops for tissue fixation; 
(D) catheter to spinal theca. 

Treatment of Infected Ascites Shunts 

There are few published reports of infection in ascites shunts, but those that mention its 
management recommend shunt removal and intravenous antibiotics. The problem of the 
CNS compartment encountered with hydrocephalus shunts does not apply here, and the 
agents should be chosen on the basis of susceptibility test results, but gentamicin or 
cefuroxime should be given initially. The primary illness, the resulting impaired 
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immunity, and the presence of bloodstream infection suggest that treatment should 
continue for at least three weeks. 

Antimicrobial Prophylaxis 

Although antimicrobial prophylaxis has been used at the time of insertion, the results 
have been disappointing. Smajda and Franco (147) used oral oxacillin, giving it for 10 
days postoperatively, but 15 of 54 patients developed infection nevertheless. Hillaire et 
al. (148) reported similar results with ofloxacin and cefotetan. No clinical trial data are 
available to support any recommendations, but in view of the likely causative organisms, 
either gentamicin or cefuroxime should be given intravenously at induction of anesthesia, 
and not continued beyond 24 hours postoperatively. 

SUMMARY AND CONCLUSION 

In common with most implantable devices, those used in the CNS are prone to infection. 
In this instance almost all infecting bacteria are thought to originate on the patient’s skin 
or mucous membranes. And the majority of infections are caused by staphylococci. 
Diagnosis, particularly of shunt infection, can be very difficult. The pharmacologically 
privileged nature of the CNS renders antimicrobial chemotherapy and prophylaxis 
problematic. While the mainstay of prevention is rigorous aseptic surgical technique, 
infection might be reduced still further by the use of new antimicrobial shunt catheters. 
Comprehensive clinical evidence of efficacy is awaited. 
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INTRODUCTION 

Chronic peritoneal dialysis (CPD) is increasingly used as the renal replacement therapy 
of choice in many countries. The number of patients on CPD was approximately 4000 in 
1980 but reached 95,200 by the end of 1994 (1). The annual increase from 1991 to 1994 
was 15%. The proportion of patients with end-stage renal disease treated by CPD (versus 
hemodialysis) varies considerably from country to country, being less than 10% in Italy, 
France, Germany, and Japan, and 50% or greater in the United Kingdom, New Zealand, 
and Mexico. These differences are thought to be largely due to national differences in the 
way renal replacement therapy is organized and reimbursed. The CPD technique per se is 
not questioned. In contrast, CPD has been validated in many studies, and, although there 
are limits in dialysis adequacy, CPD has several advantages over hemodialysis (2,3). 
Currently, two types of CPD are practiced: continuous ambulatory peritoneal dialysis 
(CAPD) and continuous cyclic peritoneal dialysis (CCPD). Continuous ambulatory 
peritoneal dialysis was first introduced in the late 1970s by Popovich et al. (4) and 
Oreopoulos et al. (5) as a machine-free regimen that entailed the continuous presence of 
dialysate in the peritoneal cavity. Approximately every 6 h, dialysate is exchanged for 
fresh PD fluid using only gravitational forces to drain and refill the abdominal cavity. 
CCPD was introduced in the early 1980s to take care of patients who were incapable of 
performing the exchanges manually or who were unwilling to interrupt their daily 
routines for dialysate exchanges (6). In CCPD, rapid nocturnal fluid exchanges are 
performed through a bedside cycling machine. Miniaturization technology has now 
allowed such machines to become easily portable, further improving patients’ freedom to 
schedule their own activities. By the end of 1994, approximately 25% of all CPD in the 
United States was of the CCPD variety. 

From the very beginning of peritoneal dialysis in the 1960s, the technique has been 
plagued by infectious complications—especially, high rates of acute bacterial peritonitis. 
The introduction by Tenckhoff and Schechter (7) of a tunnelled catheter segment with 
Dacron felt cuffs at either end of its track through the abdominal wall was the first major 
step forward in reducing the risk of infection (Fig. 1). With the popularization of CAPD 
in the 1980s, much attention has been given to further improve aseptic techniques, 
especially during the exchange procedure. Many devices have been proposed,  



 

Figure 1 Classical curved Tenckhoff 
catheter with double Dacron felt cuffs. 

including in-line bacterial filters, ultraviolet light-based germicidal boxes, and antiseptic-
containing cuffs around the external connectors. Reductions in peritonitis rates have been 
consistently observed only in those centers that have switched to integrated “Y systems” 
that flush the potentially contaminated connector with sterile dialysate before fresh 
dialysate enters the peritoneum (8–10). Even so, peritonitis and infection at the exit site 
or in the tunnel track around the Tenckhoff catheter remain prevalent problems in most 
CPD programs around the world. 

PATHOGENESIS OF CAPD PERITONITIS 

Different routes of bacterial invasion into the peritoneal cavity exist in CAPD patients. 
The most common access for coagulase-negative staphylococci, Staphylococcus aureus, 
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and other Gram-positive pathogens is via the Tenckhoff catheter. In contrast, enteric 
bacilli may reach the peritoneal cavity by direct transmigration (also known as 
translocation) from the gut across the intestinal wall (11–13). Intestinal pathologies 
including diverticulosis and ischemic or ulcerative bowel diseases may facilitate this 
mode of peritoneal contamination (14). A third route is hematogenous spread from a 
distant focus to the peritoneum; this route may be important in peritonitis due to 
streptococci, Listeria, and Hemophilus (15). Finally, infections ascending through the 
fallopian tubes may be the cause of peritonitis in women undergoing CAPD (15). Most 
episodes are due to organisms of the patient’s own microflora. Thus, carriers of S. aureus 
are at a three- to fivefold increased risk of S. aureus exit-site infection when compared to 
noncarriers (as will be discussed later). 

The sequence of events following peritoneal contamination in CAPD patients can be 
separated into three different scenarios.  

1. Bacteria do not adhere to surfaces of the peritoneum or Tenckhoff catheter present in 
the abdominal cavity and are therefore likely to be flushed out again during 
subsequent fluid exchanges; no inflammation ensues. Thus, contamination does not 
always lead to clinical peritonitis (16,17). 

2. Bacteria adhere to the surface of the plastic Tenckhoff catheter and form a biofilm on 
the foreign material. Biofilms per se do not necessarily induce inflammation that 
becomes clinically apparent. Biofilms are found on many, if not all, Tenckhoff 
catheters removed for various (infectious and noninfectious) reasons. In many cases, 
the presence of biofilm is not temporarily associated with the occurrence of clinical 
peritonitis (18–20). However, it has been proposed that biofilm-derived 
microorganisms may become the cause of peritonitis at some later stage, even though 
the forces that would drive such transition are presently unknown (21). 

3. Bacteria adhere to the peritoneal membrane, either directly upon entry into the 
abdominal cavity or via an intermediate residence within the biofilm on the Tenckhoff 
catheter (as described in Point 2). Bacterial adherence to the mesothelial cell 
monolayer of the peritoneal membrane is theoretically most probable, since these cells 
are the most prevalent type of cells present in the peritoneal cavity. In a relevant 
animal model, preferential adherence to the membrane has been demonstrated (22). It 
is presently thought that bacterial adherence to the membrane is the crucial first step in 
the pathogenesis of CAPD peritonitis (23). In contrast, the role of the freefloating 
leukocytes (macrophages, predominantly) in this phase is probably limited. It has been 
shown that at the prevailing densities of these cells in uninfected dialysate effluent 
(<105/ml), they are not likely to encounter invading bacteria (24). In addition, the 
levels of opsonins needed for efficient recognition of bacteria by leukocytes are so low 
that bacteria-leukocyte encounters may not be effective, i.e., result in bacterial 
engulfment by the leukocytes (25). Lack of leukocytes and opsonins is due to the 
repeated drainage and instillation of large volumes of dialysis fluid. In animal models 
such dilution has been shown to greatly diminish the phagocytic defense of the 
peritoneal cavity (26). At later stages of peritonitis, when massive numbers of 
leukocytes migrate into the cavity, these cells constitute the major host response to 
bacterial challenge. 
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The subsequent cascade of the inflammatory response following bacterial adherence to 
the peritoneal membrane is depicted in Fig. 2. Importantly, mesothelial cells become 
directly activated by bacteria (27–29), or indirectly via activated macrophages (30), to 
secrete chemotactic agents (IL-8 and MCP-1) in a polarized fashion. These cytokines 
attract large numbers of leukocytes into the peritoneal cavity (23). The peritoneal 
membrane may further contribute to inflammation by generation of prostaglandins and 
other cytokines (e.g., Il–6). 

Migration of leukocytes from peritoneal capillaries across vascular endothelium and 
peritoneal mesothelium is in itself a complex process involving cell/cell interactions via 
specific ligands in the leukocyte membrane (CR-3 and VLA-4) and receptors present on 
endothelial and mesothelial cells (ICAM-1 and VCAM-1) (31). Leukocyte migration is 
accompanied by exudation of serum proteins including opsonic molecules such as C3, 
IgG, and fibronectin. In this manner, an intra-abdominal milieu is created that is 
effectively antibacterial (24). 

Recently, defensive-type antimicrobial peptides have been found in the peritoneal 
cavity of CPD patients. Although their contribution to peritoneal defenses is currently 
unknown, mesothelial cells produce beta-defensive peptides in variable amounts that can 
be upregulated by cytokines and growth factors (32). However, continued exchanges with 
fresh dialysis fluids  

 

Figure 2 Schematic representation of 
the inflammatory response of the 
peritoneal membrane. Via activation of 
peritoneal macrophages, bacteria 
directly or indirectly stimulate 
mesothelial cells to excrete 
proinflammatory cytokines IL-6, IL-8, 
monocytic chemotactic protein-1 
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(MCP-1), and transforming growth 
factor β (TGF-β) that attract 
polymorphonuclear (PMN) and 
mononuclear (MN) leukocytes from 
nearby capillaries in the 
submesothelial loose connective tissue. 
Diapedesis of PMN and Mn require 
coordinated adhesion to mesothelial 
cells in which leukocyte adhesion 
molecules CR3 (on PMN) and VLA-4 
(on MN) interact with ligands ICAM 
and VCAM on mesothelium. 
Exudation of opsonic proteins IgG, C3, 
and fibronectin also occurs. 

that are intrinsically rather damaging for host defense cells and proteins (33– 36) may 
partly neutralize the beneficial effect of the peritoneal inflammatory response. Thus, fresh 
fluids have recently been shown to induce mithochondrial DNA damage and heatshock 
protein synthesis in mesothelial cells, and to accelerate the rate of apoptosis among 
neutrophils exposed to the high glucose-containing fluids (37–39). 

Once inside, bacteria may become sequestered at sites—e.g., within biofilm or within 
cells—where they cannot be attacked properly by the inflammatory cells (19,40). This 
feature may help explain the partial response to antibiotic therapies that do not 
specifically target such difficult-to-reach sites of microbial growth and survival (21). 
Patients who are further compro mised—e.g., diabetics or others with immune function 
disorders affecting their phagocytes—are especially prone to experiencing recurrent 
infection (41–43). Also, higher rates of S. epidermidis peritonitis have been observed in 
patients whose dialysates fail to opsonize these coagulase-negative staphylococci (44). 

EPIDEMIOLOGY AND ETIOLOGY 

This chapter focuses on bacterial peritonitis and exit-site and tunnel infections around the 
permanent Tenckhoff catheter. This is not to say that CAPD patients may not also suffer 
from other types of infections related to the uremic state or to diseases underlying their 
renal insufficiency. However, the incidences of peritonitis and tunnel-track infections are 
such that they are largely responsible for the infectious morbidity seen among CPD 
patients. The incidence of bacterial peritonitis was high, approximately one episode per 
2.5 patient-months CAPD, in the early years of CAPD. Infection rates were also high in 
the learning phases of most centers starting with this treatment modality in the early 
1980s (rates of one episode per 3 to 6 months for European centers in 1985) (3,45). With 
more experience, and probably also due to changes in the vital statistics of the patients 
treated, most centers managed to achieve peritonitis rates of one episode per 6 to 12 
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patient-months prior to the introduction of the Y connector systems (referred to earlier). 
In that era the probability of remaining free from peritonitis after 12 months on CAPD 
was less than 50% (8–10). In centers using the Y sets, peritonitis rates now vary from one 
episode per 15 to 25 months, and perhaps up to one per 33 months in some centers (8–
10,46–48). 

The distribution of organisms causing acute peritonitis has previously been collated 
from the literature up to 1989 and published (49). Studies detailing the distribution of 
peritonitis-causing organisms published in 1991 to 1994 reveal a very similar pattern 
(Table 1). Thus, CAPD-causing organisms are predominantly divided among enteric 
bacilli and the Acinetobacter, Pseudomonas, and other glucose-nonfermenting species. 
Anaerobes are rarely isolated, and fungi, usually Candida spp., cause approximately 2% 
of peritonitis episodes in CAPD patients. However, even the most recently published 
studies do not all address the effect of the introduction of the Y systems on the species 
distribution in their respective centers. The few studies that have evaluated this 
specifically show that Y sets reduce the rate of infection due to coagulase-negative 
staphylococci but not those of the other species listed in Table 1 (46–48). Thus, the 
relative contribution to the total number of peritonitis episodes caused by Gram-negative 
bacilli and fungi in patients will most probably increase along with the introduction of Y 
sets. 

The risk of peritonitis may also be influenced by ethnic factors and the premorbid state 
of the patients. Advanced age, diabetes mellitus, black race, and being HIV-positive have 
all been associated with higher incidences of CAPD-associated peritonitis (10,41,58). 
Also, S.aureus may cause more infections in children than Pseudomonas, and fungi may 
trouble HIV-positive patients on CAPD (41,49). 

The risk of peritonitis is not equally distributed among all patients on CAPD. Patients 
who have had one episode of peritonitis have an increased risk of peritonitis recurring at 
a later date. In one national study in the United States, the peritonitis rate in the patients 
using Y sets was one episode per 20.6  

Table 1 Species Distribution of Microbial 
Pathogens Causing Peritonitis in Patients 
Undergoing Chronic Peritoneal Dialysis 

  Mean (range) percentage of total isolates as published 
in the literature 

Microbial species 1980s 1990s 

Gram-positive bacteria 74 (41–87) 74 (46–84) 

Coagulase-negative staphylococci 44 (16–58) 46 (19–56) 

Staphylococcus aureus 14 (3–33) 14 (5–21) 

Streptococcus, Enterococcus spp. 12 (1–16) 10 (1–20) 

Corynebacterium spp. 3 (0–10) 3 (0–7) 

Othera 1 (0–6) 1 (0–5) 

Gram-negative bacilli 19 (1–36) 23 (14–36) 
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Enterobacteriaceaeb 11 (0–17) 10 (7–25) 

Glucose-nonfermentingc 8 (1–18) 13 (5–26) 

Anaerobic bacteria <1 (0–3) <1 (0–1) 

Fungid 2 (0–9) 2 (0–9) 

Miscellaneouse 2 (0–5) 1 (0–11) 

Mixed species 2 (0–14) <1 (0–5) 

Note: Percentages for the 1980s are from Ref. 46 and are based on 1,569 episodes observed 
inadults. Data from the 1990s are pooled from Refs. 46 and 50–57 and are based on 1,661 episodes.  
aBacillus spp. predominantly.  
bEscherichia coli, Enterobacter, Klebsiella, Citrobacter, and Serratia spp. primarily. 
cAcinetobacter and Pseudomonas spp. predominantly. 
dPredominantly Candida spp. 
eIncludes Hemophilus, Neisseria, Pasteurella, Agrobacterium, Chlamydia, and Flavobacterium 
spp., and mycobacteria and unidentified isolates. 

patient-months for the first episode, but this increased to one per 8.2 patient-months for a 
subsequent episode (10). Vice versa, a small minority of patients will remain free of 
peritonitis for many years on CAPD. 

Also, patients with a history of multiple episodes of peritonitis are prone to develop 
fungal or polymicrobial infection at a later stage of their CPD life (59,60). However, it 
remains difficult to predict from the onset of CPD which patient will develop peritonitis, 
and who will remain peritonitis-free. The exception is infection due to S. aureus. Patients 
who are nasal carriers of this species are at a three- to fourfold higher risk of developing 
CPD catheter-related S. aureus infections than those who do not carry S. aureus (as will 
be discussed later). 

Infections of the exit site of the Tenckhoff catheter through the abdominal skin and, 
much less frequently, infection of the tunnel track through the abdominal wall are also 
observed regularly in CAPD patients. Today, incidence rates for exit-site infection equal 
those for peritonitis, usually one episode per 12 to 24 months on CAPD (41,48,55), but 
are  

Table 2 Species Distribution of Microbial 
Pathogens Causing Exit-Site and Tunnel-Track 
Infection in CAPD Patients 

Microbial species Mean (range) percentage of isolates 

Staphylococcus aureus 42 (33–81) 

Coagulase-negative staphylococci 28 (6–33) 

Pseudomonas spp. 14 (6–21) 

Enterobacteriaceaea 4 (3–8) 

Othersb 12 (0–16) 
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Note: Percentages computed from data pooled from Refs. 41, 45, 55, and 61 are based on 547 
episodes observed in adults. 
aEscherichia coli, Proteus spp., Enterobacter spp. 
bCorynebacterium, Enterococcus spp., and fungi. 

sometimes less frequent (61,62). These infections are commonly caused by S. aureus, 
coagulase-negative staphylococci, and Pseudomonas spp. (Table 2). Tunnel-track 
infections occur at approximately 20% the rate of exit-site infections (45) and may be 
associated with concurrent exit-site infection and subsequent peritonitis. 

CLINICAL PRESENTATION AND COMPLICATIONS 

The signs and symptoms of CAPD peritonitis are a cloudy dialysate effluent, abdominal 
pain or tenderness, and fever. The earliest suggestive sign of peritonitis is usually cloudy 
fluid. However, occasionally abdominal pain may be the initial complaint, and in children 
an increased temperature may be the earliest finding (Table 3). 

Nausea, vomiting, and diarrhea may also be present, more often in patients who have 
gastroenteritis due to the same organisms, e.g., Campylobacter (11) or Aeromonas (12). 
Cloudy dialysate alone may not be due to infection and inflammation, unless cell count 
and differential count show the  

Table 3 Clinical Presentation of CAPD Peritonitis 

Signs and symptoms Number (%) of episodes 

Cloudy effluent 116 (99) 

Abdominal pain 99 (85) 

Fever 25 (21) 

Nausea and vomiting 18 (15) 

Diarrhea 11 (9) 

Total episodes 117 

Source: Ref. 49. 

increased presence of polymorphonuclear neutrophils (PMN). Other causes of cloudy 
effluent include retrograde blood contamination during menstruation (63) and peritoneal 
fluid eosinophilia as an allergic manifestation to plasticizers or other foreign constituents 
in the dialysis fluid (64). 

However, in bacterial or fungal peritonitis, the cell count uniformly reveals more than 
100 cells/mm3 effluent, with more than 50% of these cells being PMNs. Clearly, the 
clinical presentation is to a large extent determined by the pathogenic potential of the 
infecting species and by the virulence factors carried by the invading strain of a given 
species. Thus, wide variations in clinical presentations may be expected. In general, 
however, peritonitis caused by coagulase-negative staphylococci is clinically a mild 
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disease. In contrast, infections due to S. aureus, hemolytic streptococci, and Gram-
negative bacilli may be clinically severe and even fatal (15,65,66). However, mortality 
due to peritonitis in CAPD is low (2% to 3%) and may be due in part to secondary 
complications such as myocardial infarction and cachexia. The major complication of 
CAPD peritonitis and exit-site infection is technique failure. Technique failure entails the 
need to remove the Tenckhoff catheter and to transfer the patient to hemodialysis in order 
to control the infection, either in the acute phase or in case of repeatedly relapsing 
infection (1). 

Exit-site infection is characterized by the presence of pumlent drainage and erythema 
of the skin at the catheter-epidermal interface. Induration and tenderness along the tunnel 
track indicates tunnel infection, with or without discharge and positive culture. 
Sonography may help diagnose a tunnel-track infection. A positive culture from an exit 
site in the absence of signs of inflammation does not necessarily constitute or herald 
infection (62). Another important feature of CAPD-peritonitis is its tendency to relapse 
upon discontinuation of apparently successful therapy. Relapse rates are especially high 
following infections due to the Staphylococcus, Pseudomonas, and fungal species. 
Relapses and reinfection are also seen with exit-site and tunnel-track infections. 

A separate entity, not of a directly infectious nature, is the so-called sclerosing 
peritonitis that may complicate CAPD. In sclerosing peritonitis, peritoneal thickening, 
laminar intestinal concrescence, and diffuse hemorrhage occur, often resulting in patient 
death from ileus. Intestinal obstruction and loss of ultrafiltration are also features of this 
dreaded complication. The etiology of sclerosing peritonitis remains uncertain, but 
recurrent episodes of bacterial or fungal peritonitis may well be a major risk factor (67). 
Fortunately, this complication is rare and, if it occurs, it is a late one. 

DIAGNOSIS OF INFECTION 

In patients with signs and symptoms, laboratory evaluation of effluent dialysate should 
include a total white cell count with differential, Gram stain, and culture. In patients who 
have only abdominal pain with or without fever but who have clear effluents containing 
less than 100 PMN/mm3 the diagnosis of peritonitis is uncertain and immediate initiation 
of therapy is not necessary. In contrast, patients with cloudy fluid accompanied by 
abdominal pain or fever require prompt initiation of therapy, and diagnostic laboratory 
studies should be obtained expeditiously. A Gram stain is positive in up to 40% of 
episodes of peritonitis, and when positive, it is predictive of the type of organism in 85% 
of cases. Since fungi may grow slowly, a Gram stain is particularly useful in the early 
recognition of fungal peritonitis. Many techniques have been described for the isolation 
of pathogens from infected CAPD effluent (49). As in blood cultures, the sensitivity of 
the culture increases with the volume that is sampled. Generally, enrichment broths (e.g., 
blood-culturing systems) are reported to have superior sensitivity compared to direct 
plating of sediments. The yields of the direct plating methods are significantly increased 
if the cell sediment is first lysed (freeing cell-associated bacteria) through the action of 
detergents, sonication, or osmotic shock. More than 90% of the episodes of CAPD 
peritonitis are culture-positive. However, routine culture of clear dialysate from 
uninfected patients may also grow bacteria in up to 27% of the samples (17); such growth 
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probably reflects the intermittant entry and outflow of low numbers of bacteria in and out 
of the peritoneal space (described earlier). 

Purulent exudate from inflamed exit sites may be cultured by routine swabbing and 
forwarding to the medical microbiology laboratory utilizing standard transport media. 
Culturing of an erythematous exit site in the absence of a discharge does not provide 
clinically useful reports, and culture results usually demonstrate commensal skin flora. 
Gram stains should be routinely performed on all exudate material since this will reveal 
the presence or absence of leukocytes and the type(s) of organism(s) present. 

If catheters are removed as a consequence of infection, culturing of several sections of 
the catheter (intraperitoneal, tunnel track, exit site) may be helpful in establishing the 
etiological role of the organisms attached. New molecular techniques including PCR-
mediated DNA fingerprinting and pulsed-field gel electrophoresis of bacterial DNA will 
allow genotyping of virtually all pathogens causing infections in CAPD patients (68). 
Thus, sources of strains and routes of infections can be traced accurately. 

TREATMENT 

The majority of CAPD-related episodes of peritonitis are initially treated empirically, or 
on the basis of the result of a Gram stain. Many different antimicrobial agents and 
combinations thereof have been used to treat CAPD peritonitis (69). Both national and 
international working parties have set guidelines that are regularly updated (70,71). 
Based on published data on the types and resistance patterns of organisms isolated, the 
empirical regimen should include vancomycin (1 to 2 g every 7 days) and either an 
aminoglyco-side (gentamicin, tobramycin, or netilmicin, 40 mg/day), or a third-
generation cephalosporin with antipseudomonal activity (e.g., ceftazidime, 1 g/day). 
Vancomycin is needed since many staphylococci are methicillin-resistant. However, fear 
of emergence of vancomycin resistance among enterococci and staphylococci in many 
centers in the United States has led one consensus recommendation away from proposing 
this agent an empirical basis (71). Indeed, the first fully vancomycin-resistant S. aureus 
strain was recently isolated from a hemodialysis patient after receiving multiple courses 
of vancomycin for methicillin-resistant S. aureus infection (72). 

All agents are preferentially given via the intraperitoneal route—amino-glycosides 
once daily, and the cephalosporin divided in equal doses/exchange. Once-daily 
cephalosporin may also be effective. Oral therapies with fluoroquinolones are not 
recommended since their bioavailabilty may vary widely in these patients, and the low 
dialysate levels reached with these agents are associated with frequent relapses of 
peritonitis (73). A high rate of relapse (11/73; 15%) was also observed in one study 
when, through intraperitoneal dosing, mean dialysate levels of 10 mg/l ciprofloxacin 
were achieved; 10 of 11 relapsing organisms were Gram-positive organisms (74). Thus, 
fluoroquinolone monotherapy may not suffice. However, a regimen that combines 
intraperitoneal fluoroquinolone with rifampin may well work (75). Failure may be due to 
inaccessibility of the organisms within intracellular sites or due to phenotypic 
antimicrobial resistance of sessile bacteria located within catheter-associated biofilm 
(referred to earlier). Also, peritoneal dialysis fluid may constitute a milieu in which 
bacteria display increased resistance to antibiotics (24,76). The carbapenem 
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imipenem/cilastatin has also been used with some initial success, but high rates of 
gastrointestinal side effects were noted (50). Peritonitis due to yeasts may be amendable 
to medical treatment alone, although catheter removal is still recommended if the patient 
does not respond in 4 to 7 days. When culture results become available, the 
broadspectrum empirical regimens should be streamlined. The optimal length of 
treatment is unknown but may be as short as 7 days, 10 to 14 days being considered 
sufficient by most centers. 

In cases of failure to obtain resolution of signs and symptoms of infection or if the 
infection relapses repeatedly in the face of appropriate antimicrobial treatments, the 
patient needs to be reassessed carefully for the presence of occult pathologies within the 
abdomen or along the catheter and for the presence of unusual organisms. Patients with 
staphylococcal infections may have oral rifampicin added to their regimen since this 
agent is thought to kill biofilm-associated bacteria as well as staphylococci sequestered 
inside host cells (77). Fibrinolytic agents such as urokinase have also been used in this 
setting with some success (71,78); however, its exact mode of action remains unknown. 

There are few data on the therapeutic efficacy of methods to cure exitsite infections. 
Combination therapy including rifampicin in the case of staphylococcal etiology or 
ciprofloxacin in the case of Gram-negative infection is recommended for 2 to 4 weeks. 
For pseudomonal or fungal exit-site infection associated with peritonitis, the treatment of 
choice is early catheter removal. Shaving off the Dacron cuff at the external exit site may, 
in some patients, result in cure (71). When needed, removal and replacement of the 
infected catheter in a single operative procedure is safe, as long as there are no signs of 
active intraperitoneal infection (79). 

PREVENTION 

Several strategies for the prevention of peritonitis and exit-site infections in CAPD 
patients are currently pursued. One strategy is to further increase the antimicrobial 
barriers for entry into the peritoneal cavity. Improvements in connector technology may 
still lower the rate of intraluminal contamination during the exchange procedures; in-line 
bacterial filters, if they can be made cost-effective, would also serve this goal. In 
addition, the choice of catheter design and the orientation of catheter placement in the 
patient may affect the likelihood of catheter contamination and the formation of 
progressive biofilm along its surfaces (71). Thus, catheters would ideally be made of a 
material that is fully biocompatible with the surrounding human tissues while also 
preventing the adherence of bacteria. 

Of course, the catheter placement procedure should be performed under strict aseptic 
conditions, as is done for other types of implant surgery. Design and placement should 
avoid as much as possible the chance that catheters are subjected to trauma and repeated 
or continued mechanical stress. 

The current state of the art is that double-cuffed Tenckhof catheters are better than 
single-cuffed ones (80), that delayed externalization of the catheter may be beneficial, 
and that a downward pointing exit site is less prone to infection compared to an upward 
pointing exit site (81). Also, antibiotic prophylaxis at the time of catheter infection may 
prevent infection (82). Catheters experimentally coated with antibacterial substances 
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(silver sulphiadiazine plus chlorhexidine plus triclosan) may reduce that rate of infection, 
but a silver ring placed around the catheter at the level of the skin failed to prevent 
infection in a clinical trial (82,83). Postplacement prevention strategies should rely on 
thorough training (6–7 weeks) of patients new to CPD (84), and, perhaps, the daily 
application of antibacterials to the exit site. Ciprofloxacin solution and povidone-iodine 
ointment, applied daily, have both shown benefit, although daily spray with povidone-
iodine dry powder did not (85–87). 

Since the risk of S. aureus infections has now been firmly linked to the carrier-status 
of CPD patients, S. aureus infection may be open to further preventive measures. There 
are three types of S. aureus carriers. Persons may never carry S. aureus (noncarriers), 
carry S. aureus sometimes but not all the time (intermittent carriers), or are always 
positive for S. aureus when cultured (permanent carriers). To correctly distinguish among 
these three groups, multiple, serial cultures, preferably quantitative cultures, are needed 
(88,89). Generally, persistent carriers of S. aureus have higher numbers of staphylococci 
in their noses compared to intermittent carriers, and have the highest risk of S. aureus 
infections (85). However, in most studies on CPD patients, carriers have been defined as 
those that have at least one positive culture, thus lumping persistent and intermittent 
carriers together. Nevertheless, CPD patients defined as carriers in such manner have 
three- to fourfold higher rates of S. aureus exit-site infection and peritonitis (89). The 
sequence of events most probably is first colonization of the exit site with S. aureus from 
the nose of the patient prior to exit-site infection and peritonitis. Intervention strategies 
aimed at eliminating S. aureus from the nose or exit site of CPD patients have been 
successful in reducing the risk of S. aureus infection (90–94). Application of mupirocin 
ointment to the nose and to the exit site in proven carriers may be most effective since 
application of mupirocin to the nose alone may not eliminate S. aureus from exit sites. 
Alternative agents including oral rifampicin may also be effective but run more risk of 
side effects and the development of antibiotic resistance (95–97). 

SUMMARY AND CONCLUSION 

CPD has become the first choice of replacement therapy for most patients with end-stage 
renal failure, despite increased risks of catheter-related infection (exit-site, tunnel-track, 
or peritonitis). The high rates of infection observed in the early days of CPD have now 
come down due to better training programs, better connector technologies, and 
interventions aimed at eliminating S. aureus carriage. However, CPD carriers remain 
prone to developing biofilm-embedded microorganisms that cause infection at some stage 
of CPD-life, and such infections remain the major cause of CPD-technique failure. 
Strategies that further reduce the rate of biofilm formation, either through training 
patients or by use of biofilm-resistant catheters, are still needed. In our era of resistance, 
antibiotics, both systemic and topical, should be used prudently based on current 
information regarding the causative microbes and their resistance profiles. Thus, cyclic 
mupirocin ointment should be given prophylactically only to those CPD patients known 
to be (persistent) carriers of S. aureus. 
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INTRODUCTION 

Hemodialysis patients require a vascular-access site for blood removal and replacement 
after wastes have been removed. Modern types of vascular access include the native 
arteriovenous fistula (constructed of native vessels), arteriovenous graft (of synthetic 
materials), permanent (tunnelled, cuffed) catheters, temporary (nontunneled, noncuffed) 
catheters, and implanted port devices. In December 2001, the types of access used to treat 
hemodialysis patients in the United States were as follows: 44.4% of patients via an 
arteriovenous graft, 30.4% via an arteriovenous fistula, and 24.6% via a temporary or 
permanent central catheter (1). 

Since the first dialysis was performed in 1943, impressive improvements have 
occurred in dialysis technology and in the care of persons with end-stage renal disease. 
At the same time, the number of dialysis patients and the percentage receiving in-center 
dialysis treatment have increased substantially (2). Furthermore, the frequency of 
comorbidity among new dialysis patients is higher than ever before (2). 

Infections associated with vascular-access are among the most serious complications 
of chronic hemodialysis. Individuals on chronic hemodialysis are especially vulnerable to 
vascular-access infections because they are immunosuppressed and because of the 
frequent puncture of their vascularaccess site. For these reasons, preventing infections 
from hemodialysis catheters and other accesses remains a challenge. In this chapter we 
describe these infections, highlighting the most recent literature on the subject, 
summarize effective prevention strategies, and provide resources for conducting 
surveillance and prevention (3). 

PATHOGENESIS 

The pathogenesis of infections associated with catheters among dialysis patients is 
similar to that among other patient groups. Briefly, resident skin flora can be introduced 



at the time of catheter insertion at the insertion/exit site. These organisms can colonize 
the catheter tip or contaminate the hub and enter the lumen of the catheter. In addition, 
extrinsically contaminated infusates can lead to catheter-associated infections (4). Once 
intraluminal, organisms can be embedded in a biofilm or disseminated over the catheter 
surface (5). Several factors are associated with the pathogenesis of infections associated 
with catheters. 

Catheter Characteristics 

The material the catheter is made of and the presence of irregularities on the surface can 
facilitate the adherence of microorganisms (4). In addition, the catheter material can 
promote the formation of thrombus and an environment for bacterial growth. Tunneled 
catheters have a cuff that prevents migration of organisms into the catheter tract by 
promoting the growth of a tissue seal (4,6). 

Adherence Properties of the Organism 

Both of the organisms most frequently isolated in hemodialysis-related bacteremia, 
coagulase-negative staphylococci and Staphylococcus aureus, adhere to catheters 
promoted by host proteins coating the catheter (4,7). 

Duration of Placement 

Recently inserted catheters are more likely to have been colonized on the external surface 
by skin flora. Longer-term catheters are more likely to have become contaminated from 
the catheter hub. 

The major cause of access failure in the case of fistula and grafts is thrombosis (8); 
stenosis predisposes to thrombosis in most cases. Stenosis develops from “intimal 
fibromuscular hyperplasia” and is distinct from other types of vascular injury due to the 
stress and vessel wall injury, among other factors, inherent in dialysis. Thrombi in grafts 
are associated with infection (9). 

EPIDEMIOLOGY 

Incidence 

In several studies during 1997–2002, the incidence of hemodialysis access-associated 
bacteremia ranged from 0.31 to 1.2 infections per 1000 patient-days (Table 1) (10–16). 
The incidence of bacteremia among patients undergoing chronic hemodialysis in a large 
acute care facility was even higher (2.5 infections per 1000 patient-days) (17). A review 
of four recent studies used a consensus rate of 0.6 bacteremias per 1000 patient-days to 
estimate that 50,000 access-associated bacteremias occur per year in the United States 
(18). Wherever the issue was studied, the incidence of infection was highest with 
catheters and lowest with fistulas. 
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Because of the importance of bacterial infections in hemodialysis patients, the Centers 
for Disease Control and Prevention (CDC) initiated an ongoing surveillance project in 
1999 (16). Hemodialysis centers treating outpatients are eligible to enroll. Only bacterial 
infections associated with hospital admission or receipt of intravenous antimicrobials 
were counted (i.e.,  

Table 1 Measurement of Incidence of Vascular 
Access-Related Bacteremia per 1000 Patient-Daysa 
among Patients in Hemodialysis 

  Vascular access type 

Author, year Type of 
study 

No. of 
centers 

All Fistula Graft Tunneled 
catheter 

Nontunneled 
catheter 

Bonomo, 
1997 (10) 

Retrospective 1 — 0.82b — — 

Hoen, 1998 
(11) 

Prospective 19 0.31 — — — — 

Taylor, 1998 
(12) 

Surveillance 1 1.20 — — — — 

D’Agata, 
2000 (17) 

Surveillance 1 2.5 — — — — 

Taylor, 2002 
(13) 

Surveillance 6 0.59 0.09 0.23 1.31 2.23 

Dopirak, 
2002 (14) 

Surveillance 10 0.45 0.04b 1.14c 

Stevenson, 
2002 (15) 

Surveillance 6 0.65 0.07 0.15 2.37 4.53 

Tokars, 2002 
(16) 

Surveillance 109 0.59 0.08 0.18 1.61 2.91 

aWhere necessary, rates per 1000 sessions were converted to rates per 1000 patient-days by 
assuming 3 sessions per 7 days. 
bFor fistulas and grafts combined. 
cFor tunneled and nontunneled catheters combined. 

infections treated with outpatient oral antimicrobials were excluded); therefore, this 
system likely detected only the more severe infections. During 1999–2001, 109 centers 
reported data. Rates of infection per 100 patient-months were 3.2 for all vascular-access 
infections (including access infections both with and without bacteremia), 1.8 for 
vascular access-associated bacteremias, 1.4 for local access infections, 1.3 for wound 
infections not related to the vascular access, 0.8 for pneumonias, and 0.3 for urinary tract 
infections. The rate of access-associated bacteremias per 100 patient-months varied by 
type of vascular access: 8.7 for noncuffed catheters, 4.8 for cuffed catheters, 0.5 for 
grafts, and 0.3 for fistulas (16). Note that, in this study, rates of infection were tabulated 
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per 100 patient-months; these rates are approximately 3 times higher than rates per 1000 
patient-days. A rate of 3.2 per 100 patient-months can be interpreted to mean that on 
average 3.2% of the patients have the infection each month, or that there are 0.38 
infections per patient-year. 

Risk Factors 

Many risk factors have been assessed in epidemiologic studies. 

Vascular-Access Type 

The primary risk factor for access infection is access type. Risk is highest for catheters, 
intermediate for grafts, and lowest for native arteriovenous fistulas (11,16,19). Fistulas or 
grafts should be preferred to central venous catheters for permanent access in dialysis 
patients. 

Location of the Access 

Among patients with catheters, the subclavian site (rather than a jugular or a femoral site) 
is associated with lower infection (20) and colonization (21) rates in adult patients with a 
central venous catheter; however, neither of these studies involved hemodialysis patients. 
The Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines recommend the 
right internal jugular vein for insertion of tunneled cuffed venous dialysis catheters; 
noncuffed catheters can be inserted in the femoral, internal jugular, or subclavian sites 
(22). Among patients with fistulas or grafts, location in the lower extremities has been 
associated with a higher risk of infections (10). 

Characteristics of the Patient 

Older age, uninsured, or having Medicaid insurance were associated with a higher risk of 
bacteremia (19). 

Comorbidities 

The following have been associated with a higher rate of vascular-access infection: a 
history of hospitalization, human immunodeficiency virus (HIV) infection (23), and 
previous history of bacteremia (11,19,23).  

Serum Albumin 

Low serum albumin is associated with increased risk of bacteremia (19,23). 

Immunosupressive Therapy 

In one study, current immunosuppressive therapy was associated with a threefold 
increase in risk of bacteremia (11). 
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Reuse of Dialyzers 

In a large cohort study, 57% of 4005 patients on hemodialysis were treated with reused 
dialyzers; these patients had a risk ratio of bacteremia of 1.28 over the 7-year follow-up 
period compared to patients not treated with reused membranes (19). (Note: here and 
throughout this document we have replaced the term septicemia with bacteremia, 
although septicemia was originally used by many authors, and the significance of the 
terms can be somewhat different). 

Dialysis Adequacy 

The effectiveness, or adequacy, of dialysis treatment has been evaluated as a risk factor 
for bacteremia. Adequacy can be measured using the urea reduction ratio [100×(the 
predialysis urea level−the postdialysis level/ predialysis level)] or the Kt/V (the dialyzer 
clearance×the duration of the dialysis session/the estimated volume of water in the 
patient’s body). Higher levels of the urea reduction ratio may be associated with a lower 
risk of bacteremia (23); however, this finding is not consistent across studies (11). Kt/V 
was not a significant risk factor for bacteremia in one study (11) but has been associated 
with risk of death due to infection in dialysis patients (19). 

Hematocrit 

Lower hematocrit values have been associated with an increased risk of bacteremia (11), 
although not consistently (19,23). 

Mortality 

U.S. hemodialysis patients have a mortality rate of approximately 23% per year (234.6 
per 1000 patient-years at risk). Infections are the second most common cause of death, 
accounting for 14% of deaths (2). Bacterial sepsis (11.1% of all deaths) is the most 
common infectious cause of mortality. Prevalent mortality rates for U.S. dialysis patients 
have fallen 10% since 1980; however, rates have fallen 22 and 15% for patients with <2 
and 2–5 years on dialysis, respectively (2). 

ETIOLOGY/MICROBIOLOGY 

The majority of bacteremias associated with hemodialysis catheters are due to S. aureus 
and coagulase-negative staphylococci. Data from the Dialysis  
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Table 2 Microorganisms Isolated from Blood 
Cultures from Access-Related Bacteremias 
Reported to the Dialysis Surveillance Network, Oct. 
1999–May 2001 

Microorganism Catheter-related 
bacteremiaa [n (%)] 

Fistula or graft access-related 
bacteremiab [n (%)] 

Staphylococcus aureus 399 (32.1) 123 (53.0) 

Coagulase-negative 
staphylococci 

401 (32.3) 47 (20.3) 

Other Gram-positive 
organisms 

    

Enterococcus spp. 125 (10.1) 11 (4.7) 

Streptococcus spp. 30 (2.4) 15 (6.5) 

Gram-negative rods 229 (18.4) 23 (9.9) 

Other (including fungi) 59 (4.7) 13 (5.6) 
aTotal no. of cases=1243. 
bTotal no. of cases=232. 

Surveillance Network (DSN) reported through May 2001 (16) indicate that the organisms 
most frequently isolated from blood cultures associated with catheter access-related 
bacteremias, in descending order of frequency, were coagulase-negative staphylococci 
(32%), S. aureus (32%), Gram-negative bacilli (18%), and nonstaphylococcal Gram-
positive cocci, including enterococci (12%) (Table 2). The proportion of infections 
caused by S. aureus was higher among patients with fistulas or grafts (53%). 

Antimicrobial pressure from therapy for hemodialysis-associated bacteremias is one of 
the factors increasing the prevalence of antimicrobial resistance. In the United States, five 
of the first six patients with vancomycin-intermediate S. aureus had received dialysis 
(24), and the first patient reported to be infected with vancomycin-resistant S. aureus was 
a hemodialysis patient (25). During 1995–2001, in a national survey of dialysis centers 
that receive reimbursement from the Centers for Medicare and Medicaid Services, the 
percentage of centers surveyed reporting that they had treated one or more patients with 
methicillin- or oxacillin-resistant S. aureus (MRSA or ORSA) increased from 40% to 
72% (1). The percentage of centers reporting one or more patients with colonization or 
infection with vancomycin-resistant enterococci increased from 12 to 43% in the same 
period (1). 

DIAGNOSIS 

Diagnosis of vascular-access infection at the exit site can be based on the observation of 
tenderness, erythema, edema, exudate, or site induration along the subcutaneous tract of a 
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tunnelled catheter (4). Purulent drainage from the exit site should be cultured. Fistulas 
and grafts presented with signs of local access infection including pus, redness, or 
swelling of the access site without signs of bacteremia in 54.6% and 61.0%, respectively, 
of infections at the vascular site reported to the DSN through 2001 (16). Local signs of 
vascular access infection are erythema, warmth, induration, swelling, tenderness, 
breakdown of skin, loculated fluid, and purulent exudates (10,26,27). 

Catheter-related bloodstream infection should be suspected when a patient with signs 
of sepsis (fever, chills, or hypotension) has an intravascular catheter and positive cultures. 
Blood cultures should be obtained before antimicrobial treatment. It is preferable to draw 
all blood cultures from a peripheral vein rather than through a catheter, since 
contamination of the specimen is less likely. However, avoidance of peripheral 
venipuncture in hemodialysis patients may be desirable in cases when venous sites are 
limited or there is a need to preserve future arteriovenous access sites (28). 

Although it is best to obtain a blood culture before initiating intravenous antimicrobial 
therapy, in practice, this does not always occur. In the DSN database, 60% of intravenous 
antimicrobial starts were preceded by a blood culture (16). 

CATHETER MATERIAL/SPECIAL TYPES OF CATHETERS 

Hemodialysis catheters differ from most other catheter types in that blood is pumped 
through them under relatively high pressure. This puts stress on the catheters and exposes 
them to the risk of mechanical failure and leakage. Several materials have been used over 
time for dialysis (29), including polyethylene, Teflon, silicone, polyurethane, and 
polyurethane with polycarbonate copolymers. Different materials have been used to 
achieve the physical properties necessary in the dialysis procedure; these properties can 
be difficult to balance and include wall thickness, flexibility, rigidity, resistance to 
crimping or kinking, moldability under heat or stress, capacity to bond to other materials, 
ability to conform to body shape, and resistance to dissolution by disinfectants. 
Adherence of microorganisms to the catheter and thrombogenicity of catheter materials 
are critical issues in the pathogenesis of infection. In the United States, most central 
venous catheters for dialysis are made of polyurethane or silicone, with polyurethane 
predominating. Teflon (29) and polyethylene (4) are not currently used in catheters for 
dialysis in the United States, since polyethylene catheters are less resistant to the 
adherence of microorganisms. 

Grafts are made of polytetrafluoroethylene, a synthetic material that allows flexibility 
in insertion sites and high patency rates and that can be used promptly after surgery; 
however, they are also susceptible to thrombosis and access failure (8). 

Alcohol disinfectants, including isopropyl alcohol and ointments containing 
polyethylene glycol, have been reported to degrade polyurethane catheters (29). Iodine 
weakens silicone catheters, but less so when formulated as part of a povidone-iodine 
solution. Manufacturers’ guidelines should always be followed when choosing a 
disinfectant for a specific hemodialysis catheter type (4). 
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MANAGEMENT/THERAPY 

For more comprehensive discussions of treatment of catheter- and access-associated 
infections, see guidelines produced by the Infectious Diseases Society of America, the 
American College of Critical Care Medicine, and the Society for Healthcare 
Epidemiology of America (IDSA/ACCCM/ SHEA) (6), the National Kidney Foundation 
(NKF) (22), and a recent summary (28). Guidelines prepared by the Healthcare Infection 
Control Practices Advisory Committee of the CDC (HICPAC/CDC) (4) for the 
prevention of infectious complications associated with the use of intravascular catheters 
are useful because they emphasize the removal of catheters that are no longer necessary. 

Fistula- and Graft- Related Infections 

Empiric therapy for infected fistulas or grafts should consist of antimicrobials with 
coverage against Gram-negative and Gram-positive organisms, including Enterococcus 
species (22). Either vancomycin or a beta-lactam and an aminoglycoside would be 
acceptable, depending on local susceptibility patterns. Arteriovenous grafts that are more 
than superficially infected should be surgically removed; newly placed grafts (i.e., <1 
month old) should be removed regardless of the extent of infection (22). 

Catheter-Related Infections 

Recommendations for the management and treatment of catheter-related infections in 
hemodialysis patients specify the following issues: 

1. Exit-site infections are typically associated with erythema, crusting, and exudate 
without systemic symptoms or positive blood cultures. When there is no evidence of a 
tunnel infection, exit-site infections in patients with cuffed, tunneled catheters 
generally can be treated with topical antibiotic ointments without catheter removal or 
systemic antibiotics (22). However, this recommendation does not apply for exit-site 
infections in noncuffed catheters (28). 

2. Tunnel infections are manifested by tenderness, erythema, and/or induration. The 
IDSA/ACCCM/SHEA guidelines recommend that tunnel infections be treated with 
catheter removal as well as appropriate antibiotics (6). Tunnel infections are often 
accompanied by bacteremia that requires treatment as outlined subsequently. 

3. Initial empiric antimicrobial therapy should be directed against both Gram-positive and 
Gram-negative organisms, with subse-quent therapy based on blood culture results. 
Vancomycin and an aminoglycoside (i.e., gentamicin) or antipseudomonal 
cephalosporin are commonly used initially. A beta-lactam, such as cefazolin, with or 
without an aminoglycoside, may be reasonable initial therapy if the risk of infection 
with S. aureus resistant to oxacillin (MRSA or ORSA) is low (28). If blood cultures 
identify a betalactam-susceptible organism, vancomycin, if administered initially for 
empiric therapy, should be discontinued, and cefazolin or another alternate agent 
should be used. 

4. Management of bacteremia related to indwelling double-cuffed hemodialysis catheters 
has been addressed in several recent reports and the NKF K/DOQI clinical practice 
guidelines (22), but remains controversial. Attempts at salvaging tunneled, cuffed 
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hemodialysis catheters in patients with catheter-related bacteremia with antimicrobial 
agents alone without catheter removal are usually unsuccessful (30,31). 
CDC/HICPAC guidelines recommend that central venous catheters (including 
hemodialysis catheters) be replaced and not exchanged over a guidewire if there is 
suspicion that a bacteremia is catheter-related except as salvage therapy in selected 
hemodialysis patients with limited venous access (4). Guidelines from the IDSA 
indicate that in the presence of S. aureus bacteremia, tunneled hemodialysis catheters 
should be removed with the duration of antimicrobial therapy guided by findings on 
transesophageal echocardiography (14 days if no evidence of vegetation; 4–6 weeks if 
vegetation is present) (6). These same guidelines suggest that catheter-related 
bacteremia caused by coagulase-negative staphylococci can be treated without catheter 
removal, but may require more prolonged antimicrobial therapy (6). A few reports 
indicate that catheter replacement over a guidewire within 48 hours of initiating 
antimicrobials, followed by a period of appropriate antimicrobial therapy, can be 
successful in carefully selected patients who are not critically ill (31–35). Catheters 
should be removed promptly, rather than exchanged over a guidewire, if there is 
evidence of catheter tunnel or exit-site infection in clinically unstable patients with 
features of sepsis, and in patients who remain febrile or symptomatic for more than 36 
hours after initiation of antimicrobial therapy or who have persistently positive blood 
cultures despite antimicrobial therapy (22). Periodic blood cultures should be obtained 
after completion of therapy to confirm eradication of the infection. Antimicrobial 
treatment for hemodialysis catheter-related bacteremias for at least three weeks is 
recommended (22), although the optimal duration of therapy has not been 
systematically explored. Circumstances in which a longer or shorter duration of 
therapy might be appropriate or necessary remain to be defined. 

5. Although vancomycin is acceptable prophylaxis for major surgical procedures 
involving implantation of prosthetic materials or devices at institutions that have a 
high rate of MRSA (ORSA) or methicillin-resistant Staphylococcus epidermidis, this 
does not include placement or revision of hemodialysis catheters, fistulas, or grafts. 

6. Vancomycin is discouraged for routine prophylaxis of infections in patients on 
hemodialysis (36) and for treatment (chosen for dosing convenience) of infections 
caused by beta-lactam-susceptible Gram-positive microorganisms in patients with 
renal failure. 

7. Instillation of antimicrobial agents into hemodialysis catheters (antibiotic lock) is not 
recommended as a routine preventive measure, but has been recommended when there 
is a history of multiple catheter-related bacteremias despite optimal aseptic technique 
(4) or when the catheter is retained during an episode of catheter-related bacteremia 
(6). Guidelines from IDSA describe in greater detail the role of antibiotic lock therapy 
in the management of catheter-related bloodstream infections, including patient 
selection and duration of therapy issues (6). 

PREVENTION AND CONTROL 

Despite higher rates of bacteremia in patients treated with hemodialysis catheters than 
those treated with fistulas or grafts, the percentage of U.S. hemodialysis patients treated 
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with catheters has increased substantially, from 13% to 25% during 1995 to 2001 (1). The 
most basic strategy to prevent catheter-related bacteremias among hemodialysis patients 
is to minimize the use of catheters; efforts to reduce the use of catheters for permanent 
vascular access should be a part of every prevention program (4,15,20). 

Catheters are used for different reasons. In a survey of chronic hemodialysis centers, 
the reasons reported for using catheters for vascular access in 2001 were as follows: 40% 
of catheters were used as an access of last resort (i.e., no sites remained for creation of a 
fistula or graft), 28% were for established patients with a failed access awaiting a new 
implanted access, 25% were for new patients awaiting an implanted access, and 6% were 
for other reasons, including patient preference (1). 

Here, we discuss and provide resources for three aspects of a prevention program: 
surveillance, prevention of infections, and prevention of antimicrobial resistance. 

Surveillance for Infections 

Although information from the literature is invaluable in preventing infections, local data 
provide the information needed to quickly identify problems and target control measures. 
A record keeping system, such as a log book or electronic file, should be developed and 
maintained centrally (37). Information that should be collected at the individual patient 
level for aggregate analyses includes episodes of bacteremia or loss of the vascular access 
due to infection (including date of onset, site of infection, genus and species of the 
infecting organism, and selected antimicrobial susceptibility results). A staff person 
should be designated to periodically review episodes of bacteremia or vascular-access 
infections and test results; a protocol should be specified for actions required when 
findings from this review indicate action is needed. 

For comparisons of data on infections or complications across outpatient facilities, it is 
necessary to adjust the number of events for the number of days at risk or the number of 
dialysis sessions. Several recent articles outline methods and definitions for surveillance 
for hemodialysis access infections (13,15,16). The CDC sponsors a system available to 
all centers caring for hemodialysis outpatients (see 
http://www.cdc.gov/ncidod/hip/default.htm); forms are available as a resource, and 
dialysis centers can voluntarily participate. 

Preventing Infections 

Recommendations for preventing vascular-access infections have been developed by 
NKF (22) and CDC/HICPAC (4) and represent the critical first step in the CDC 
Campaign to Prevent Antimicrobial Resistance (3). Selected recommendations for 
preventing hemodialysis catheter-associated infection include the following: not routinely 
replacing the catheter; using sterile technique (cap, mask, sterile gown, large sterile 
drapes, and gloves) during catheter insertion; limiting use of noncuffed catheters to 3–4 
weeks; using the catheter solely for hemodialysis unless there is no alternative; restricting 
catheter manipulation and dressing changes to trained personnel; replacing the catheter-
site dressing at each dialysis treatment or if damp, loose, or soiled; disinfecting skin 
before catheter insertion and dressing changes (a 2% chlorhexidine-based preparation is 
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preferred); and ensuring that catheter-site care is compatible with the catheter material 
(28). 

The European Renal Association recommends the following measures to reduce the 
susceptibility of hemodialysis patients to infection: ensure optimal adequacy of 
hemodialysis, prevent or treat malnutrition, maintain optimum hemoglobin concentration, 
avoid iron overload, and use a dialysis membrane with the lowest degree of complement 
and leukocyte activation (38). Vaccination might also be added to the list of measures to 
reduce susceptibility to infections, e.g., a recent study describes successful limited 
immunization of hemodialysis patients with a S.aureus vaccine (39). 

In hemodialysis patients, the IDSA/ACCCM/SHEA guidelines recommend treatment 
with nasal mupirocin in documented S.aureus carriers who have had a catheter-related 
bacteremia with S.aureus and continue to need the hemodialysis catheter (6). Otherwise, 
the routine use of nasal mupirocin in  

Table 3 Twelve Steps to Prevent Antimicrobial 
Resistance among Dialysis Patients 

Prevent Infection 

Step 1. Vaccinate Staff and Patients 

• Get influenza vaccine 

• Give influenza and pneumococcal vaccine to patients in addition to routine vaccines (e.g., 
hepatitis B) 

Step 2. Get the Catheters Out 

Hemodialysis 

  • Use catheters only when essential 

  • Maximize use of fistulas/grafts 

  • Remove catheters when they are no longer essential 

Peritoneal Dialysis 

  • Remove/replace infected catheters 

Step 3. Optimize Access Care 

• Follow established KDOQI and CDC guidelines for access care 

• Use proper insertion and catheter-care protocols 

• Remove access device when infected 

• Use the correct catheter 

Diagnose and Treat Infection Effectively 

Step 4. Target the Pathogen 

• Obtain appropriate cultures 

• Target empiric therapy to likely pathogens 
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• Target definitive therapy to known pathogens 

• Optimize timing, regimen, dose, route, and duration 

Step 5. Access the Experts 

• Consult the appropriate expert for complicated infections 

Use Antimicrobials Wisely 

Step 6. Use Local Data 

• Know your local antibiogram 

• Get previous microbiology results when patients transfer to your facility 

Step 7. Know When to Say “No” to Vanco 

• Follow CDC guidelines for vancomycin use 

• Consider 1st generation cephalosporins instead of vancomycin 

Step 8. Treat Infection, Not Contamination or Colonization 

• Use proper antisepsis for drawing blood cultures 

• Get one peripheral vein blood culture, if possible 

• Avoid culturing vascular catheter tips 

• Treat bacteremia, not the catheter tip 

Step 9. Stop Antimicrobial Treatment 

• When infection is treated 

• When infection is not diagnosed 

Prevent Transmission 

Step 10. Follow Infection Control Precautions 

• Use standard infection control precautions for dialysis centers 

• Consult local infection control experts 

Step 11. Practice Hand Hygiene 

• Wash your hands or use an alcohol-based handrub 

• Set an example 

Step 12. Partner With Your Patients 

• Educate on access care and infection control measures 

• Re-educate regularly 

patients with hemodialysis catheters is not recommended by either CDC or the NKF 
(4,22). 

The KDOQI guideline recommends either povidone-iodine or mupirocin ointment at 
the exit site of the hemodialysis catheter, unless there is an interaction with the material 
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of the catheter (22). Mupirocin should be avoided with polyurethane catheters because of 
potential material degradation (34,35). The HICPAC/CDC guideline recommends only 
povidone/ iodine ointment (4). The practice of antibiotic lock is not routinely 
recommended for prevention of infections (4). However, an antibiotic lock may be used 
when there is a history of multiple catheter-related bacteremias despite optimal aseptic 
technique (4). 

Preventing Antimicrobial Resistance 

The CDC has developed the Campaign to Prevent Antimicrobial Resistance (3). For each 
of several subspecialties, including nephrology, a manuscript and series of 12 action steps 
was developed (http://www.cdc.gov/drugresistance/healthcare/patients.htm#dialysis). 
The 12 steps are grouped into the following four strategies: prevent infection, diagnose 
and treat infections effectively, use antimicrobials wisely, and prevent transmission. The 
steps address aspects of protecting patients with appropriate vaccination, eliminating 
unnecessary risk of infection, diagnosis and effective treatment of infections, judicious 
use of antimicrobials, and prevention of secondary transmission of infections (Table 3). 
Resources are available for public use and can be downloaded from the web site. 

SUMMARY AND CONCLUSION 

Hemodialysis patients are at high risk for infection because they are 
immunocompromised and require a vascular-access site for removal and replacement of 
blood. The vascular access may consist of an implanted access (fistula or graft) or a 
catheter. Rates of infection are highest for catheters, and the percent of U.S. hemodialysis 
patients treated with catheters increased to approximately 25% in 2001. Because of 
frequent infections and need for antimicrobial therapy, resistance to antimicrobials 
(particularly vancomycin) is high in hemodialysis patients. The most important infection 
control strategy is to use an implanted access rather than a catheter. For patients with 
catheters, strict adherence to guidelines for insertion and care are essential to minimize 
the risk of infection. 
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INTRODUCTION 

Central venous catheters (CVCs) have become a major asset in the treatment of infants 
and children with various forms of malignancy, nutritional disorders, and chronic 
debilitating diseases. Infection remains one of the most frequent and troublesome 
complications of CVCs in all categories of pediatric patients. In a large survey of 
nosocomial infections (NIs) in 4684 pediatric patients, it was found that the highest NI 
rate occurred in the neonatal intensive care unit (NICU) (14%), followed by neurosurgery 
(12%), hematology/oncology (12%), neonatal surgery (9%), and the pediatric intensive 
care unit (ICU) (6%) (1). Both this last study and the National Nosocomial Infections 
Surveillance (NNIS) study in the United States (2-A) revealed that NIs in pediatric 
patients, particularly in the ICU and among neonatal and hematology/oncology patients, 
are primarily bloodstream infections which are intravascular device-related. 

For this reason this chapter will be mainly confined to the epidemiology, 
microbiology, clinical aspects, and issues of management of CVC-related infections 
(CRI) in those categories of pediatric patients in which they are most prominent, 
particularly premature newborns and children with cancer, and to their predominant 
pathogen: coagulase-negative staphylococci (CONS). A considerable experience has 
been gathered over the past 20 years with respect to CRIs in infancy and childhood. The 
data published up to 1988 were superbly reviewed by Decker and Edwards (5). That 
review was used as starting point for the chapter on Catheter-Related Infections in 
Children in the first edition of this book; in the present review we have extended and 
updated this information. 

Since bacterial factors and pathogenetic mechanisms involved in these infections are 
dealt with in the various other chapters of this book, they will be discussed here only as 
far as they are relevant and specific for the pediatric situation. 



PATHOGENESIS 

As pointed out in the introduction, intravascular device-related infections in infants and 
children are most commonly encountered in the NICU and in hematology/oncology 
patients. A number of pathogenetic factors have been identified, particularly for the 
premature newborn, which may partially explain this enhanced susceptibility. The 
propensity for CONS bacteremia to occur in the most premature infants is probably 
explained by the decline in host defenses, particularly opsonic defense, to CONS with 
increasing prematurity (6,7). Opsonic defense to CONS in premature infants proved to be 
exclusively dependent on complement activation (6), which is deficient itself in the 
premature infant (6,8–10). Moreover, CONS strains from neonatal bacteremia may vary 
in their opsonic requirements (11–13). Particularly, some strongly hydrophobic CONS 
strains proved to be almost opsonization-resistant in neonatal serum (11). Based on these 
findings, it is not surprising that some of these CONS strains cannot be cleared by 
premature newborns from their bloodstream. In addition, we found transplacental IgG to 
be opsonically deficient for CONS, which adds to the neonate’s host defense defects 
against these bacteria. 

Another factor of potential pathogenetic importance is the ability of CONS strains to 
survive and persist in the NICU environment. Persistence of CONS strains in the NICU 
has been well documented in a number of studies (14–19). The capacity to develop 
antibiotic resistance appears to be one of the driving forces behind persistence of such 
strains (18–20). There are undoubtedly additional factors that determine persistence of 
CONS strains in the NICU, but very little definite information exists on the identity of 
such factors. The ease with which strains colonize both personnel and patients, enabling 
them to be transmitted within the unit, may be such a factor and another driving force 
behind persistence of certain CONS strains. 

We indeed obtained evidence for this notion in a study using molecular typing 
methods that showed that neonatal CONS septicemia is most fre-quently caused by 
certain strains that are not only antibiotic-resistant, but also predominate in the unit and 
are widely distributed among both neonates and personnel (20). Apparently, these 
particular molecular types harbor characteristics that promote colonization. At the 
molecular level, these colonization factors are probably adhesins expressed at the surface 
of the staphylococcal cell wall, like the biomaterial adhesins of CONS (21), with which 
they possibly share expression on fimbriae-like surface appendages (22). It is an 
attractive hypothesis that these adhesins of CONS are a family of “multipurpose” 
adhesive molecules that may mediate adherence to skin and mucosal surfaces as well as 
to biomaterials. Strains possessing this kind of adhesins are clearly at a considerable 
advantage over other strains, provided that, in addition, they are also capable of quickly 
adapting and becoming resistant to antibiotics used in these units. It is evident that such 
CONS strains are not only supremely equipped for survival and persistence in the NICU, 
but also in other departments where biomaterials and antibiotics are widely used. 
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EPIDEMIOLOGY 

Neonatal Intensive Care 

Incidence 

Nosocomial infections are an important cause of morbidity in NICUs and are primarily 
device-related, i.e., CVC-related. The incidence, expressed in different ways in various 
studies, varies from 5 to 32% in hospitalized infants and from 5 to 20 infections/1000 
catheter-days, respectively (4,23–28). These variations can probably be explained by 
differences in the intensity of care, gestational age, and birthweight, duration of hospital 
stay between study populations, and possibly also differences in the definitions used in 
the studies. However, recent multicenter studies among NICUs in the United States have 
confirmed a considerable center-to-center variability in incidence of late-onset sepsis 
(25,26,28). 

Risk Factors 

Birthweight and gestational age were the risk factors with the strongest relationship with 
late-onset sepsis in all four recent surveys from the United States (25–28). A similar 
relation was found in an earlier multicenter study by Gaynes et al., in which it was found 
that infants of <1500-g birthweight were three times more likely to acquire a CVC-
related bacteremia than infants of >1500 g (median infection rates of 14.6 and 5.1 
bacteremias per 1000 catheter-days, respectively, P=0.0001) (4). This highly significant 
inverse relation of infection rate with birthweight and gestational age was confirmed in 
more recent surveys (25,26,28). 

Other factors, such as crowding, may also greatly influence the incidence rate of NIs 
in the NICU, as was demonstrated in the classic study of Goldmann et al. (24), in which a 
fivefold decrease in NI rate was found after the NICU was moved to a new, more 
spacious facility. 

In addition, changes in the mode of care, particularly increased instrumentation, have 
undoubtedly influenced the evolution in the pattern of NIs in the NICU, as we have 
observed in an epidemiological study over the last decade (1990–2000) in our own unit. 
An increasing incidence of nosocomial sepsis in general was noted in this last decade, 
from 5% in 1990 to 16% in 2000, and an emergence of nosocomial CONS sepsis in 
particular; these phenomena were parallelled by an increasing use of indwelling 
intravascular catheters, artificial ventilation and total parenteral nutrition (TPN) (Krediet 
et al., 2002, unpublished data). The data suggest that increased instrumentation, 
particularly IV access through CVCs and the administration of TPN, may be in part 
responsible for the current trends in NIs in the NICU, especially for the emergence of 
certain nosocomial pathogens, notably CONS, during the past decades. This trend of 
increased instrumentation, i.e., intravascular access and TPN use, and its association with 
nosocomial septicemia in the NICU has been noted in various surveys as well as in a 
number of studies from single centers (25,28–31). 

The proportion of NIs that are CVC-related is evidently dependent on the extent to 
which CVCs are used in a particular NICU. As mentioned earlier, this rate is very high in 
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the intensive care nursery of today. As a result, CVC-related bacteremia presently exists 
as one of the most important NIs in NICUs, with rates of 10 to 15%. This was 
exemplified in a nationwide survey conducted in the Netherlands on complications of 
parenteral nutrition in neonates involving seven NICUs, in which it was found that CVC-
related sepsis was the most frequent complication, occurring in 11.7% of infants (32). 

The results of the NNIS study (4) clearly showed that the use of devices characterized 
the NICU in terms of invasive practices as well as the average severity of illness of the 
infants. In addition, the NNIS study convincingly demonstrated that the utilization of 
devices was an important risk factor for the occurrence of NIs. Thus, the incidence of 
nosocomial bacteremia was found to be related mainly to the use of central catheters. 
These findings were corroborated in four more recent NICU surveys (25–28). 

However, it should be emphasized that other modes of care of hospitalized premature 
newborns may independently influence NI rates. For example, lipid parenteral nutrition 
not only may promote CVC-related sepsis by specific agents such as the yeast Malassezia 
furfur (33,34), but also appears to be an independent risk factor for CONS bacteremia 
(29,30) and candidemia (35–37). In addition, Shah et al. (38) found that CVC use was an 
independent risk factor for Gram-negative bacteremia in the NICU. 

It can be concluded that, although the complexity of modern neonatal care makes it 
difficult to disentangle the various possible risk factors for nosocomial septicemia, the aid 
of statistical methods including logistic regression analysis has permitted identification of 
the most important ones. The aforementioned studies have clearly documented that 
prematurity, low birthweight, CVC use, and the administration of TPN, particularly 
lipids, are the predominant risk factors. 

Molecular Epidemiology 

Until recently, molecular epidemiologic studies were difficult to realize because reliable 
molecular typing methods of causative agents were unavailable. However, modern 
molecular typing methods have, in the meantime, revolutionized epidemiologic studies of 
microbial infections and have, in fact evolved into essential tools for such studies (39). 
By using various methods, notably RAPD (randomly amplified polymorphic DNA), 
ribotyping and PFGE (pulsed-field gel electrophoresis), a number of features of the 
epidemiologic behavior of CONS strains in the hospital environment and in the NICU, in 
particular, has been clarified. For example, Bingen et al. (40) demonstrated that RAPD 
provided differentiation of CONS blood isolates from a pediatric hospital, revealing 
cross-infection in one ward but not in another. By molecular typing of CONS 
bloodstream isolates collected over periods of up to 10 years in a neonatal unit, Huebner 
et al. (14) and Lyytikäinen et al. (15) showed that certain CONS types can become 
endemic over longer periods of time and can repeatedly cause bloodstream infections in 
neonates, and that cross-infection is probably common. A number of studies have 
confirmed these observations (16–19). Moreover, the studies of Burnie et al. (17) and 
Vermont et al. (18) demonstrated that different units could harbor different predominant 
epidemic clones, even within one hospital. In addition, two recent studies (17,20) have 
documented colonization of personnel of the unit with the predominant types causing 
bloodstream infections, indicating a role of staff members in cross-infection with these 
predominant clones. Together these data suggest that each unit selects and generates its 
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own predominant CONS clones, which may persist for long periods of time in the unit 
and can become a source of bloodstream infection if sufficiently susceptible hosts are 
present. 

Another interesting application of molecular typing was reported by Hammerberg et 
al. (41). They provided evidence that CONS blood isolates from neonates are only rarely 
found (in only 7% of cases) on the skin venipuncture site after skin cleansing by iodine 
and alcohol. Accordingly, the authors conclude that in the vast majority of cases, neonatal 
CONS blood isolates represent true bacteremia rather than contamination. 

It is evident that nucleic acid-based methods have quickly become the gold standard of 
typing of CONS isolates, as is true for other microbes, and are therefore essential and 
indispensable tools for epidemiologic studies. 

Morbidity and Mortality 

Mortality directly attributable to CVC-related septicemia tends to be low, i.e., only a few 
percent or even zero in most studies. It should be realized, however, that the 
overwhelming majority of these infections are due to CONS and it is generally observed 
that CVC-related CONS infections tend to have a low mortality (25,28). Despite this, it 
should be mentioned that the NICU surveys of Stoll and Fanaroff still found that infants 
with CVC-related sepsis were more likely to die during hospitalization (25,27,28). 
Although it was difficult to directly relate death to infection because of associated 
morbidity, infants with Gram-negative sepsis were at the greatest risk to die (25,28). This 
is another important point emphasized by these surveys, that the death rate of the more 
rare causes of CVC-related septicemia is considerably higher than for CONS infections, 
e.g., for Staphylococcus aureus it is 18% and for Gram-negative bacilli it is 40 to 60%. 
Despite its low overall mortality, late-onset CVC-related septicemia is still a significant 
problem in NICUs, because associated morbidity is extensive. In addition, there is 
prolongation of hospital stay, and considerably increased cost and resource use 
(25,27,28,42,43). 

In summary, it is evident from a large number of studies during the past 20 years that 
CVC-related bacteremia is an important NI in the NICU and that CONS dominate as 
causative agents (4,24–28,44–46). Mortality is low, but morbidity is extensive and 
associated costs are considerable; therefore, CVC-related CONS septicemia has evolved 
into a major problem in neonatal intensive care. 

Hematology/Oncology 

Epidemiology 

Infection is one of the major complications of the use of long-term right atrial catheters of 
the Hickman-Broviac type in children with cancer (47–59). The incidence varies widely, 
from 0.15 to 6.8 episodes per 1000 catheter-days (Table 1). Catheter-related bacteremia, 
the most serious infectious complication of CVCs, occurs with a frequency of 0.52 to 
6.8/1000 catheter-days (Table 1). As with CRI in neonates, the wide variation in 
incidence rates is probably explained by differences in patient populations and in the 
definition of CRI. 
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Risk Factors 

Risk factors for the occurrence of CRI in pediatric oncology patients have been assessed 
in a number of studies, particularly the role of variables such as neutropenia, 
chemotherapy, and age. Hartman and Shochat (50) found that neutropenia was associated 
with 70% of CRI, but also that 75% of all other infections occurred during neutropenia. 
Thus, in this study, neutropenia per se did not appear to increase the risk of CRI. 
However, insertion of a CVC during a neutropenic episode was associated with a more 
than twofold increased risk of bacteremia. In contrast, a large European Organisation for 
Research and Treatment of Cancer (EORTC) survey by Viscoli et al. (51) revealed that 
neutropenia did not impose an increased risk for CRI. This finding was confirmed in at 
least four other studies (56,58,60,61). 

Table 1 Incidence of Central Venous Catheter-
Related Infections in Neutropenic Childrena 

  Incidence (rate/1000 catheter-days) 

Study Local infection Bacteremia 

Darbyshire et al. (77) —b 6.8 

Johnson et al. (78) 2.8 1.4 

Hartman and Shochat (80) 2.5 2.1 

Viscoli et al. (81) 0.16 0.52 

Van Hoff et al. (82) 0.54 2.3 

Rizzari et al. (83) 0.15 4.4 

Uderzo et al. (84) 2.5 0.58 

Rikkonen et al. (85) 0.22 0.75 

Das et al. (56) — 1.7 

Elishoov et al. (59) 2.6 5.3 

Ertem et al. (57) 0.6 4.9 

Stamou et al. (58) 1.4 0.75 
a Data compiled from twelve studies, 1985–1999 (Refs. 56–59, 77, 78, and 80–85). 
b—=not stated. 

Contrary to these latter findings, Hiemenz et al. (49) reported that from their experience 
with CVCs at the National Cancer Institute in Bethesda, Maryland, neutropenic patients 
had a fourfold increased risk of developing bacteremia if they had a CVC in place. 
Rizzari et al. also noted an increased risk of CRI during neutropenia (53), and similar 
observations were obtained by Elishoov et al. (59) in a recent prospective study in bone 
marrow transplant patients. Thus, the question whether neutropenia poses a risk factor for 
CRI in children with cancer appears to be unresolved. The only valid conclusion seems to 
be that placement of a catheter increases the risk of infection in both neutropenic and 
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nonneutropenic oncological patients. Whether bone marrow transplantation (BMT) poses 
an independent risk for CRIs is another unresolved issue, although in a recent review of 
CRIs in BMT recipients, the authors concluded that in non-BMT patients with malignant 
disease rates of CRI were indeed lower (59). However, in the strict sense, these 
populations are not comparable, because the decision to perform a BMT in a cancer 
patient places the patient, by definition, in another category. Therefore, calculation of an 
independent risk associated with BMT will be difficult, if not impossible. 

With respect to patient age in relation to the risk of CVC infection, Johnson et al. (48) 
clearly found an increased risk for Broviac catheter infections in younger children. 
Toddlers (1 through 4 years of age) had a rate of 3.9 infections per 1000 catheter-days 
compared to rates of 2.7/1000 catheter-days for school children and 0.5/1000 catheter-
days for adolescents. Similar observations were made by Mulloy et al. (62), who found 
that children <2 years of age were 2.6 times more likely to experience sepsis associated 
with tunneled CVCs than older children. 

The type of device also influences the rate of infection. A study from the Memorial 
Sloan-Kettering Cancer Center (63) reported that the rate of CRI in 1431 cancer patients 
was tenfold lower in those with implanted ports (0.21/ 1000 catheter-days) than in those 
with Hickman-type silastic tunneled CVCs (2.77/1000 days). Similar findings were 
obtained by Rikkonen et al. (55), who observed that Hickman-Broviac type catheters 
carried a higher risk for bacteremia (0.75/1000 catheter-days) than implanted ports 
(0.14/1000 days). Moreover, these authors noted that CVCs in place for >300 days 
tended to be safer in this regard than those of shorter duration, although the difference 
was not statistically significant. It should be noted that patients with long infection-free 
intervals had leukocyte counts >1000/µl at the time of insertion of the CVC; thus, it is 
likely that their better host defenses contributed to the prevention of CRI, although the 
precise role of neutrophils in the pathogenesis of foreign body-related infections is still 
uncertain (64). However, it has also been observed in several studies that there is a 
subpopulation of patients that never develops an infection (47,48,55,56,59). Therefore, 
there may be a subpopulation of cancer patients that as a result of as yet unknown 
characteristics is less likely to develop a CRI a priori, apart from higher leukocyte counts 
at the time of insertion of a CVC. There are recent data indicating an association between 
infection risk in hemato-oncological patients and gene polymorphisms in determinants of 
innate immunity, specifically mannose-binding lectin (64a,64b). Further analysis of these 
determinants may yield valuable information for the management and control of CRI, not 
only in this particular group of patients, but presumably also for other categories. A 
possible explanation for the phenomenon that CVCs with long infection-free intervals are 
safer is offered by the experimental studies by Sherertz et al. (65,66). These studies 
demonstrated both in a mouse and in a rabbit model of subcutaneous catheter infection 
that catheters residing in the animal for 2 to 4 days before inoculation with 
microorganisms had up to 40% lower infection rate than catheters challenged 
immediately after insertion. Presumably, if one allows an inflammatory reaction to be 
formed around the catheter, the likelihood of a subsequent CVC infection is less. 
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Molecular Epidemiology 

Molecular epidemiologic studies have revealed that, similar to the situation in the NICU, 
there are persistent CONS clones in hematology units carried by personnel and capable of 
causing bloodstream infections in susceptible patients (17,67). 

Morbidity and Mortality 

Mortality attributable to CRI is low, varying from 0 to 6% in the studies cited (47–59), 
and even if death ensues it is often difficult to specifically relate it to CVC infection. In 
this respect, the causative agent appears more important, i.e., death from CRI is more 
likely to occur with agents such as Gram-negative bacilli, particularly Pseudomonas 
aeruginosa, S. aureus and Candida spp., than with CONS (59). 

Other Categories 

Cystic Fibrosis 

Other patient categories in which long-term cannulae are used are cystic fibrosis (CF) 
patients and patients on long-term home parenteral nutrition (HPN). There is relatively 
little information on risk factors and infection rates in these pediatric populations. 
Recently, the ten-year experience with regard to CRI in CF patients from a single center 
was reported (68). This study found only nine infections during a total of 75,660 catheter-
days, for a rate of only 0.12 CVC infections per 1000 catheter-days. 

Long-Term Parenteral Nutrition 

A French study of CRI in children on HPN (69) noted an interesting dichotomy in the 
patient group: those with relatively few infections and a group with more frequent 
infections. The group with relatively few infections was characterized by a longer 
duration of HPN and a longer delay between start of HPN and the first CRI episode. 
These findings suggest that as yet unknown patient characteristics determine a priori the 
likelihood of CRI in patients on long-term HPN. 

MICROBIOLOGY 

In all categories of pediatric patients, CONS feature as the foremost agents of CRI. The 
CONS have “invaded” and perhaps even surprised the medical world during the last 
decades as versatile pathogens in patients fitted with intravascular or prosthetic devices. 
A number of reviews have highlighted virtually all aspects of CONS (70–75), among 
these two excellent reviews dealing with their exceptional significance as the foremost 
agents of CRI in the premature neonate (74,75). Also, in pediatric hematology/oncology 
patients, CONS dominate as causative agents of CRIs. In the present section we will 
discuss the microbiology of CRI in these two pediatric risk categories separately. 
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Neonatal Intensive Care 

Coagulase-Negative Staphylococci 

The CONS cause 50 to 80% of nosocomial septicemias in the NICU, according to 
reviews covering the last 15 to 20 years (25–28). These septicemias emerged in the 1980s 
when a number of NICUs noted an increase in bloodstream infections due to CONS 
(24,30,44–46,76). It soon became evident that this phenomenon could no longer be 
regarded as contamination of blood culture bottles due to improper aseptic techniques. 
These latter studies clearly documented CONS bacteremia in the premature neonate as a 
separate disease entity which is almost exclusively intravascular device-related. In fact, 
catheter-related sepsis in prematures has become almost synonymous with CONS 
bacteremia. 

A number of features of CONS make this species particularly well equipped for 
causing infection with CVCs and other prosthetic devices. These properties have been 
highlighted in the preceding chapters on pathogenesis and will not be reiterated here, as 
these bacterial factors are likely to play a similar role in the pathogenesis of catheter-
related infection in adults and children. However, the finding that slime production may 
characterize invasive CONS isolates and thus represent a risk factor for CONS 
bacteremia in infants colonized with such strains (77,78) could not be verified in our 
study (79). 

With the emergence of CONS as important pathogens in certain hosts, typing became 
particularly important and in 1988 an evaluation of CONS typing methods was presented 
in a review on the clinical significance of CONS by Pfaller and Herwaldt (72). This 
review was updated in 1994 by Kloos and Bannerman (80). 

Phenotyping of CONS strains from neonatal bacteremia cases associated with CVCs 
by biochemical profile-based methods such as API Staph-Ident has revealed that the 
majority of isolates belong to S. epidermidis (75% or more), the remainder to S. 
haemolyticus, S. hominis, and S. warneri (76–78). However, a clear disadvantage of 
phenotype-based methods is their lack of discriminatory power in epidemiologic studies 
(72,80). For the latter purpose, molecular typing methods are much better suited and in 
the meantime have proven to be an invaluable tool for epidemiologic typing of CONS 
isolates, as already discussed in the section on Epidemiology. 

Staphylococcus aureus 

Staphylococcus aureus, Gram-negative enteric bacilli, and Candida spp. feature as 
causative agents of CVC-related sepsis next to CONS, however, with considerably lower 
incidence rates, varying from around 3 to 10% (25,26,28). According to two large recent 
surveys, S. aureus ranks second or third among nosocomial pathogens in pediatrics 
(1,81), and its position as a nosocomial pathogen in the NICU is the same; in two large, 
recent NICU surveys it ranked second or third (25,26,28). Moreover, in a report from a 
single Swedish neonatal center, it even surpassed CONS as the most important 
nosocomial blood isolate (82). 
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Gram-Negative Bacilli 

CVC-related infections due to Gram-negative enteric bacilli occur with rates up to 10% 
in the NICU and have been reported in association with contaminated TPN infusion 
fluids (83). Contamination with Klebsiella and Enterobacter was traced to repeated entry 
of lipid emulsion bottles which had been extrinsically contaminated by hands of 
personnel. The importance of a CVC as a risk factor also for Gram-negative nosocomial 
bacteremias was highlighted in a retrospective study by Shah et al. that found a 
substantially increased incidence of Gram-negative rod septicemia in the NICU during 
recent years (1995–1997 compared to 1988–1994), from 10.2 to 25.5 episodes/ 1000 
NICU admissions, respectively (38). Risk factors associated with Gram-negative rod 
septicemia were maternal intrapartum antibiotics and the presence of a CVC. 

All surveys note that CVC-related bloodstream infection due to P. aeruginosa is rare 
(around 2%), but runs a devastating course with a high mortality (60 to 100%) 
(25,26,28,84). 

Candida 

The incidence of CVC-related fungemia in the NICU, with Candida spp. as the 
predominant agent, ranges from 7 to 12% in most surveys, making it the second or third 
most frequent nosocomial bloodstream infection in the NICU (25,26,28,84). A recent 
prospective multicenter NICU study from the United States clearly identified the 
presence of a central catheter as a highly significant risk factor for neonatal candidemia 
(37). 

A CRI due to the lipophilic yeast M. furfur has been observed in neonates and older 
infants receiving IV lipid emulsions (33,34,85). 

Hematology/Oncology 

In most studies, Gram-positive organisms constitute the majority of bloodstream isolates 
of CVC-related bacteremias in hematology/oncology patients, accounting for up to 78% 
of isolates (Table 2). In the previously cited studies (47–59), CONS rank first among the 
Gram-positive agents, comprising 13 to  

Table 2 Causative Agents of Central Venous 
Catheter-Related Infection in Neutropenic Children: 
Predominance of Gram-Positive Organismsa 

Study Gram-positive (%) CONSb (%) 

Darbyshire et al. (77) 67 51 

Johnson et al. (78) 46 13.5 

Hartman and Shochat (80) 46 19 

Viscoli et al. (81) 78 30 

Van Hoff et al. (82) 59 30 
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Rizzari et al. (83) 56 43 

Uderzo et al. (84) 75 50 

Rikkonen et al. (85) 55 25 

Das et al. (56) 66 51 

Elishoov et al. (59) 41 17 

Ertem et al. (57) 48 25 

Stamou et al. (58) 90 60 
a Data compiled from twelve studies, 1985–1999 (Refs. 56–59, 77, 78, and 80–85). 
b CONS=Coagulase-negative staphylococci.  

60% of all agents, but 30 to almost 80% of gram-positive isolates (Table 2). Other 
causative agents include S. aureus, viridans streptococci, enterococci, a variety of Gram-
negative bacilli, with Escherichia coli, Klebsiella, Enterobacter, and P. aeruginosa as 
predominant isolates, and fungi and yeasts, primarily Candida spp. More rare pathogens 
include Bacillus spp. (86) and Mycobacterium chelonae/fortuitum (87). Apart from the 
fact that these infections occurred in immunocompromised patients (mostly children 
treated for leukemia and lymphoma) and in the obvious presence of a Hickman catheter, 
there were no predisposing factors to distinguish these cases. 

CLINICAL MANIFESTATIONS 

Neonatal Intensive Care 

The clinical picture of CVC-related CONS bacteremia in the premature neonate has been 
described in some detail in a number of studies (27,30, 44–46,76). All studies mentioned 
the relatively indolent clinical presentation of CONS bacteremia. A summary of clinical 
manifestations and laboratory values most frequently found to be abnormal is presented 
in Table 3. It should be realized that most of these signs and symptoms are rather 
nonspecific. These infections tend to occur during the second and third week of 
hospitalization, primarily in low-birthweight, severely ill, premature infants with a CVC 
in situ (umbilical or inserted through a peripheral vein), often being on TPN and treated 
with broad-spectrum antibiotics. It should be mentioned that the data in all these studies 
were examined retrospectively; therefore, conclusions are inevitably biased. 

For this reason a more detailed analysis of clinical risk factors and manifestations was 
attempted in a few prospective studies. The essential findings of a prospective clinical 
study by Schmidt et al. (88) were that infants with CONS bacteremia had temperature 
elevation, an increased oxygen requirement, lethargy, and feeding intolerance 
significantly more often than noninfected matched controls. The most frequently found 
laboratory abnormalities were an increased leukocyte count, particularly an increased 
immature:total neutrophil (I:T) ratio; a decreased platelet count; and an elevated C-
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reactive protein (CRP). In addition, Schmidt et al. identified an elevated CRP as the best 
discriminating laboratory variable. 

Table 3 Signs and Symptoms and Laboratory 
Abnormalities in Infants with Coagulase-Negative 
Staphylococcal Bacteremia 

Signs and symptoms 

Recurrent bradycardia 

Recurrent apneic attacks 

Pallor and/or cyanosis 

Fever or temperature instability 

Increased oxygen requirement 

Lethargy 

  

Feeding intolerance 

Laboratory abnormalities 

Leukocytosis 

Increased immature:total neutrophil ratio (I:T) 

Decreased platelet count 

  

C-reactive protein increased 

However, in a prospective study of the value of I:T ratio and CRP as diagnostic tools 
in early- and late-onset neonatal sepsis, including CONS bacteremia, we could not 
confirm these results. We found the positive predictive value of both I:T ratio and CRP to 
be too low to be of any diagnostic value in both early-onset (41 and 36%, respectively) 
and late-onset neonatal sepsis (68 and 63%, respectively) (89). The negative predictive 
value of these parameters was found to be higher (90 to 98%); therefore they seem to be 
more suitable in excluding infection in the neonate. 

The clinical picture of CVC-related S. aureus bloodstream infections in the NICU is, 
in our experience, usually similar to that of CONS infections, and only a minority may 
present with a more severe clinical syndrome. A similar experience was noted in a 
Swedish study (82), and although in this study it was not clearly stated whether S. aureus 
infections were CVC-related or not, it was thought that the increased rate of 
staphylococcal nosocomial septicemias (both S. aureus and CONS) was due to an 
increased use of invasive procedures. In one of the surveys from the United States, it was 
found that S. aureus infections were more commonly linked to surgery (26). Two of the 
other surveys from the United States (25,28) found a higher mortality rate for nosocomial 
sepsis due to S. aureus than for CONS sepsis (18 vs. 10% and 17 vs. 9%, respectively), 
but both rates were considerably lower than those for sepsis due to Gram-negative bacilli 
(around 40%) and to Candida spp. (around 30%). These latter data indicate that CVC-
related septicemia due to Gram-negative rods and candidemia may run a more severe 
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course in the neonate than CONS infections. This is particularly true for Gram-negative 
sepsis associated with contaminated infusion fluids. 

In a study on an outbreak caused by lipid emulsions contaminated with Klebsiella and 
Enterobacter, there was substantial morbidity and mortality: five of 20 infants developed 
a severe, life-threatening illness, and two of these five died (83). This report underscores 
the need for rigorous hygienic measures when administering TPN to small infants, 
particularly hand hygiene during preparation of TPN fluids. 

Candidemia is a much feared infection in the neonate, because of the mortality rate of 
up to 50% reported in earlier studies (90,91). However, the prognosis of CVC-related 
candidemia may be less terrifying. Two recent studies, both reporting on long-term 
experience, found mortality rates directly attributable to CVC-related Candida infection 
of 20 and 12%, respectively (35,36), which corresponds to the generally relatively mild 
clinical picture of CVC-related candidemia. Clinical findings are usually not helpful in 
distinguishing CVC-related candidemia in the neonate from other causes of CRI, with 
temperature instability, respiratory deterioration, and attacks of apnea and bradycardia 
predominating, i.e., much like the indolent picture of CONS sepsis (27,35,36,92). Apart 
from the relatively benign clinical presentation, another reason for the significantly better 
prognosis when compared to the older reports may be an earlier awareness of candidemia 
in neonates with a CVC, and thus less reluctance to discard Candida as a contaminant. 
This increased vigilance when Candida is isolated from cultures may be clinically 
important, considering the nonspecific clinical findings. Colonization with Candida may 
direct attention to this agent as a possible cause, as in a recent multicenter study from 
NICUs in the United States, colonization was found to be a risk factor for nosocomial 
candidemia in univariate analysis (37). Early diagnosis and, as a result, prompt and 
aggressive treatment, i.e., removal of catheters and antifungal therapy, may be 
instrumental in improving outcome of neonatal candidemia. Even in the earlier reports it 
was noted, despite a mortality rate of 50%, that rapid initiation of treatment resulted in a 
much better outcome than when there was a delay in diagnosis and initiation of therapy. 
In fact, these earlier studies reported that as much as 20 to 30% of cases of neonatal 
systemic candidiasis may go undiagnosed during life and are only documented at 
autopsy, and therefore, supposedly, inadequately treated or not treated at all. 

Most CRIs with the lipophilic yeast M. furfur are usually clinically not very severe. 
Most patients develop a mild-to-moderate infection with apneic and bradycardic attacks, 
low-grade fever, and respiratory symptoms. 

Hematology/Oncology 

A CRI in the child with cancer usually manifests itself as a febrile episode. Fever is a 
common event in neutropenic patients, often alerting the physician to an impending 
infection in a vulnerable patient. In the absence of signs of any other site of infection, 
notably lungs, urinary tract, or gastrointestinal tract, an indwelling CVC is often 
suspected to be the source of infection, especially if the exit site and/or the tunnel tract of 
the CVC are inflamed. In addition, fever is often included in the definition of CRI, and 
therefore necessarily present in most patients with such an infection. Local signs, e.g., at 
the exit site or along the tunnel tract, are present only in a minority of patients with CRIs. 
Only one study reports an incidence of 50% (58); others find local signs in 20 to 40% of 
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cases of CVC-related sepsis, or even much less. Thus, absence of local signs certainly 
does not exclude a CRI. 

DIAGNOSIS 

Diagnostic guidelines have been published by the Centers for Disease Control and 
Prevention (CDC) (93) and more recently by the Infectious Diseases Society of America 
(IDSA) (94). For a detailed discussion the reader is referred to these guidelines and to the 
Chapter on Diagnosis of Catheter-Related Infections. It is commonly recommended that 
two blood cultures be obtained, one from the CVC and one from a peripheral vein. Both 
cultures should yield the same organism, and an effort should be made to implicate the 
CVC as a source of infection, either by quantification of CVC and peripheral blood 
culture (cfu/ml blood) or by the recently introduced and more economical differential 
time-to-positivity method (95,96). These procedures are especially recommended when 
skin commensals such as CONS are implicated as causative agents of CVC-related 
bacteremia.Thus, in neutropenic children the same diagnostic approach as in adults can 
be used. However, in small premature infants, it is not always possible to meet these 
requirements because of the small blood volume, problems with access to a peripheral 
vein, etc. This has resulted in a continuous debate as to whether CONS isolated from the 
blood of neonates with signs of sepsis represent true bacteremia or contamination. 
Various studies have attempted to resolve this issue, by quantification of blood cultures 
(97,98), by evaluating time to positivity (98,99), or by comparing blood and skin isolates 
by molecular typing (41). The results of the latter study of Hammerberg et al., already 
referred to in the section on Epidemiology, provided evidence that CONS blood isolates 
from neonates are only rarely found on the infant’s skin, and therefore the authors 
concluded that in the vast majority of cases, neonatal CONS blood isolates represent true 
bacteremia rather than contamination. Although we concur with this latter conclusion, it 
will probably be impossible to resolve this issue of true bacteremia versus contamination 
satisfactorily for neonatal CONS blood isolates. For this reason we propose a more 
realistic approach by adapting the aforementioned guidelines for the premature neonate: 
A CVC-related septicemia is defined as a positive culture from both a CVC and a 
peripheral blood sample (if possible), yielding growth of the same organism within 24 to 
48 h in a patient with signs of sepsis, as specified in the section on Clinical 
Manifestations. The reason that we recommend using the 24- to 48-h interval for time-to-
blood culture positivity is because this was found to be a sensitive indicator for detecting 
neonatal CVC-related septicemia (98,99). 

MANAGEMENT 

Recently, the IDSA published guidelines for the management of intravascular catheter-
related infections, including a chapter on treatment of CRI in pediatric patients (94). It is 
specifically stated in this paper that “data to support most of the recommendations in 
these guidelines have been garnered from small clinical trials in which patients were not 
randomized, therapy was not blinded, and data analysis was limited. In fact, to date, there 
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have been no published reports of randomized, double-blind, clinical trials with regard to 
the clinical diagnosis or management of iv-catheter-related infections.” This is perhaps 
even more true for the pediatric situation. Although a number of recent studies have 
provided important information with respect to the management of catheter-related 
infections in neonates, particularly whether or not a catheter should be removed, all 
studies were retrospective and, no matter how important, their conclusions should be 
viewed with caution. 

Neonatal Intensive Care 

Coagulase-Negative Staphylococci 

The CONS are well-known for their propensity to develop resistance to antibiotics 
(72,80). Indeed, most NICUs report widespread resistance of CONS isolates to penicillin, 
methicillin, oxacillin, cephalosporins, and gentamicin (74,75). Despite this widespread, 
high degree of resistance, vanco-mycin resistance among CONS is still rare, and this is 
why this antibiotic is often recommended as the drug of choice for treating CONS 
infections in the NICU. The high degree of beta-lactam resistance undoubtedly correlates 
with the high mecA carriage of CONS blood isolates from the NICU, as we (100) and 
others (19,101,102) have detected, although the precise relation between mecA carriage, 
penicillin-binding protein (PBP) 2′ expression, and betalactam susceptibility in CONS is 
still not determined. Vancomycin resistance of CONS appears to be confined to some 
strains of S. haemolyticus (72,80). It should be mentioned, however, that already in 1991 
Herwaldt et al. (103) succeeded in generating vancomycin-resistant strains of both S. 
haemolyticus and S. epidermidis by serial passage in broth as well as on agar plates 
containing vancomycin. Decreased susceptibility to the other registered glycopeptide 
compound, teicoplanin, is more widespread than to vancomycin among CONS isolates, 
notably in S. epidermidis and S. haemolyticus (80). Glycopeptide resistance may be an 
emerging phenomenon in both CONS and S. aureus (104,105), and in 2002 the first fully 
vancomycin-resistant S. aureus (VRSA) clinical isolate was reported (106). This VRSA 
isolate contained the vanA resistance gene from enterococci, suggesting gene transfer 
between the two species, which is a rather worrisome phenomenon. In view of these 
alarming developments, it may be prudent and worthwhile to reconsider the 
recommendation to treat with vancomycin. Both we (100) and others (107) have 
documented that either cephalothin or ampicillin-sulbactam is effective in the treatment 
of CONS septicemia in the premature neonate. This is possibly explained by the more 
effective binding to PBP 2′ of first-generation cephalosporins and ampicillin, compared 
to methicillin/oxacillin (108,109). Another explanation may be suppression or lack of 
expression of methicillin resistance in vivo as a result of phase variation (110), despite 
widespread carriage of mecA by CONS clinical isolates. This latter notion is supported by 
a recent paper by Karlowicz et al., documenting in a retrospective analysis that a switch 
from vancomycin to oxacillin had no adverse effect on the outcome of CONS sepsis in 
the NICU (111). 

Although catheter removal is often advocated, in our experience and that of others, 
this is not necessary with CONS bacteremia (74–76,100,112), since most infections 
quickly respond to appropriate antibiotic therapy without removal of the catheter. In each 
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case it may be worthwhile to carefully consider whether a CVC is needed any longer, 
since early removal will improve response to therapy (110). A course of seven days of 
antibiotic therapy is considered adequate in most cases, although formal proof to 
substantiate this notion is lacking. If infection persists despite adequate antibiotic 
treatment, the existence of focal infection, particularly endocarditis, should be considered 
(113). This is a potentially dangerous condition usually associated with an umbilical 
catheter in the right atrium. It is probably one of the few types of CONS bacteremia in the 
newborn necessitating prompt removal of the catheter in addition to antibiotic therapy. 
The other type requiring removal of the catheter is persistent CONS bacteremia lasting 
>4 days without any focus other than the CVC, as was demonstrated by Karlowicz et al. 
in a retrospectively analyzed cohort study (112). However, in a small open study of 10 
neonates, the addition of rifampin to vancomycin also proved to be effective in clearing 
persistent CONS bacteremia in 90% of infants within 48 h, without removal of the 
catheter (114). 

Staphylococcus aureus 

Management of S. aureus CVC-related sepsis in a manner similar to that for CONS 
infections, i.e., antibiotic therapy without removal of the catheter, is a hazardous 
approach. We therefore recommend following an approach similar to that used for adults, 
in which catheter removal is required to prevent relapse and sepsis-related death (115). 
Thus, in the (premature) neonate with S. aureus CRI, it is prudent to also remove the 
catheter, which is particularly true in case of a CRI due to methicillin-resistant S. aureus 
(MRSA), as will be pointed out later. Antibiotic treatment should be continued for at least 
10 days even in uncomplicated cases (115). 

Some cases of S. aureus CVC-related sepsis in the neonate may follow a protracted 
course with severe complications, particularly a destructive arthritis of the hip. Removal 
of the catheter and a prolonged (6- to 8-week) course of intravenous antibiotics are 
required to combat such complicated infections. 

The regimen of antibiotic therapy, i.e., whether or not vancomycin should be the agent 
of choice, depends on the local susceptibility data. In the Scandinavian countries and in 
the Netherlands, most S. aureus are still oxacillin-sensitive, although MRSA may prevail 
in other countries (116). Epidemics with MRSA in NICUs have occurred in various 
countries, if only sporadically (117–124). A nationwide survey of the prevalence of 
MRSA (both colonization and infection) in children’s hospitals in the United States 
revealed that the presence of a pediatric ICU or NICU was not a risk factor for MRSA 
(125). Apparently, in pediatric hospitals in the United States, MRSA occurs just as likely 
in the ICU as in other departments. As with methicillin-susceptible S. aureus, MRSA 
infection in the neonate may disseminate, particularly to the bone (126). The latter report 
also found that an intravascular device was the most frequent port of entry of 
disseminated MRSA infection. Prompt treatment with vancomycin resulted in a good 
short-term response (95% cure rate) with minimal toxicity and no significant loss of 
function of the affected limb. 
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Gram-Negative Bacilli 

Apart from sporadic reports, there is little information on the course and management of 
CVC-related Gram-negative bacteremia in neonates and infants. For example, there are 
no controlled studies about the need for catheter removal. However, in view of findings 
in older children and adults (59,115), it seems advisable to do so. Findings from a recent 
retrospective cohort study corroborated this notion (127). 

Yeasts 

Removal of the catheter is considered to be essential for optimal management of CRIs 
due to yeasts; whether antifungal agents are needed depends on the isolate. Patients with 
a CRI due to lipophilic yeast M. furfur promptly recover upon removal of the catheter. 
Antifungal therapy without removal of the catheter appears to be more problematic (85). 
Therefore, prompt removal of the catheter is recommended as the treatment of choice for 
CVC-related M. furfur fungemia in infants. 

Antifungal treatment and removal of the catheter is considered to be absolutely 
required for adequate management of CVC-related candidemia in the premature neonate. 
As already mentioned, with prompt and adequate treatment, the mortality rate of CVC-
related candidemia is probably 10 to 20%. Even in earlier reports (90,91) it was noted 
that, despite an overall mortality rate of 50%, rapid initiation of treatment with 
amphotericin B and 5-flucytosine resulted in a much better outcome than when there was 
a delay in diagnosis and initiation of therapy. More recent studies (35,36,128,129) 
demonstrate that treatment with amphotericin B with or without 5-flucytosine and with 
concurrent removal of the catheter is efficacious in 80 to 90% of cases. In all reports it is 
emphasized that removal of the catheter is absolutely required to ensure effective 
management of neonatal CVC-related candide-mia, a recommendation strongly 
supported by a recent paper (130). This retrospective study found that failure to remove 
the CVC within three days after diagnosis of candidemia resulted in a significantly 
increased mortality (39% vs. zero in neonates with removal of the CVC within three 
days). On the other hand, a recent evidence-based review failed to find objective data to 
substantiate this consensus recommendation (131). 

Of the newer antimycotic agents, fluconazole and itraconazole, the former has been 
evaluated in the treatment of neonatal candidiasis with promising results (132,133). 
Fluconazole has attractive pharmacokinetic properties in the neonate (134) and proven 
efficacy in Candida infections in older children. One of the aforementioned studies 
showed fluconazole to be equally as effective as amphotericin B in the treatment of 
neonatal fungal septicemia (132). Because of its more convenient use and much lower 
toxicity than amphotericin B, it appears, therefore, the agent of choice for treating 
invasive neonatal Candida infections including CVC-related candidemia. Finally, two 
new antifugal agents, voriconazole and the echinocandin caspofungin, are promising new 
drugs for the treatment of mycoses, including Candida and Aspergillus infections, but 
data on safety and clinical efficacy in infants and children are not yet available. 
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Hematology/Oncology 

Although removal of a foreign device is still the most effective way of treating a device-
related infection, this is no longer considered to be necessary in the management of CRIs 
in children with cancer, particularly in the case of infection with CONS. Numerous 
studies have clearly demonstrated that antibiotic treatment without removal of the 
catheter is highly successful in CVC-related CONS bacteremia in children with cancer, 
resulting in eradication rates of more than 90% (Table 4). Treatment is usually started 
empirically with parenteral antibiotics and continued for 10 to 14 days, depending on the 
patient’s response. However, as mentioned earlier, optimal duration of therapy has not 
been determined (94). Apart from clinical signs, laboratory parameters such as CRP may 
be useful in determining the duration of therapy. Continuation of treatment beyond two 
weeks may be indicated when there is a slow but definite response or when fever and 
neutropenia persist (55). It should be remembered that CVCs are often a real “lifeline” in 
these pediatric cancer patients, and sacrificing a CVC may be a much less attractive 
option than extending the antibiotic treatment course. The optimal choice of empirical 
antibiotic therapy should be guided by the predominant isolates in a particular setting. As 
pointed out in the preceding section, these are usually CONS, many of which are 
oxacillin- (methicillin-) resistant. Therefore, vancomycin is considered to be the 
antibiotic of choice for empiric treatment of CRIs in neutropenic children. This choice is 
further supported by the excellent results that have been obtained with this drug in the 
treatment of CVC-related  

Table 4 Central Venous Catheter-Related Infection 
in Neutropenic Children: Response to Antibiotic 
Therapy Without Catheter Removala 

  Cure (%) 

Study Local infection Bacteremia 

Darbyshire et al. (77) —b 38 (mult. isolates) 

    88 (single isolates) 

    72 (total) 

Johnson et al. (78) 71 83 

Hartman and Shochat (80) — 93 

Viscoli et al. (81) 0 (tunnel) 71 

Van Hoff et al. (82) 14 68 

Rizzari et al. (83) 0 (tunnel) 90 

Uderzo et al. (84) — 72c 

Rikkonen et al. (85) — 78 

Das et al. (56)   71d 

Ertem et al.(57) 100 (exit site) 79 
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  0 (tunnel)   

Stamou et al. (58) 82 63 
a Data compiled from eleven studies, 1985–1999 (Refs. 56–59, 77, 78, and 80–85). 
b —=not stated. 
c Response not specified separately for local and bacteremic infection. 
d Only septicemia cases included in study. 

bacteremias. Trials comparing the efficacy of vancomycin to other potentially active 
drugs are lacking, however, in pediatric cancer patients. 

When Gram-negative bacilli are suspected, treatment should include an 
antipseudomonal beta-lactam agent such as ceftazidime or piperacillin. However, current 
data indicate that Gram-negative CVC-related bacteremias, especially when due to 
Pseudomonas, are less succesfully treated with antibiotics alone—i.e., without removal of 
the catheter (135). Similar considerations apply to CVC-related bacteremia due to more 
unusual pathogens, notably Bacillus spp. (86), M. chelonae and M. fortuitum (87), and 
CVC-related candidemia (128–130). In these cases, catheter removal appears necessary 
to succesfully treat CVC-related bloodstream infections. If S. aureus has been identified 
as the causative pathogen, one should be more cautious about leaving the CVC in place, 
although definite data are unavailable (94,115). In relation to this consensus 
recommendation, it is interesting to note that in a recent study Rubin et al. (136) 
documented that, in pediatric hematology-oncology patients, implanted port-associated 
staphylococcal bacteremias, including a small number of S. aureus bacteremias, could be 
cured safely by antibiotics alone, without removal of the port. Nevertheless, removal of a 
catheter or port must be the primary option with S. aureus device-related bacteremia. 

In the recent U.S. guidelines (94), the antibiotic-lock technique is discussed as an 
alternative or additional treatment method to salvage difficult-to-replace tunneled CVCs. 
Initial uncontrolled studies in children have yielded favorable results (137,138), but 
prospective, randomized trials are needed to ascertain whether antibiotic-lock technique 
is a valuable adjunct or alternative to systemic treatment. 

Finally, catheter removal seems to be the only effective treatment in 70 to 75% of 
tunnel infections. However, exit-site infections rarely necessitate catheter removal and 
can be treated by antibiotics alone in up to 80% of cases (48,135), with the exception of 
exit-site and tunnel infections due to M. chelonae and M. fortuitum, which require 
surgical excision of the exit site or tunnel tract and surrounding tissues in addition to 
removal of the catheter (87). 

PREVENTION 

Recently, revised guidelines for the prevention of catheter-related infections were issued, 
developed by a working group from the Society of Critical Care Medicine in 
collaboration with many other professional organizations, among these the IDSA and the 
CDC (139). In this document, recommendations for the placement and care of 
intravascular catheters in adults and children are specified, with indications of the 
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strength of the recommendations. Important issues that cannot be overemphasized are the 
education of personnel, the value of specialized “IV teams,” and proper hygiene during 
insertion and maintenance of catheters. This not only is true for NIs due to Gram-
negative bacilli, but also has become a key issue in prevention of CONS infections, since 
molecular epidemiologic studies have revealed that medical personnel play an important 
role in the persistence and spread of isolates capable of causing NIs. Therefore, 
comments in the present section will be restricted to specific issues in infants and 
children. For more complete and detailed information, the reader is referred to the 
aforementioned document. 

Neonatal Intensive Care 

Because of the extensive morbidity and considerable associated costs, measures to 
prevent CVC-related bacteremia are obviously important and urgently needed, as 
emphasized in large NICU surveys on nosocomial, lateonset bacteremia in the premature 
neonate (25–28). In the present section on neonatal intensive care, we will focus on 
umbilical catheters, catheter care, and prophylaxis with antibiotics and antibodies. 

Umbilical Catheters 

There are few data on the prevalence of infection of umbilical catheters (summarized in 
Ref. 139), but these data indicate that umbilical catheter-related bacteremia occurs in 5% 
(umbilical artery catheters) and 3 to 8% (umbilical vein catheters) of cases. These rates 
are lower than for CVC-related bacteremia rates in the NICU in general, which vary from 
11 to 32% (25,28). This seems to indicate that umbilical catheters are less prone to 
bacteremia than nonumbilical catheters, which is in agreement with our own observation 
that umbilical catheter-related bacteremia is relatively rare. However, this relatively low 
rate of bacteremia is more likely due to the common policy of removing umbilical 
catheters within the first week of life. Therefore, we concur with the recommendation to 
restrict the use of umbilical catheters as much as possible and to remove them preferably 
within five days (umbilical artery) to two weeks (umbilical vein) (139), although in our 
own institution umbilical catheters are by protocol removed within one week. 

Catheter Care 

There is very little evidence-based information on catheter care in neonates. One 
randomized, controlled trial in neonates evaluating the efficacy of a chlorhexidine-
impregnated sponge for the prevention of catheter tip colonization and CVC-related 
bacteremia concluded that the sponge was more efficacious than alcohol disinfectant in 
preventing catheter tip colonization, but CVC bacteremia rates did not differ between the 
two groups (140). 

Antibiotic Prophylaxis 

There have been two reports of prospective randomized trials of long-term vancomycin 
prophylaxis in premature neonates that were accompanied by a critical commentary 
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(141–143). Although the trials were successful in preventing CONS bacteremia in this 
patient group, both in the reports and in the editorial comment, concern was expressed 
that widespread implementation of this kind of prophylaxis might induce development of 
vancomycin resistance among CONS and S. aureus (106). However, vancomycin 
resistance among CONS was detected in neither of the two studies. Despite this lack of 
resistance development, we concur with the recommendation that this approach should 
not be followed on a large scale until better data on the emergence of vancomycin-
resistant staphylococci are available (144). In addition, such a policy of prudent 
vancomycin use is in agreement with recommendations to prevent the spread of 
vancomycin resistance among enterococci and staphylococci issued by the CDC (145). 
Therefore, alternative strategies should be explored before embarking on large-scale 
vancomycin prophylaxis. 

Prophylaxls with Antibodies 

An alternative approach to prevent CONS bacteremia in the premature newborn may be 
to boost antibacterial defenses. Considering the deficient host defenses against CONS 
found in this population, particularly the low level of antibacterial IgG, which may, in 
addition, be opsonically deficient (6), prophylaxis with intravenous immunoglobulin 
(IVIG) is an apparently logical approach. Hill summarized in a recent review (146) the 
data of 10 studies of IVIG prophylaxis in the neonatal ICU. He concluded that 
“prophylactic administration of IVIG to human neonates may never be shown to alter the 
overall instance of nosocomial infections, especially if catheter- and procedure-related 
infections are included.” A short while after publication of this review, the results of a 
large multicenter trial on prophylaxis of nosocomial infections in the NICU were 
reported, essentially confirming the conclusions of Hill (147). Hill added that this lack of 
efficacy of IVIG is probably explained by the fact that antibody alone may not play a 
major role against infections associated with indwelling devices. This notion is, however, 
not supported by our experimental findings in a study of the opsonic requirements of 
surface-adherent CONS which showed that IgG sufficed as an opsonin for efficient 
uptake by neutrophils (12). Moreover, lack of efficacy of IVIG against CONS bacteremia 
might be explained by variations in the opsonic titer to CONS between IVIG lots, as was 
demonstrated by Fischer et al. in an animal model (148). Those IVIG lots with high 
opsonic activity promoted bacterial clearance and enhanced survival in this suckling rat 
model. It is feasible, therefore, that specific (monoclonal) antibodies with a high and 
broad-spectrum activity to CONS might provide a valuable contribution in the prevention 
of CVC-related CONS bacteremia in the future. Data on the safety and pharmacokinetics 
of a candidate monoclonal antibody directed to CONS in neonates were recently 
presented (149), and efficacy studies are planned for the near future. 

Antimicrobial-Coated Catheters 

There have been successful trials with antibiotic- and disinfectant-coated catheters in 
adults (150,151), but data for infants and children are not yet available. 
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Hematology/Oncology 

Infection is a significant cause of morbidity and mortality in children with cancer and, 
because a CVC is an important risk factor in this regard, prevention is, as in neonatology, 
a major goal. As already mentioned in the neonatal section, an approach successfully 
used in adults, i.e., antibiotic- or disinfectant-coated catheters, has not yet resulted in 
studies in infants and children. As a consequence, data in children are still lacking, but 
they are eagerly awaited (152). In addition, data are awaited on the development of 
resistance to the antimicrobial agents used for coating. 

Second, apart from the type of material of the device, the way in which the device is 
inserted may influence infection rates. As mentioned in the preceding section, totally 
implanted devices, i.e., without skin exit site, such as Port-a-Caths, may have lower 
infection rates than Hickman-Broviac type CVCs (55,63). Overall, tunneled catheters are 
less prone to catheter infection than nontunneled CVCs. 

Third, prevention may be accomplished by administration of antibiotics during CVC 
placement, by antibiotic flushing, or by long-term administration of vancomycin. 
Although the latter regimen proved to be effective in preventing CVC-related CONS 
bacteremia in newborns (141,142), the results in pediatric cancer patients both with short-
term prophylaxis protocols and with antibiotic flushing were not as unequivocal as the 
long-term administration of vancomycin in the neonate (153–156). Thus, antibiotic 
prophylaxis during catheter insertion or antibiotic flushing cannot be recommended at 
present in pediatric oncology patients. 

Two studies, one of which was performed in children (137,138), reported that the 
antibiotic-lock technique was effective in treating this type of CVC-related sepsis. A 
recent prospective trial showed that the antibiotic-lock technique was also effective in 
preventing CVC-related bacteremia, thus supporting the results of the earlier, 
uncontrolled studies (157). Although obviously successful, we do not advocate this 
approach on a regular basis in all patients with long-term venous access, for objections 
similar to those mentioned for long-term vancomycin prophylaxis in neonates in the 
preceding section, i.e., the potential threat for emergence and dissemination of 
vancomycin resistance or resistance to other antibiotics prophylactically used. 

CONCLUSIONS 

Central venous catheters are an integral part of modern medicine, especially in the care of 
ICU and oncological patients. This is true for both children and adults, although 
incidence rates of catheter-related infection in infants and schildren tend to be higher than 
in adults. In pediatrics, the highest incidence of CRI is observed in hospitalized 
premature newborns and neutropenic children. Coagulase-negative staphylococci are the 
predominant pathogens in both patient groups. Considering the fact that CVCs are 
invaluable tools in the treatment of many patient categories, the main thrust of future 
studies should be to minimize the rate of infection. Although vancomycin prophylaxis 
seemed to be effective in both neonates and neutropenic children, the general consensus 
is that it should not be considered as a general measure to prevent CRI. The threat of 
vancomycin resistance among CONS is sufficiently frightening to preclude this solution. 
Prophylaxis with IVIG in the premature neonate does not seem to be effective. 
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There are now ample data to conclude that CRI due to CONS can be treated by 
antibiotics alone, with a few exceptions. Treatment of a CRI due to S. aureus, Gram-
negative bacteria, Bacillus species, M. fortuitum, M. chelonae, Candida spp., and M. 
furfur requires removal of the catheter. 

There is a continuous emergence of “new” pathogens associated with CRI (158,159), 
which is especially true for the immunocompromised host, that confronts the physician 
constantly with new treatment problems. These uncertainties and problems in 
management strongly emphasize the need for effective prevention, which has become an 
issue of major importance. A new approach for further improvements in hygienic care of 
catheters is the development of anti-infective biomaterials, which in a number of trials 
have proven their efficacy. There continue to be interesting developments in this field, 
pioneered by Jansen et al. (158) and Sherertz et al. (65,66). These and other issues on 
prevention will be discussed in more detail in the chapter on prevention and control of 
catheter-related infections. 
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INTRODUCTION 

Urinary tract infection (UTI) is the most frequently reported nosocomial infection, 
accounting for up to 40% of infections. The vast majority of these infections are 
associated with urinary catheters. Urinary catheters are widely used in health care today, 
especially in the intensive care unit (ICU) setting, in long-term care facilities, and in 
patients with spinal cord injury. Indwelling urinary catheters are similar to other 
catheters, such as intravascular catheters, in that they disrupt the normal host immune 
mechanisms and allow for the formation of biofilm. Urinary catheters, however, are 
unique in the frequency of bacterial colonization, the etiologic organisms, and the types 
of components that make up their biofilm. These factors have important implications for 
treatment and prevention of UTI in the catheterized patient. 

PATHOGENESIS 

The normal urinary tract has a number of defense mechanisms that prevent attachment of 
potential pathogens to the uroepithelium (1–6). These mechanisms include length of the 
urethra, micturation, and urine flow, which effectively clears bacteria from the bladder. 
Urine osmolality, pH, and organic acids inhibit growth of most microorganisms. 
Antibacterial properties of urinary tract mucosa and urinary inhibitors of bacterial 
adhesion (i.e., Tamm-Horsfall proteins and bladder mucopolysaccharides) prevent 
attachment of pathogens (3,5,6). The use of a urinary catheter can interfere with these 
normal defenses, allowing colonization and attachment of microorganisms (1,2,4–6). 

Most catheter-associated UTIs are caused by organisms entering the bladder through 
an ascending route. Rarely, hematogenously spread organisms, such as Staphylococcus 



aureus, may cause upper tract infection (7,8). Organisms ascend into the bladder in one 
of two ways. First, organisms may enter through an extraluminal route via direct 
inoculation early or through migration in the mucous film surrounding the external aspect 
of the catheter. Organisms entering through this route are primarily endogenous 
organisms, originating from the rectum and colonizing the patient’s perineum (4,9–11). 
This is the route that most organisms enter the bladder; approximately 70% of episodes of 
bacteriuria in women involved the extraluminal route (9). The second mechanism of 
entry into the bladder is via intraluminal reflux or migration. This occurs when organisms 
gain access to the internal lumen of the catheter through failure of a closed drainage 
system or contamination of the collection bag (4,11,12). Most of these organisms are 
from exogenous sources and often are the result of cross-transmission of organisms 
introduced via the hands of health care personnel (5,11,12). 

In a recent prospective study designed to determine the probable route that 
microorganisms used to gain access to the catheterized bladder, Tambyah and colleagues 
performed serial paired quantitative cultures of the specimen port and the collection bag. 
The probable mechanism of infection could be determined for 173 catheter-related UTIs. 
Of these, 115 (66%) were acquired through extraluminal migration of organisms 
ascending from the perineum in the mucous along the external surface of the catheter. A 
smaller proportion of infections (34%) were acquired from intraluminal contamination of 
the collection system (11). 

While most UTIs with Enterobacteriaceae are thought to be from an endogenous 
source, recent epidemiologic studies suggest that clonal spread of a virulent, antibiotic-
resistant strain may have occurred in the community setting (13). Virulence factors 
associated with Escherichia coli in patients with acute, uncomplicated, community-
acquired UTI have not been associated with catheter-related UTI (1,13,14). However, 
microorganisms causing nosocomial UTI are easily transmitted from one patient to 
another in an institution. About 15% of episodes of nosocomial bacteriuria occur in 
clusters, and they often involve highly antibiotic-resistant organisms (4,12,15–18). Most 
hospital-based outbreak investigations indicate that lack of proper hand-washing by 
health care personnel is largely responsible for the transmission of these organisms (19). 
Despite these occasional epidemics, however, most cases of nosocomial UTI reflect 
endemic acquisition. 

Once inserted, urinary catheters readily acquire biofilms on their inner and outer 
surfaces (12,20–23). Adhesion of microorganisms to catheter materials is dependent on 
the hydrophobicity of organisms and catheter surface; catheters with both hydrophobic 
and hydrophilic regions allow for colonization with the widest variety of organisms (21). 
Once microorganisms attach and multiply, the resultant sheet of organisms secretes an 
extracellular matrix of bacterial glycocalyces, embedding the microorganisms 
(4,5,21,22). Organisms in the biofilm grow slower than planktonic bacteria which grow 
within the urine itself, probably because of limited nutrients or oxygen (21,23). Even so, 
microorganisms located within the biofilm may ascend the inner surface of the catheter in 
1 to 3 days (21,22). This rate may be affected by the presence of swarming organisms, 
such as Proteus mirabilis (24). 

Urinary catheter biofilms are unique in that some organisms in the biofilm, such as 
Proteus spp., Pseudomonas aeruginosa, Klebsiella pneumoniae, and Providencia spp., 
have the ability to hydrolyze urea in the urine to free ammonia. This increases the local 
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pH and allows precipitation of minerals such as hydroxyapetite or struvite (25). These 
minerals may then deposit in the catheter biofilm causing mineral encrustations 
(21,22,26). Encrustations are seen typically on the inner surface of the catheter and can 
build to completely block catheter flow (21,22,25). 

The presence of urinary catheter biofilms has important implications for prevention 
and treatment of catheter-related UTIs. Since the glycocalyx matrix may inhibit activity 
of antimicrobials, the question of whether long-term urinary catheters should be replaced 
during treatment of bacteriuria has been raised. From a prevention standpoint, the need to 
develop catheters with materials that prevent microorganism attachment and biofilm 
ascent is paramount. Until such catheters are widely used, it is probably prudent to 
replace catheters in patients suspected of having symptomatic catheter-related urinary 
tract infection. 

EPIDEMIOLOGY 

Prevalence of Urinary Catheters 

Up to 25% of patients have a urinary catheter placed at some time during their hospital 
stay (27,28). In one hospital, prevalence surveys performed between 1985 and 1999 
revealed a significantly increased utilization of urinary catheters from 9% to 16% (29). 
The use of urinary catheters is highest in the ICU setting. Data from the National 
Nosocomial Infection Surveillance (NNIS) System between January 1992 and April 2000 
reveal urinary catheter utilization in participating ICUs ranging from 0.32 to 0.88 urinary 
catheter-days/patient-days. Utilization was highest in cardiothoracic, trauma, and surgical 
ICUs, 0.88, 0.87, and 0.85 catheter-days/patient-days, respectively, and lowest in 
pediatric ICUs, 0.32 catheter-days/patient-days (30,31). Urinary catheter use approaches 
100% in patients with the highest acuity in surgical ICUs (32). The duration of 
catheterization varies with hospital ward and patient population, but the mean and median 
durations in acute care hospitals are 2 and 4 days, respectively. Catheters are removed 
within 7 days in 70% of patients (33). 

Several studies highlight the fact that urinary catheters are overutilized, and 
documentation surrounding catheterization is poor (27,34–39). In recent prospective 
studies of catheterized patients, the decision for catheterization was judged to be 
inappropriate 21 to 50% of the time (27,34,36,38,39). Furthermore, a written order or 
procedure note is often not documented in the medical record (36,37). In one study at 
three institutions, 28% of health care providers were unaware that their patient had an 
indwelling urinary catheter. The level of unawareness increased with the level of training; 
21% of medical students, 22% of interns, 28% of residents, and 38% of attending 
physicians were unaware of catheters in their patients (27). Unawareness was correlated 
with inappropriate catheter use (27). 

Incidence of Catheter-Related Urinary Tract Infection 

Historically, UTIs have accounted for up to 40% of nosocomial infections (28,40), but 
account for a smaller proportion of nosocomial infections occurring in the ICU setting. 
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Specfically, UTIs account for 15 to 21% of nosocomial infections in pediatric ICU 
patients, 23% of nosocomial infections in adult ICU patients in the United States, and 
18% of ICU infections in the European EPIC study (31,41–43). Urinary catheters account 
for the vast majority of nosocomial UTI; up to 97% of UTIs in ICUs are associated with 
urinary catheters (43,44). 

The overall incidence of bacteriuria in patients with an indwelling urinary catheter in 
place for 2 to 10 days is 26%, with an average daily risk of 3–10% per day (45–49). At 
this rate, after a month, nearly all catheterized patients will be bacteriuric, making this the 
dividing line between short- and long-term catheterization (6,50). 

Rates of catheter-related UTIs reported through the NNIS System between January 
1995 and April 2000 ranged from 3.1 infections/1000 catheter-days in cardiothoracic 
ICUs to 10.2 infections/1000 catheter-days in burn ICUs (30). Even within the ICU 
setting, some patient populations have a higher rate of infection; adult patients on 
extracorporeal membrane oxygenation had a much higher rate of UTI than other surgical 
ICU patients (13.8 infections/1000 catheter-days vs. 5.6 infections/1000 catheter-days) 
(32). The rate of UTI in pediatric ICUs was 5.9 infections/1000 catheter-days, lower than 
the rate seen in an equivalent adult medical-surgical ICU population of 9.5 
infections/1000 catheter-days (31,43). Nosocomial UTI is an infrequent complication in 
neonatal ICUs (51,52). 

Risk Factors for Bacteriuria 

In several prospective studies, risk factors for catheter-related bacteriuria have been 
evaluated. The most important and consistent risk factor for bacteriuria is the duration of 
catheterization [odds ratio (OR)=2.3–22.4, depending on duration] (53–58). Females 
have a substantially higher risk of bacteriuria than males [relative risk (RR)=1.7–3.7] 
(53,55,56,58,59). Since systemic antibiotics have a protective effect on bacteriuria, the 
lack of systemic antimicrobials significantly increases the risk of bacteriuria (RR=2.0–
3.9) (53– 56,58,59). Catheter care violations have also been associated with increased 
risk of bacteriuria (12,53,55). Other risk factors identified in one or more studies include: 
rapidly fatal underlying illness (RR=2.5) (53); age >50 years (RR=2) (53,56); nonsurgical 
disease (RR=2.2) (53); hospitalization on an orthopedic (RR=51) or urology service 
(RR=4) (57); catheter insertion after the sixth day of hospitalization (RR=8.6) (57); 
catheter inserted outside the operating room (RR=5.3) (55); diabetesmellitus (OR= 2.3) 
(55); and serum creatinine greater than 2 mg/dL at the time of catheterization (OR=2.1) 
(55). Heavy periurethral colonization with bacteria has also been associated with 
increased risk of bacteriuria (60). A summary of significant risk factors for catheter-
related bacteriuria is shown in Table 1. 
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Table 1 Risk Factors Associated with Development 
of Catheter-Associated Bacteriuria 

Risk factor References 

Increasing duration of catheterization 54–58 

Not receiving systemic antibiotic therapy 53–59 

Female sex 53, 55, 56, 58, 59 

Diabetes mellitus 55 

Older age 53, 56 

Rapidly fatal underlying illness 53 

Nonsurgical disease 53 

Faulty aseptic management of the indwelling catheter 53 

Bacterial colonization of drainage bag 55 

Azotemia (serum creatinine concentration greater than 2.0 mg/dL) 55, 59 

Catheter not connected to a urine meter 55 

Periurethral colonization with uropathogens 60 

Risk Factors for Bacteremia 

Risk factors for UTI-related bacteremia are less clearly defined than for catheter-related 
bacteriuria. Because fewer than 4% of patients with catheter-related bacteriuria develop 
catheter-related bacteremia (61–63), detecting independent risk factors for bacteremia is 
difficult. Nevertheless, attempts have been made to identify risk factors for bacteremia. 
During a 23-month prospective study by Krieger et al., 1233 patients with nosocomial 
UTI were identified. Nosocomial bloodstream infections from a urinary tract origin were 
found in 32 patients (2.6%). Univariate analysis identified risk factors for secondary 
nosocomial bloodstream infections as UTI due to Serratia marcescens, compared with 
other organisms (RR=3.5), and male sex (RR =2.0) (62). No other factors (e.g., age, race, 
underlying disease, hospital service) were found to significantly predispose a bacteriuric 
patient to bacteremia (62). Of note is the perplexing finding that women are at greater 
risk for bacteriuria while men are at greater risk for bacteremia from a urinary source. 

Attributable Morbidity, Mortality, Cost of Catheter-Related UTI 

The estimated excess duration of hospitalization due to nosocomial UTI is 1 to 4 days, 
with an estimated average cost of infection between $558 and $676 (64,65). In a 
retrospective study of adult acute care hospitals in the United States, Haley and 
colleagues estimated that nosocomial UTI occurred at a rate of 2.39 per 100 admissions, 
prolonged hospitalization of 1 day, and cost $593 (40,66). In another study, nosocomial 
UTI resulted in an average increase in length of stay of 2.4 days, and an associated cost 
of $558 (67). More recent data suggest that each episode of bacteriuria is expected to cost 
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an additional $676, and urinary catheter-related bacteremia increases costs by as much as 
$2836 per episode (65). 

In prospective studies of patients with catheter-related nosocomial UTI, a mortality 
rate of 14–19% was found in infected patients. Infected patients were nearly three times 
more likely to die during hospitalization than patients without such an infection, even 
after a multivariate analysis excluded 20 other variables (68,69). The attributable case-
fatality rate from UTI-related nosocomial bacteremia is approximately 12.7% (61), with 
severely ill patients at highest risk. The presence of a urinary catheter was independently 
associated with an increased risk of death in an elderly population residing in nursing 
homes (70). 

Special Issues 

Spinal Cord Injury 

Due to disturbances in the urinary system that commonly affect individuals with spinal 
cord injury, urinary catheterization of some type is frequently used in this population. 
Until the mid-1970s, renal failure and UTI were the most frequent causes of death among 
those with injured spinal cords (71–73). Given the high prevalence of urinary 
catheterization, it is not surprising that UTI remains the most frequent medical 
complication during acute rehabilitation following spinal cord injury (74); 22% of 
patients with acute spinal cord injury have clinical UTI within a period of 50 days 
(71,75). Recently, Shekelle and colleagues reviewed risk factors for UTI in adults with 
spinal cord dysfunction (76). Their main finding was that persons using intermittent 
catheterization had fewer infections than individuals using indwelling catheterization 
(76). 

Urinary tract infection remains the fifth most common primary or secondary cause of 
death in individuals with spinal cord dysfunction, and individuals with spinal cord injury 
are 82 times more likely to die of septicemia compared with the general population (72). 
In addition, bacteriuria due to the long-term use of urinary collection devices remains an 
important source of antimicrobial resistance; 33% of Gram-negative urinary isolates from 
persons with spinal cord injury had resistance to two or more classes of drugs (77). 

Long-Term Care Facilities 

Urinary incontinence affects 20–30% of older adults living in the community, and is one 
of the leading factors in the decision to place family members in a long-term care facility 
(78). This condition is more frequent in those living in long-term care facilities, where 
35–50% of residents are incontinent of urine (79–81). The daily prevalence of urethral 
catheter use by 4259 aged residents of 53 long-term care facilities in Maryland was 7.5% 
(79). This number has been used to estimate that 99,000 patients in long-term care 
facilities nationally have indwelling urethral catheters (79). In a review of the Maryland 
patients (82), 10% of women and 15% of men used a urine collection device of some 
kind. Among bedfast patients, 47% of the women and 58% of the men used such devices. 
Among women using a urinary collection system, 93% were using urethral catheters. 
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Among men using some kind of device, 43% used urethral catheters, 39% used condom 
catheters, and 15% used suprapubic catheters (82). 

UTI is the most common infection seen in long-term care facilities, with prevalence 
rates of 15–50% (83–85). The incidence of bacteriuria is 3–10% per day, which is similar 
to the rate seen in short-term catheterization (50). UTI is the most comnlon source of 
bacteremia in long-term care, accounting for up to 55% of cases (86, 87). The presence of 
a urethral catheter increases the risk of bacteremia 60-fold (86). It is estimated that the 
urinary tract is the source of two-thirds of febrile episodes seen in residents of long-term 
care facilities (88). Residents of nursing homes that receive long-term indwelling 
catheterization are three times more likely to die within a year compared to similar 
patients without catheters (70). 

MICROBIOLOGY 

The microbial etiology of catheter-related UTI has changed over the past few decades, 
and varies between ward types (Table 2) (31,43,89,90). The most common pathogens 
associated with hospital-wide catheter-related UTI are the Enterobacteriaceae, including 
E. coli, Klebsiella spp., and Enterobacter spp. Other significant pathogens, which are 
more common in the ICU setting, include P. aeruginosa, enterococci, and Candida spp. 
European hospitals report a similar spectrum of bacteria associated with nosocomial UTI, 
except for Pseudomonas spp. which were isolated in only 7% of urine cultures (91). The 
prevalence of enterocococci as a cause of nosocomial UTI increased between 1975 and 
1984 (92). Enterococci have remained a significant pathogen, especially with the 
emergence and spread of vancomycin-resistant enterococci (43,93–95). In one 
rehabilitation facility, enterococcal species accounted for 35% of urinary tract isolates 
(93). During DNA analysis, no single clone of enterococcus was identified, suggesting 
that in this setting, enterococci in the urine are primarily acquired from endogenous 
sources (93). This supports previous studies suggesting that enterococcal UTIs were 
endogenous infections from the patient’s fecal flora (10). 

Candida spp. are another emerging urinary pathogen, especially in the ICU where 
25% of UTIs are associated with Candida spp. (31,43,96). Risk factors for candiduria 
include prolonged catheterization and use of broad-spectrum antimicrobials (97,98). Most 
Candida UTIs are asymptomatic, but fungus balls of the bladder or kidney, renal 
abscesses, or disseminated candidiasis may occasionally occur (99,100). Candidemia 
occurs most frequently in the setting of urinary tract abnormalities or procedures (99). 

Coagulase-positive staphylococci (CPS) are an infrequent cause of catheter-related UTI 
(8,31,43). Coagulase-positive staphylococci are frequently found in the urine in 
association with CPS bacteremia or endocar- ditis; 27% of CPS bacteremia was 
associated with bacteriuria (8,31,43). Coagulase-negative staphylococci are rarely 
associated with urinary catheter infections (101). Anaerobic bacteria have been isolated 
in polymicrobial infections in urine from patients with long-term catheters, but are not 
found through routine urine cultures (102). 
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Table 2 Percentage of Major Pathogens Associated 
with Catheter-Related Urinary Tract Infections 
Reported Through National Nosocomial 
Surveillance System 

Microorganism Hospital-wide 
10/1986–
12/1990 

All ICUs 
1/1992–
5/1999 

Medical-surgical 
ICUs 1992–1998

Pediatric ICUs 
1992–1997 

Escherichia coli, % 26.0 17.5 18.5 19.0 

Candida spp., % 9.0 15.8 24.8 21.1 

Enterococci, % 16.0 13.8 14.3 10.0 

Pseudomonas 
aeruginosa, % 

12.0 11.0 10.3 13.1 

Klebsiella 
pneumoniae, % 

6.4 6.2 5.2 7.3 

Enterobacter spp., % — 5.1 4.0 10.3 

Source: Refs. 43, 89, 90, and 90a. 
While 80% of infections associated with short-term indwelling urinary catheters are 

due to single organisms, infections in long-term catheters are frequently polymicrobial 
(4,5,50). UTI in long-term catheters are associated with two or more organisms in 77–
95% of cases, and 10% have more than five species of organisms present (6,50). Certain 
strains of organisms, such as Providencia stuartii, Pseudomonas spp., enterococci, or 
Proteus spp. persist in the urinary tract for 4–10 weeks once present, while other 
organisms appear to spontaneously cycle in and out (4,50). 

CLINICAL MANIFESTATIONS AND COMPLICATIONS 

Catheter-associated UTIs may present in a spectrum from completely asymptomatic 
bacteriuria to overwhelming urosepsis associated with death (35,49,63,88). Symptoms of 
UTI include local symptoms of lower abdominal pain or discomfort or flank pain, or 
systemic symptoms such as nausea, vomiting, or fever (65). Only 10−32% of catheterized 
patients with bacteriuria develop symptoms referable to the urinary tract (35,49,63,65). In 
a recent study of 235 cases of nosocomial catheter-related bacteriuria, approximately 
90% of infections were asymptomatic (63). There were no significant differences 
between patients with and without infection with respect to fever, dysuria, urgency, flank 
pain, or leukocytosis. Patients with bacteriuria who die may have autopsy findings of 
acute pyelonephritis, renal calculi, or perinephric abscesses (6,61,88,103). 

Bacteremia is an important complication of catheter-related UTI. The urinary tract is 
the source of infection in 11 to 40% of nosocomial bacteremia (104–106). However, in 
prospective studies of nosocomial bacteriuria, secondary bacteremia occurs only 
infrequently; 0.4–3.9% of patients with nosocomial UTI have associated bacteremia 
(49,61–63,68). Bacteremia is less likely to occur with asymptomatic bacteriuria and is 
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more likely to be associated with major underlying disease and comorbidities (63). 
Transient bacteremia may also occur following routine replacement of long-term urinary 
catheters. One study found that out of 120 catheter changes, five patients (4.2%) 
developed bacteremia (107). 

Long-term catheterization may be associated with other complications, including 
catheter obstruction, urinary tract stones, and chronic renal inflammation (6,108). 
Encrustations on the surface of indwelling catheters may act as a nidus for formation of 
renal calculi (25,108,109). Occasionally, knots may complicate suprapubic or urethral 
catheters (110,111). Purple urine bag syndrome is an uncommon complication of 
chronically catheterized patients, which is due to an altered metabolism of tryptophan in 
the presence of P. stuartii, K. pneumoniae, or Enterobacter agglomerans (112). Finally, 
an under-appreciated complication of urinary catheterization is physical restraint of the 
patient, with substantial limitation of ability to function freely and with dignity (113). 

DIAGNOSIS OF CATHETER-RELATED URINARY TRACT 
INFECTION 

The definition of catheter-related UTI used in published reports varies, and the terms 
bacteriuria and UTI are often used interchangeably. The distinction between bacteriuria 
and the clinically more relevant symptomatic UTI is an important one. In most patients 
with asymptomatic catheter-related bacteriuria, the risk of bacteremia is low and 
treatment with antimicrobials is unnecessary (61–63,68). Most studies of catheter-related 
UTI use bacteriuria as the primary outcome. The term bacteriuria or candiduria implies 
the presence of a significant number of microorganisms in quantitative urine cultures 
(46,63). Once low levels of candiduria or bacteriuria are identified in a catheterized urine 
specimen, growth usually progresses within 72 h to concentrations of greater than 105 
cfu/mL, unless antibiotic therapy is given (46). Therefore, growth of ≥102 cfu/mL of a 
predominant pathogen from a catheterized urine specimen, collected aseptically from a 
sampling port, is a standard definition for catheter-related UTI (12,19). 

The Centers for Disease Control and Prevention (CDC) have developed surveillance 
definitions for identifying hospital-acquired UTIs (114). The definitions differentiate 
between symptomatic (presence of fever, urgency, frequency, dysuria, or suprapubic 
tenderness) and asymptomatic infection, but do not allow for classification of 
asymptomatic bacteriuria with less than 105 cfu/mL. The definitions do allow for 
consistent application of definitions, allowing for interhospital comparison of infection 
rates (Table 2) (30,31,43). 

While pyuria is considered an important indicator of UTI in the noncatheterized 
patient, pyuria is less strongly correlated with UTI in the catheterized patient (115,116). 
Musher and colleagues found that pyuria was nearly always present with bacteriuria in 
catheterized men, but pyuria was also present in 30% of catheterized patients without 
bacteriuria (115). In a recent prospective study of 761 catheterized patients, pyuria was 
most strongly associated with infection caused by Gram-negative bacilli, whereas 
infections caused by coagulase-negative staphylococci, enterococci, or yeast produced 
much less pyuria (116). Urinary white blood count >5/high-power field had a specificity 
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of 90% for predicting infections with >105 cfu/mL, but had a sensitivity of less than 37% 
(116). 

The urinary dipstick test for pyuria or nitrite has been used to screen for asymptomatic 
catheter-related UTI in an ICU (117). In 144 patients, the incidence of asymptomatic 
infection was 31.3%. The sensitivity of the test was 87%, with a specificity of 61% for 
predicting bacteriuria in the asymp-tomatic patient. More studies are necessary to 
determine if evaluating urine for the presence of white blood cells using dipstick tests are 
useful for predicting bacteriuria in catheterized patients (118). Culturing the tip of a 
removed urinary catheter has been shown to have no benefit in diagnosing infection 
(119). 

In patients with long-term indwelling urinary catheters, neither urinalysis nor urine 
cultures are reliable tests for diagnosing symptomatic UTI (120). Bacteriuria in this 
setting is chronic and universal, and cultures obtained from the catheter may not reflect 
bladder cultures (6,50,121). Fever and chills may be the only symptoms of catheter-
related UTI (71,88,103). UTI in patients with spinal cord lesions may be particularly 
difficult to diagnose because the ability to sense localizing symptoms is lacking (122). 

Symptoms of UTI in this population may include fever, chills, diaphoresis, abdominal 
discomfort, costovertebral angle tenderness, or increased muscle spasticity (71). 
Nevertheless, a consensus panel of rehabilitation medicine experts suggested the 
following criteria for diagnosing bacteriuria from long-term catheterized patients: ≥102 
cfu/mL from patients undergoing intermittent catheterization; any detectable growth from 
those with an indwelling catheter; and ≥104 cfu/mL from a clean-voided specimen from a 
man using a condom catheter (123). 

SPECIAL TYPES OF URINARY CATHETERS 

Indwelling Urinary Catheters 

In the 1920s, Foley introduced the indwelling catheter which could be held in place by an 
intravesicular balloon (5). Routine indwelling urinary catheters are made of latex or 
silicone; some have a hydrogel or teflon coating (24,124). A variety of temperature-
sensing urinary catheters are available for use in the operating room or intensive care 
setting (125). 

Anti-lnfective Coated Catheters 

Several novel urinary catheters with anti-infective properties to reduce adherence of 
bacteria to the catheter have been developed and studied. Silver, a highly effective 
antibacterial substance, is a commonly used anti-infective on silicone urinary catheters. 
Reported results in eight randomized controlled trials evaluating silver-coated catheters 
were mixed (56,59,126–131). A recent meta-analysis, however, suggested that silver 
alloy catheters may be beneficial in preventing UTI whereas silver oxide catheters are not 
(132). Since publication of the meta-analysis, the results of additional studies have 
indicated somewhat mixed results with silver alloy urinary catheter use (133–137). A 
lecithin/silver-coated catheter is in development (138). 
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Catheters impregnated with antimicrobial agents other than silver have also been 
evaluated (139,140). A randomized study of catheters coated with minocycline and 
rifampin found that patients using the antimicrobial cath-eters had significantly lower 
rates of Gram-positive bacteriuria than the control group that used standard catheters 
(7.1% vs. 38.2%; P<0.001), but similar rates of Gram-negative bacteriuria (46.4% vs. 
47.1%) and candiduria (3.6% vs. 2.9%) (140). A study of catheters impregnated with 
nitrofurazone also showed a significant reduction in bacteriuria (12). A new 
gentamicinreleasing catheter was effective in preventing catheter-related UTI in animals 
(141). However, the theoretical risk of developing resistance to these antimicrobial 
agents, which are occasionally used systemically, may limit the use of urinary catheters 
coated with these substances. 

External (Condom) Catheters 

External urine collection systems for men are applied to the outside of the penis and 
empty through a collection tube into a drainage bag. Although devices have been 
developed for women (142), these systems are almost exclusively used with men. 
External urine collection systems may be associated with a lower risk of bacteriuria than 
indwelling catheters. One prospective study found that the risk of developing bacteriuria 
in men wearing a condom catheter was approximately 12% per month (143). However, in 
men who frequently manipulated their catheters, the rate was substantially higher (143). 
In cohort studies in a Veterans Affairs (VA) nursing home, the incidence of symptomatic 
UTI was about 2.5 times greater in men with a chronic indwelling catheter compared to 
those wearing a condom catheter (144,145). On the other hand, a cross-sectional study in 
Denmark found the risk of UTI in hospitalized patients was higher in patients wearing 
condom catheters than in those using indwelling catheters (146). Randomized trials 
comparing these devices need to be performed before any definitive statements are made 
about the relative efficacy of these urinary collection devices. Until such trials are 
reported, condom catheters should be considered in men who are unlikely to manipulate 
their catheters frequently (147). 

Suprapubic Catheters 

Suprapubic catheters are inserted through the lower abdominal wall, which is less heavily 
colonized with bacteria than the perineum, directly into the bladder. These devices have 
been compared to indwelling urethral catheters in a number of studies with varying 
results (148–156). Some trials indicate that patients with suprapubic catheters have a 
lower risk of UTI (148,149,155,156). Patient satisfaction has also been rated higher with 
this type of catheter than with urethral catheters (148,152,156). In several studies, 
however, mechanical complications, including failed introduction, catheter dislodgment, 
or leakage of urine after suprapubic catheter removal, were more frequent in those 
patients with suprapubic catheters (148,150,155). For men who require long-term 
catheterization, suprapubic catheterization may reduce the risk of local genitourinary 
complications such as meatal erosion, prostatitis, and epididymitis. 
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Intermittent Catheterization 

Another strategy used for urinary collection is intermittent catheterization, i.e., inserting 
and removing a sterile or clean urinary catheter several times daily (157,158). 
Intermittent catheterization is an especially common method of urinary collection in 
persons with spinal cord injury (123,159,160), and may reduce the risk of bacteriuria 
compared with an indwelling catheter (74). Because the incidence of bacteriuria is about 
1–3% per insertion, however, most patients likely become bacteriuric within a few weeks 
(6). Intermittent catheterization may be associated with a lower risk of local and systemic 
complications of bacteriuria compared with indwelling catheterization (76,161). 
Terpenning and colleagues evaluated 35 elderly patients receiving intermittent urethral 
catheterization in a VA hospital (161). Thirty-one of the 35 patients developed 
bacteriuria; the mean time from catheter initiation to bacteriuria was about six days. Only 
four patients (11%) developed symptomatic UTI (161). A prelubricated nonhydrophilic 
catheter may be associated with less symptomatic and asymptomatic bacteriuria (162). 

Several studies have shown that long-term use of intermittent catheterization is 
associated with substantial improvement in urinary continence, risk of UTI, renal 
function, and the emotional status of the patient (163–165). Thus, intermittent 
catheterization seems to be a reasonable alternative for long-term catheterization and is 
currently the preferable form of urinary collection in persons with spinal cord dysfunction 
(76,160). Drawbacks of intermittent catheterization in hospitalized and nursing home 
patients, however, include the increased amount of nursing time required and the reliance 
on a very cooperative patient (166). 

Patient Satisfaction with Types of Catheters 

Few studies have looked carefully at patient preferences regarding urinary 
catheterization. In a survey of elderly men on medical wards at a VA medical center, 
patients were more likely to respond that a condom catheter was comfortable (86%), 
compared to those patients with an indwelling urethral catheter (58%, P=0.04) (167). 
Patients also felt that condom catheters were less likely to be painful or restrictive of 
activities of daily living (24% vs. 61%, P=0.008) (167). Another survey of patients and 
family of residents in long-term care revealed that 85% preferred diapers and 77% 
preferred prompted voiding to indwelling urinary catheterization (168). 

MANAGEMENT OF INFECTIONS ASSOCIATED WITH 
URINARY CATHETERS 

The treatment of asymptomatic bacteriuria in the catheterized patient is controversial. 
One study suggested that treatment of catheterized women with a short course of 
trimethoprim-sulfamethoxazole (TMP/SMX) was beneficial (169). However, the risk of 
complications from asymtomatic bacteriuria is low, treatment does not prevent 
bacteriuria from recurring, and treatment may select for resistant bacteria (62,63,88). 
Thus, most authorities would recommend against treating asymtomatic infection, unless 
the patient has an abnormal urinary tract or will undergo genitourinary tract manipulation 
or instrumentation (5,6,73,170). 
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Catheterized patients who develop symptoms of UTI or bacteremia should be treated 
with antibiotics (Table 3). Blood and urine cultures taken prior to instituting antibiotics 
may help with the selection of antimicrobials. Empirical antimicrobials should be 
selected based on knowledge of organisms, previous resistance patterns from the patient, 
and resistance patterns in the medical unit or geographic area. Once culture and 
susceptibilities are available, antibiotics should then be directed toward the specific 
pathogen with the narrowest spectrum antibiotic possible (5,73,170). Parenteral 
antibiotics are recommended if bacteremia is present or suspected (5). Oral ciprofloxacin 
is as effective as the intravenous formulation for the treatment of complicated UTI (171). 
While there are no adequate clinical studies to guide the length of therapy for catheter-
related UTI, treatment for 7 to 14 days appears to be adequate (5,170). 

Candiduria presents a treatment dilemma. While it is clear that symptomatic 
candiduria requires treatment, it is controversial whether asymptomatic candiduria 
requires treatment (5,96,172). Frequently, candiduria resolves without treatment if the 
catheter can be removed (5,172). In a recent randomized double-blind study of a 14–day 
treatment of asymptomatic or minimally symptomatic candiduria with fluconazole vs. 
placebo, there was overall 50% clearance of candiduria in the fluconazole-treated group 
compared to 29% clearance in the untreated group (P<0.001). Of the 64 catheterized 
patients who completed 14 days of therapy, short-term eradication occurred in 33 (52%). 
Since long-term eradication of Candida was not  

Table 3 Options for Empirical Treatment of 
Infections Associated with Urinary Catheters 

  Route Antimicrobials Duration 

Mild-to-moderate infection Oral Ciprofloxacin 7–14 d 

    Trimethoprim/sulfamethoxazole   

Severe illness, possible bacteremia Intravenous Piperacillin/tazobactam 14–21 da 

Ticarcillin/clavulanic acid 

Ampicillin plus gentamicin 

Imipenem or meropenem 

    

Ciprofloxacin 

  

a May switch to oral therapy after 2–3 days if patient becomes afebrile. 
Source: Refs. 5, 31, 43, 71, 170, and 171. 

achieved, the clinical benefit of this practice remains questionable (96). Candiduria in a 
patient with local or constitutional symptoms or in a patient with diabetes, 
immunosuppression, or urologic abnormality deserves a more aggressive approach. 
These patients likely require evaluation for disseminated candidiasis and may require 
systemic antifungal therapy (172,173). 

Biofilms that develop on long-term indwelling urinary catheters make treatment 
difficult when the catheter remains in place. Antibiotics are unable to penetrate the 
biofilm to eradicate microorganisms, and normal immune defenses are ineffective within 
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the biofilm (21–23). A recent prospective randomized controlled trial compared patients 
with symptomatic UTI who received indwelling catheter replacement prior to initiation of 
antibiotic therapy with patients who had no catheter replacement (174). Bacteriuria was 
significantly decreased in the patients who received a new catheter three days after 
initiation of therapy and seven days and 28 days after discontinuing therapy (174). In 
addition, patients who had their catheters exchanged became afebrile sooner, had 
improved clinical status at 72 h, and had a lower rate of symptomatic clinical relapse 28 
days after therapy (174). This study supports the recommendation of most authorities to 
replace a catheter that had been in place for more than a week when a patient is treated 
for symptomatic UTI (5,6,170). 

PREVENTION AND CONTROL 

Two decades ago, the CDC developed guidelines for the prevention of nosocomial UTI, 
which emphasize the use of aseptic technique and closed urinary drainage (175). Great 
Britain has recently updated guidelines for insertion and maintenance of urinary catheters 
in the acute-care setting (176). Despite existence and knowledge of these guidelines, 
adherence to guidelines varies between institutions. At one institution, errors in 
compliance with guidelines were found in 11% of catheter-days and overall in 29% of 
catheterized patients (177). Surveillance and feedback of nosocomial UTI rates to staff 
may be an effective way to improve compliance with recommendations and decrease UTI 
rates (178–180). Several measures for the prevention of catheter-related UTI are 
discussed later. 

Avoidance of Use of Indwelling Catheters 

Since as many as 80% of nosocomial UTIs and 97% of UTIs in ICUs are associated with 
a urinary catheter, the best strategy for prevention is avoidance of urinary catheterization 
(4,6,43,62,147,181). Unfortunately, unjustified and excessively prolonged catheter use is 
common (27,35,39). Nevertheless, urinary catheters are important for patients requiring 
drainage of anatomic or physiologic outlet obstruction, patients undergoing surgery of the 
genitourinary tract, patients requiring accurate urinary output measure-ments, and 
patients with sacral or perineal wounds (39,147,175,182). Table 4 summarizes these and 
other indications for an indwelling urinary catheter. 

If temporary or long-term urinary collection is required, options other than indwelling 
catheterization should be considered (catheter types were discussed earlier). In oliguric 
patients, ultrasound may be used for measuring urine output (183). Intermittent 
catheterization may reduce the risk of bacteriuria in patients with neurogenic bladder or 
spinal cord injuries (157– 159,161,164). Clinicians may consider a suprapubic catheter in 
patients without contraindications (e.g., bleeding diatheses, previous lower abdominal 
surgery, morbid obesity, or prior radiation to the lower abdomen) who require long-term 
indwelling catheterization (148,149,155,156). Finally, external or condom catheters are a 
reasonable alternative to indwelling catheters in men requiring long-term catheterization 
who are unlikely to frequently manipulate their condom catheters (143,144,184). For men 
with prostatic enlargement causing bladder outlet obstruction, many observational studies 
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describe an intraprostatic spiral or intraurethral stent that allows bladder emptying 
without the need for bladder catheterization (185–190). These devices may be considered 
in men with a contraindication to prostatic surgery who have urinary retention despite 
pharmacological treatment. 

Use of Aseptic Insertion and Catheter Care Techniques 

Proper aseptic technique, including aseptic insertion and maintenance of the catheter and 
drainage bag, remains essential in preventing catheter-related UTI (12,19,53,175,176). 
Although use of antiseptic cleansing at urinary catheter insertion has been widely 
recommended, this practice has not been well studied. A recent randomized trial of water 
or 0.1% chlorhexidine cleansing of the periurethral area prior to catheter insertion 
revealed no difference in occurrence of bacteriuria (191). Similarly, rigorous routine  

Table 4 Appropriate Indications for Short-Term 
Indwelling Urinary Catheter Use 

Monitoring of urine output required: 

• Frequent or urgent monitoring is needed, as for critically ill patients.   

• Patient is unable or unwilling to collect urine. 

Urinary incontinence (without obstruction): 

• Patient with an open sacral or perineal wound.   

• At patient request. 

Bladder outlet obstruction: 

• Temporary relief of anatomical or functional obstruction.   

• Longer term drainage if surgical correction is not indicated. 

Prolonged surgical procedures with general or spinal anesthesia. 

Source: Refs. 39, 147, 175, and 182. 

meatal cleaning of catheterized patients has shown no benefit (192,193). The collection 
bag should always remain below the level of the bladder to prevent reflux of urine into 
the bladder. Use of gloves and proper hand-washing during insertion and manipulation of 
catheters is essential to prevent exogenous acquisition of hospital pathogens (15–
17,194,195). 

Use of Closed Drainage Systems 

The most important advance in the prevention of urinary catheter-related infection was 
the introduction, approximately three decades ago, of the closed catheter drainage system 
(45,196–198). Effective maintenance of a closed drainage system includes the use of 
sealed urinary catheter junctions (68,69,199,200). A recent evaluation of two closed 
drainage systems compared a complex system (including a preattached catheter, 
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antireflux valve, drip chamber, and povidone-iodine-releasing cartridge) with a two-
chamber system. The authors found no difference in the rate of bacteriuria between the 
two systems (201). Nevertheless, improper catheter care and breaches of the closed 
system remain an important factor in the development of bacteriuria in clinical settings 
(53,177). 

Other Catheter Care Practices 

Recent efforts to prevent bacteriuria have also included irrigating the bladder, instilling 
antibacterial solutions in the urinary collecting bag, and prescribing short-term 
prophylactic antibiotics. Antibacterial agents, including povidone-iodine, chlorhexidine, 
neomycin, or polymixin, have been instilled either continuously or intermittently as 
bladder irrigation. Although this practice had some benefit in preventing UTI when an 
open drainage system was used, little overall effect has been seen in studies using closed 
systems (202–206). Because this practice allows for flow of organisms colonizing the 
catheter into the bladder, and in view of the potential for local toxicity and the complexity 
of this method, antibacterial irrigation cannot currently be recommended. 

Several studies have evaluated the effect of adding various antibacterial agents (e.g., 
chlorhexidine, hydrogen peroxide, povidone-iodine) to the urinary catheter drainage bag. 
While several reports suggested that this intervention may prevent catheter-related UTI 
(207–210), some were flawed by using a before/after design (208,210), or by using other 
interventions in addition to the antibacterial agents (207,208). Other better-designed 
randomized trials have shown no benefit from the addition of antibacterials (211– 213). 
Importantly, adding solutions to the drainage bag requires breaking the closed drainage 
system, and the bulk of evidence does not favor this approach. 

A variety of other interventions to prevent catheter-related UTI have also been 
evaluated and have not clearly shown benefit. These include using meatal lubricants and 
creams (both antibacterial and nonantibacterial) (214– 218), or urinary catheters that have 
been coated with antibiotics (214,219), heparin (220), or polymer (221). In addition, 
drinking cranberry juice did not prevent biofilm production in catheterized patients, and 
therefore is unlikely to prevent UTI (222). 

Use of Anti-lnfective Urinary Catheters 

Several studies support the use of anti-infective urinary catheters as adjunct to the 
aforementioned proven methods of prevention in patients at high risk for catheter-related 
UTI (132,135–137,223). The cost of a silver-coated urinary catheter tray is significantly 
more than a standard, noncoated urinary catheter tray. A recent analysis of the clinical 
and economic consequences of urinary catheters indicates that silver alloy catheters may 
provide both clinical and economic benefits in patient populations receiving indwelling 
catheterization for 2 to 10 days, including the critically ill (65,224). Silver alloy urinary 
catheters appear to be a promising method of reducing bacteriuria in the catheterized 
patient. The effect silver alloy urinary catheters will have on the more important clinical 
outcomes of urinary catheter-related bacteremia and mortality is not clear from current 
studies. 
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Use of Systemic Antimicrobials 

Receiving systemic antibiotic therapy has been shown in a number of studies to lower the 
risk for developing a catheter-related UTI (53–55,57). Several investigators have studied 
this intervention in a variety of settings. Comparing results of these studies is difficult 
due to variable inclusion criteria, differences in definitions of UTI, timing and duration of 
antibiotic therapy agents used, outcomes measured, and the retrospective nature of some 
of the studies. In general, systemic antibiotic therapy tends to be most useful in patients 
requiring urinary catheterization for durations between 3 and 14 days (225– 230). Those 
catheterized for shorter durations are not at high risk for UTI, and those with longer 
durations develop bacteriuria regardless of antibiotic therapy. Prophylaxis with 
TMP/SMX has been shown to be beneficial for the prevention of UTI after renal 
transplantation (231,232). The available data from randomized controlled trials published 
in the past two decades suggest that antibiotic prophylaxis is justifiable for men 
undergoing transurethral resection of the prostate, especially in those with an indwelling 
catheter or preoperative bacteriuria (233). Most experts do not recommend routine use of 
prophylactic antibiotics for catheterized patients because of their cost, potential adverse 
effects, and potential for selection of antibiotic-resistant organisms (4,5,198,234). Several 
studies demonstrated that antibiotic prophylaxis increased the rate of isolation of resistant 
organisms in catheterized patients (50,225,226,228). 

Use of Methenamine Hippurate 

Methenamine, available as a salt of mandelate or hippurate, has been used for preventing 
catheter-associated UTI for over 30 years (147). Its antibacterial activity is thought to be 
related to its breakdown products, hippuric acid and formaldehyde, which acidify the 
urine. In small nonrandomized studies, oral methenamine hippurate therapy (2–6 g daily) 
has been found to reduce the incidence of bacteriuria (235,236), symptomatic UTI (237), 
and pyuria (238). It has also been associated with fewer courses of antibiotic therapy for 
symptomatic UTI and mechanical catheter complications (239). Other studies, however, 
have not found any benefit of methenamine in suppressing catheter-associated bacteriuria 
(240). While methenamine hippurate is not currently recommended, randomized 
controlled trials evaluating this intervention should be considered (147). 

SUMMARY AND CONCLUSIONS 

Urinary catheter-related infections are a common hospital infection, especially in the ICU 
setting. In addition, they are associated with significant cost and morbidity. The available 
data suggest that urinary catheter-associated bacteriuria may be preventable for the short-
term (i.e., less than a few weeks), but at best is only postponed if the device is needed for 
a longer period. Proven interventions for the prevention of catheter-associated UTI 
include avoidance and curtailing use of catheters whenever possible. Measures should be 
taken to insert a catheter aseptically, use a closed drainage system, and properly maintain 
the catheter during use. Use of alternative drainage systems, including suprapubic 
catheters or condom catheters, may be desirable in selected patient populations. An anti-
infective catheter should be considered in those patients at high risk for complications of 
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catheter-associated bacteriuria. More well-designed clinical trials are necessary to further 
define methods of decreasing this serious catheter-related complication. 
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Antibiotic-containing catheters, 109–110 
Antibiotic lock therapy, 81, 309–82 

in CoNS infections, 180–181 
in established CVC-related infections, 305–306 
in gram-negative bacterial infections, 215, 216 
heparin lock cannulae in, 349–350 
ineffectiveness for fungal infections, 248 
minocycline plus EDTA, 100–101 
in pediatric oncology/hematology infections, 535 
pros and cons in hemodialysis, 508 
in treatment of catheter-related Staphylococcus aureus infection, 150–151 

Antibiotic prophylaxis: 
avoidance in prevention of CoNS infections, 181 
inefficacy in ventricular reservoir infection, 467 
not recommended for patients on hemodialysis, 508 
not recommended for urinary catheterization, 568 
in pediatric patients, 536 
in prevention of PVC-related infection, 363 
short-term use in urinary catheter care, 567 
unwarranted with peripheral arterial catheters, 403 
unwarranted with pulmonary artery catheters, 395 

Antibiotic resistance: 
by coagulase-negative staphylococci, 166 

in pediatric ICUs, 516 
preventing in hemodialysis patients, 504, 510, 511 
in shunt infections, 456 

Antibiotic therapy. 
See also Broad- spectrum antibiotics: 
continuing infection despite, 80 
decreasing risk of CRIs, 26 
decreasing risk of infection from pulmonary artery catheters, 383 
duration in neonatal Staphylococcus aureus infections, 531–532 
failure in cases of established CRI, 90 
failure in presence of endocarditis, 146 

Inedx     520



high cure rate with CoNS infections, 180–181 
intermittent intravenous dosing, 349 
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for long-term central venous catheters, 435 
in prevention of CRI, 96–97 
in prevention of infection from peripheral arterial catheters, 401 
in prevention of infection from pulmonary artery catheters, 383–385, 394–395 
in prevention of site colonization and infection, 343–344 
in prevention of Staphylococcus aureus infection, 151 
in prevention of urinary catheter-associated infections, 567 
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process of, 167 
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risk for CRIs in pediatric oncology, 521 
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in pathogenesis of fungal infections, 235, 236 
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complications of gram-negative bacterial infection in, 214 
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skin as risk factor for CRIs in, 25 
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migration of Staphylococcus aureus by, 141 

Case fatality rates: 
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Catheter-associated chest wall abscess, 243 
Catheter care: 

crucial importance in total parenteral nutrition, 299 
international guidelines for, 104 
in pathogenesis of CRI, 92 
in pathogenesis of UTIs, 55 
in prevention of CRI, 98–102 
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in prevention of PVC-related infection, 368–369 
recommendations for burn patients, 298 
routine for central venous catheters, 312–313 

Catheter hub: 
contamination as source of pathogenesis, 91 
contamination with Aeromonas spp., 265–266 
culture of, 50–55 
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Catheter-related bacteremia, 427 
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defined, 349 
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cost-effectiveness, 67–68 
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comparative analysis of, 47–48  
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gram-negative bacterial infections related to specific, 198–204 
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and prevention of PVC-related infection, 363  
and risk of infection, 95 
for total parenteral nutrition, 299 
urinary catheters: 

antimicrobial-coated, 561–562 
indwelling catheters, 561 

Catheters, as source of infection, 79 
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signs and symptoms of, 295–296 
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Cerebral edema, 445 
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Chronic infectious diseases, use of intravascular devices in, 37 
Chronic peritoneal dialysis: 

advantages over hemodialysis, 479 
infections associated with, 479–481 

clinical presentation and complications, 486–487 
diagnosis of, 487–488 
epidemiology and etiology of, 484–486 
prevention of, 490–491 
treatment of, 488–490 

two types of, 479–480 
Chronic renal failure, as risk factor for CRIs, 25 
Chronically ill patients, historical use of central venous catheters in, 425 
Chryseobacterium spp., 259, 265 
Chryseomonas luteola, 258, 262, 276 
Ciprofloxacin, 309 

in treatment of CAPD-related infections, 490 
in treatment of catheter-associated UTIs, 564 

Cirrhosis, peritoneovenous shunting in, 469–470 
Clavicular osteomyelitis, secondary to Staphylococcus aureus infection of subclavian catheter, 148 
Clinical definitions, vs. surveillance definitions, 294 
Clinical sepsis, 5–6, 10. 

see also Sepsis in CVC-related infections, 295 
epidemiology of infections related to, 12 

Clinician experience, association with catheter colonization, 151 
Closed drainage systems, 567 
Clot formation, and catheter colonization, 30 
Coagulase-negative staphylococci (CNS), 27–28, 165–166. 

See also Catheter-related CoNS infections 
antibiotic therapy of established CVC-related infections, 306–308 
association with peripheral arterial catheters, 399 
association with pulmonary artery catheters, 381 
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binding to fibronectin, 331 
in burn patients, 238 
catheter-related bloodstream infections from, 40 
in chronic peritoneal dialysis infections, 481 
clinical manifestations of infection, 177–178 
diagnosis of, 178–179 
epidemiology of, 177 
false-positive diagnoses with, 78 
in hemodialysis catheter-related infections, 500, 503–504 
increased instrumentation as risk factor for infection in neonatal ICUs, 518 
increased rates of infection with, 232, 233 
low mortality rate in neonatal ICUs, 520 
management and therapy of, 179–181 

in neonatal intensive care, 530–533 
in pediatric oncology/hematology, 533–535 

methicillin resistance, 301, 306 
microbiology of, 175–177 
as most frequently isolated pathogens in CRIs, 255, 306 
as most frequently isolated pathogens in immunocompromised hosts, 300 
mupirocin resistance in, 99 
PA injectate contamination with, 388 
pathogenesis of infection from, 166–175 
in pediatric catheter-related infections, 523–524 
persistence of strains in neonatal ICU, 516 

requiring catheter removal, 531 
predominant genotypes of, 28 
prevention and control of infection, 181 
resistance of multiple antimicrobials, 177 
risk of infection among premature newborns, 516 
serological testing for CRI due to, 65–66 
signs and symptoms of infection in neonatal ICUs, 526–528 
species of, 176 

Collagen, 170, 333–334 
Colonization: 

of long-term central venous catheters, 429–430 
rates by disinfectant type, 7 
risk factors for, 343 

Comamonas spp.: 
Comamonas acidovorans, 258, 259, 262, 276 
Comamonas testosteroni, 262 

Commercially available antimicrobial catheters, 110–111 
Community-acquired meningitis, 451 

treatment in shunted patients, 457 
Condom catheters, use in urinary catheterization, 562 
Contaminated antiseptics, 333 
Contaminated multidose medication vials, 205 
Contaminated vacuum pumps, 239 
Contamination, distinguishing from infection via roll plate method, 42 
Contiguous infection, as source of microorganisms, 26 
Continuing education: 

lack of training in external drainage device infections, 462 
role in prevention of shunt infections, 461–462 
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Continuous ambulatory peritoneal dialysis (CAPD) catheters, 118, 479 
Continuous cyclic peritoneal dialysis, 479 
Copper-coated catheters, decreasing adherence of Staphylococcus aureus to catheters, 153 
Cordis transducers, infectious complications of, 379 
Corneform and related organisms, 260 
Corynebacterium spp., 256, 260, 269–270 

Corynebacterium afermentans, 269, 276 
Corynebacterium amycolatum, 269, 276 
Corynebacterium aquaticum, 269, 276 
Corynebacterium jeikeium, 269, 276 
Corynebacterium minutissimum, 269, 276 
Corynebacterium striatum, 270, 276 
Corynebacterium urealyticum, 277 
in hydrocephalus shunt infections, 450, 451 

Cost-effectiveness analyses: 
of antimicrobial catheters, 114, 304 
of catheter-related UTIs, 556 
of diagnostic tests, 67–68 
four types of central venous catheters, 432–434 
lysis-centrifugation technique, 56 
and nosocomial infections, 13 
of paired quantitative blood cultures, 59 
of pulmonary artery catheters, 379 

Cost increases, with unnecessarily removed catheters, 90 
Cotrimoxazole, 459 

efficacy in shunt infections, 454 
Critically ill patients: 

nosocomial infections in, 2 
as leading cause of death, 296 

problems with peripheral venous access in, 61–62 
rates of colonization by disinfectant type, 7 
skin cultures for, 55 
use of intravascular devices in, 37 
use of pulmonary artery catheters with, 380 

Crowding, effect on incidence of CVC-related infection in pediatric ICUs, 517–518 
Cuffing: 

of central venous catheters, 303 
of hemodialysis catheters, 499 
of long-term tunneled catheters, 426 
of peripheral venous catheters, 334 
recommended for long-term hemodialysis catheters, 151 

Culturette system, 53 
Cutaneous antisepsis: 

with peripheral arterial catheters, 403 
in prevention of CRI, 97 
with pulmonary artery catheters, 396 

Cutaneous flora: 
in infection from peripheral arterial catheters, 400 
in infection from pulmonary artery catheters, 383 
in origin of catheter-related Staphylococcus aureus infection, 141–142 

Cystic fibrosis, catheter-related infections in pediatric patients, 523 
Cytomegalovirus infection, tunneled catheters recommended for, 298 
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Cytoplasmic antigens, in diagnosis of fungal infections, 237 
 

D-arabinotic, in diagnosis of fungal infections, 237 
Dacron cuffs, 434 

in tunneled catheters, 426 
used in chronic peritoneal dialysis, 480 

Death risk: 
with Candida spp., 80 
with catheter remaining in situ, 80 

Decisional tree, for diagnosis of CRI, 69 
Deep tunnel infections, management of CoNS, 179 
Deep venous thrombosis: 

risk with femoral vein insertion, 96 
secondary to Staphylococcus aureus infection, 148 

Defervescence, as indirect evidence of CRBSI, 295 
Definitions, clinical vs. surveillance- based, 5–6, 294 
Dermatitis, 25 
Device-days, 297, 431 
Device securement, in prevention of PVC-related infection, 366 
Dextrose-containing solutions, avoiding with pulmonary artery catheters, 396 
Diabetes mellitus: 

candidemia in patients with, 242 
as risk factor for bacteriuria, 555 
risk of CAPD peritonitis in, 483 
risk of catheter-related Staphylococcus aureus infection, 144–145 

Diagnostic accuracy, 47–48 
of catheter cultures, 347 
essential in management of CRBSI, 78 
lacking in fungal infections, 236–237 

Diagnostic techniques: 
for CAPD-related infections, 487–488 
for catheter colonization and catheter-related infections, 346–349 
catheter-tip techniques, 41 

comparative analysis of, 47–48 
diagnosis in ports and pulmonary artery catheters, 46–47 
qualitative broth culture, 41 
quantitative catheter-tip techniques, 44–45 
semiquantitative catheter-tip culture, 41–44 
subcutaneous catheter segment culture, 45–46 

clinical diagnosis, 38–41 
cost-effectiveness of, 67–68 
cultures, 346–348 
decisional tree for, 69 
definitions related to, 38–41 
guidewire exchange, 48–49 
in hemodialysis catheter-related infections, 504–505 
lacking for fungal infections, 236–237 
miscellaneous, 65–67 
rapid diagnosis via direct examination, 62 

acridine-orange leucocyte cytospin test, 63–65 
catheter tip examination, 62–63 
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gram staining of pericatheter skin/ hub, 63 
without catheter removal, 49–50 

central quantitative blood cultures, 55–57 
exit-site and hub culture, 50–55 
paired central-peripheral nonquantitative blood cultures, 59–62 
paired central-peripheral quantitative blood cultures, 57–59 

Dialysis exchange: 
fluids damaging to host defense cells, 483 
reducing infection risk via aseptic techniques, 480–481 

Dialysis Surveillance Network, 504 
Dialyzer reuse, and risk of infection, 503 
Diazepam infusion, as risk factor for site colonization and infection, 344 
Differential time to positivity, 59, 60, 68, 302, 305, 392 

in diagnosis of CoNS infections, 179 
Direct examination, 68 

of catheter tip, 62–63 
in diagnosis of PVC-related colonization/infection, 348–349 
rapid diagnosis of CRI using, 62 

Direct inoculation, in quantitative blood cultures, 55  
Direct percutaneous ventricular access, 445 
Disinfectant contamination, bloodstream infections caused by, 205 
Disinfectant type: 

alcohol, 311–312 
chlorhexidine, 311 
decreasing risk of CRIs, 26 
povidone-iodine, 311–312 
and rates of catheter colonization, 7 

Disposable transducer assemblies: 
for peripheral arterial catheters, 410 
for pulmonary artery catheters, 396 

Disseminated fusariosis, 243 
DLVO theory, 168 
Dressings. See Site dressing regimens 
Durability, of central venous catheter types, 432 
Duration of catheterization: 

Hickman vs. Groshong catheters, 431 
longer with indwelling ports than percutaneous central venous catheters, 431 
in pathogenesis of phlebitis, 328 
in pathogenesis of UTIs, 555 
recommended for pulmonary artery catheters, 397 
as risk factor for CRI, 91 
as risk factor with peripheral arterial catheters, 400–402, 405 
as risk factor with pulmonary artery catheters, 385–386 

Duration of therapy, with CoNS infections, 180, 307–308 
 

Echinocandin caspofungin, 533 
Electron microscopy, of Staphylococcus aureus-infected catheters, 141–142 
Elevated CSF pressure, 445 

external ventricular drainage process for, 463 
ELISA technique, for diagnosis of CRI, 66 
Embolization: 
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as manifestation of endocarditis, 147 
risk with AOLC test, 64 

Empyema, as complication of pulmonary artery catheter-related infection, 391 
End-stage renal disease, chronic peritoneal dialysis for, 479 
Endarteritis, 148 
Endocarditis: 

association with peripheral arterial catheters, 408 
as complication of pulmonary artery catheter infection, 390–391, 393, 394 
as complication of Staphylococcus aureus bacteremia, 146, 147, 308 
criteria for diagnosis with echocardiography, 147 
due to HACEK organisms, 267 
fever associated with increased risk of, 149 
and optimal duration of systemic therapy, 82–83 
secondary to Staphylococcus aureus infection, 141 

Endoluminal route, 60. 
See also Intraluminal route 

Enterobacter cloacae, 207 
Enterobacteriaceae, 196, 200, 202, 203, 205 

bacteremias caused by, 197 
catheter-related infections caused by, 206–208 
in chronic peritoneal dialysis infections, 481 
in hydrocephalus shunt infections, 451 
urinary tract infections due to, 552, 558 

Enterococcus spp., 260, 267–268 
Enterococcus casseliflavus, 277 
Enterococcus faecalis, 277 
vancomycin resistance among, 314 

Epidemics: 
peripheral arterial catheter association with, 405–408 
pulmonary artery catheter association with, 390 

Epidemiology: 
of catheter-related infections due to gram-negative bacilli, 196–206  
of catheter-related infections due to miscellaneous organisms, 256–257 
of chronic peritoneal dialysis-related infections, 484–486 
of CoNS infections, 177 
of CVC-related infections, 296–297 

in neonatal intensive care, 517 
in pediatric hematology/oncology, 520–523 

of fungal infections, 237–241 
future research directions, 13–15 
of hemodialysis catheter-related infections, 501–503 
of infections due to intravascular devices, 6–10 
of urinary catheter-associated infections, 553–557 

Epididymitis, increased risk with suprapubic urinary catheters, 562 
Epidural abscess, secondary to Staphylococcus aureus infection, 141, 146, 148 
Erlanger silver catheter, 110 
Erythema, as symptom of localized infection, 39–40 
Eschirichia spp.: 

Eschirichia cloacae, 215 
Eschirichia coli, 200, 202, 203 

catheter-related infections caused by, 206–207 
urinary tract infections due to, 197 
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virulence factors in urinary tract infections due to, 552 
Ethanol, antibiotic lock therapy with, 309 
Ethanol abuse, candidemia in patients with, 242 
European Organisation for Research and Treatment of Cancer (EORTC), survey on pediatric 
neutropenia, 520 
European Prevalence of Infection in Intensive Care (EPIC) study, 2 

importance of intravascular devices as risk factors, 296–297 
European Renal Association recommendations, 509 
Ewingella americana, 277 
Exchange interval, recommendations for, 100 
Exit-site cultures, 50–55 

in CoNS infections with valuable catheters, 180 
methods of, 52 

Exit-site infections, 38, 39, 427 
in chronic peritoneal dialysis, 481, 487 
defined, 4, 5, 40 
in definition os CRI, 294 
in external ventricular drainage, 462–464 
management of CoNS, 179 
management of hemodialysis catheter-related, 506 
of Tenckhoff catheters, 485–486 
treatment with antibiotics alone in pediatric oncology, 535 

External shunt infections, 446–441 
treatment of, 457–458 

External ventricular drainage, 462–465 
Extracellular slime substance: 

in pathogenesis of coagulase-negative staphylococci infection, 171–174 
produced by S. epidermidis, 174, 175 

Extracorporeal membrane oxygenation, high rate of UTIs in patients with, 554–555 
Extraluminal route, 38, 91 

cultures of catheter entry site representing, 50 
predominating for short-term catheters, 47 
in pulmonary artery catheters, 389 
in urinary catheter-associated infections, 552 

Extraventricular drainage (EVD), required in treatment of shunt infections, 454 
Eye: 

Candida spp. predilection for, 245 
candidemia affecting, 241 

 
False-positive blood cultures, 78, 79 
Febrile episodes, management with suspected catheter-related infection, 307  
Femoral arterial insertion: 

risk with hemodialysis catheters, 502 
risk with peripheral arterial catheters, 400, 408 
risk with pulmonary artery catheters, 380 
and thrombosis risk, 29, 96, 365 

Fever: 
as clinical manifestation of CoNS infection, 178 
diagnostic importance of evaluating, 78 
as sole manifestation of catheter-related Staphylococcus aureus infection, 146 

Fibrin deposits: 
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promoting adherence, 429 
promoting bacterial colonization, 170, 428 

Fibronectin: 
as mediator of bacterial adherence, 93 
in pathogenesis of coagulase-negative staphylococci infection, 170 
promoting adherence of Staphylococcus aureus to catheter surfaces, 142 

Film dressings, 367–368 
First-generation cephalosporins, in systemic therapy of CRI, 83 
Flavimonas oryzihabitans, 277 
Flavobacterium spp., 277 
Flucloxacillin, 306 

in treatment of intraspinal drug delivery device infections, 468 
in treatment of shunt infections, 456 

Fluconazole: 
in antifungal therapy, 248 
precautions with Candida spp., 83 
in therapy of Candida and mold infections, 309 
use in neonatal candidiasis, 533 

Fluid contamination: 
addition of antiseptics to avoid, 100 
with peripheral arterial catheters, 406 

Fluoropolymers, risk of infection with, 95 
Fluoroquinolone, in treatment of CAPD peritonitis, 489 
Foreign bodies, promotion of continuing infection by, 80 
Fungal adherence, highest for Candida parapsilosis, 234 
Fungal infections: 

among immunocompromised patients, 91 
catheter-related, 231–234 
catheter salvage not recommended for, 306 
clinical syndromes and agents of, 241–244 
control measures for, 244–245 
diagnosis of, 236–237 
epidemiology of and risk factors for, 237–241 
failure of antibiotic lock therapy in, 81 
increase in rates of, 232, 300 
lack of consensus on criteria for defining, 231 
lack of gold standard for diagnosis, 236 
low sensitivity of culture methods for, 237 
microbiologically proven, 295 
pathogenesis of, 234–236 
rapid diagnosis in newborns, 63 
therapy of, 245–248 
treatment of hydrocephalus shunt infections due to, 457 

Fungal thrombophlebitis, 241 
Fungemia, 427. 

See also Fungal infections 
Fusarium spp., rates of infection increasing, 243 

 
Gastrointestinal tract disease, as risk factor for CRIs, 25 
Gauze dressings: 

in prevention of PVC-related infection, 367–368 
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with pulmonary artery catheters, 386, 395 
vs. transparent dressings, 312 

Gene regulators, in S. epidermitis, 173 
General hospital wards, most frequently isolated pathogens in, 300  
Gentamycin-soaked hydrogel catheters, 461 

use in urinary catheterization, 562 
German guidelines: 

for prevention of CRI, 99 
for surveillance of nosocomial infections, 102 

Gestational age: 
as risk factor for CRIs, 25 
as risk factor for CVC-related infection in pediatric ICUs, 517 

Giemsa stain, 454 
Glucose-containing solutions, promoting growth of gram-negative bacteria, 213 
Glucose-nonfermenting species, in acute peritonitis, 484 
Glyceril trinitrate, 101 
Glycopeptides: 

emerging resistance in neonatal ICUs, 530 
inefficacy of prophylaxis in shunt infections, 459 
reduced susceptibility of CoNS organisms to, 177 
therapy of suspected CVC-related infections with, 305 
use in shunt infections, 454 

Gordonia spp., 272, 277 
Gram-negative bacteria: 

among immunocompromised patients, 91 
catheter-related infections due to, 195–196 
as causative agents in pediatric CRIs, 524–525 
causing acute peritonitis, 485 
complications of infection by, 214 
epidemiology of infections, 196–206 
as highest mortality risk in neonatal ICUs, 520 
increased growth with total parenteral nutrition, 298 
infections caused by specific organisms: 

Acinetobacter species, 210–212 
Enterobacteriaceae, 206–208 
Pseudomonas aeruginosa, 208–210 

in infections from peripheral arterial catheters, 406 
management of infection by, 214–217 

in neonatal ICUs, 532 
in pediatric oncology/hematology, 534 

miscellaneous, 265–267 
mortality in pediatric oncology/ hematology units from, 523 
as most frequently isolated pathogens in intensive care units, 300 
pathogenesis of infection by, 212–214 
predominant over gram-positive organisms in CRIs, 256 
Pseudomonas spp. and related genera, 257–265 
reduced with silver-based coatings, 110 
reflecting bacteremia, 62 
species causing catheter-related infections, 258–259 
therapy of CVC-related infections with, 308–309 
treatment of shunt infections due to, 456–457 

Gram-positive bacteria, 91 
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causing acute peritonitis, 485 
causing catheter-related infections, 260–261, 267–272 
in chronic peritoneal dialysis infections, 481 
coagulase-negative staphylococci, 175–176 
increase in incidence of infection by, 300 
miscellaneous CRI-causing, 270–272 
as most frequently isolated pathogens in general wards, 300 
pocket infection with, 430 
reduced with silver-based coatings, 110 
reflecting contamination or arterial line colonization, 62 
vancomycin resistance, 436 

Gram-positive cocci, 256, 260, 267–269 
in etiology of PVC-related infections, 337 

Gram staining, 69 
of blood from catheter, 65 
cost-effectiveness of, 68 
in management of periperal arterial catheter-related infection, 410 
in suspected CAPD-related infections, 487–488 

Granulocytopenia: 
as predisposing factor for fungal infections, 236 
as risk factor for CRIs, 25 

Groshong tunneled catheters, 426 
comparison with Hickman catheters, 430–431 

Guidelines, comparison of international, 102–105 
Guidelines for Prevention of Intravascular Catheter-Related Infections, 294 
Guidelines for the Management of Intravascular CRI, 47, 94, 99 
Guidewire exchange, 48–49 

in CoNS infections, 181 
of hemodialysis catheters, 507 
of nontunneled central venous catheters, 427 
in prevention of CRI, 99–100 
recommendations for total parenteral nutrition, 299–300 
as risk factor for peripheral arterial catheter-related infection, 400, 401, 404 
as risk factor for pulmonary artery catheter-related infection, 385 
vs. new puncture for CVCs, 313 

 
HACEK microorganisms, 266–267 
Hand hygiene: 

importance in preventing urinary catheter-associated infections, 552, 553, 567 
in prevention of catheter-site colonization and infection, 343–344 
in prevention of CRI, 96 
in prevention of CVC-related infections, 312 
in prevention of hemodialysis catheter-related infections, 511 
in prevention of PVC-related infection, 359 

Hawthorne effect, 310, 462 
Health care worker education/training, in prevention of PVC-related infection, 359 
Hematocrit values, and risk of hemodialysis catheter-related infection, 503 
Hematogenous seeding, 38 

of catheter-related Staphylococcus aureus infection, 141 
of coagulase-negative staphylococci, 166 
and fungal infections, 235 
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as minor risk for pulmonary artery catheters, 388, 389 
in pathogenesis of CAPD peritonitis, 481 
in peripheral artefial catheters, 402 
in peripheral venous catheters, 335 
as source of microorganisms, 26 
in total parenteral nutrition, 299 

Hematological malignancies: 
candidemia in, 242 
fungal infections in children with, 233 
as risk factor for infection with tunneled catheters, 428 

Hematology patients: 
catheter removal recommendations for, 305 
high rate of nosocomial infections among pediatric, 515 
paired quantitative blood cultures in, 58 

Hemodialysis: 
catheter characteristics in, 500 
CDC surveillance results for, 501–502 
management of fistula- and graft-related infections in, 506 
mechanical failure and leakage of catheters for, 505 
as risk factor for nosocomial candidemia, 238 
risk factors for infection in, 502–503 
tunneled central venous catheters used in, 201 
vascular access-related infections in, 499–500 

Hemodialysis catheter-related infections, 499–500 
management and therapy of, 506–508 
preventive measures for, 508–511 

Hemoglobin concentration, optimizing in hemodialysis patients, 509 
Heparin: 

as antimicrobial coating, 112–113 
bonding of Swan-Ganz catheters with, 303 
concentration in antibiotic lock therapy, 306 
decreasing thrombosis risk, 29 
in flush solution for peripheral arterial catheters, 397, 410 
in prevention of CoNS infections, 181 
stability of vancomycin in solutions of, 82 
with vancomycin as flushing agent, 436 

Heparin-bonded catheters, pulmonary artery, 386–387, 395 
Heparin lock cannulae, 349–350 
Heptapeptides, disrupting quorum-sensing mechanisms, 174 
Hickman catheters, 426 

comparison with Groshong catheters, 429–430 
Enterococcus spp. causing CRIs in, 267–268 
estimated insertion cost, 432 
management of infection from, 215 
as risk factor for nosocomial candidemia, 238 
risk of infection in pediatric oncology units, 520–522, 537 
as source of candidemia, 241 

Hippuric acid, 569 
HIV patients: 

increased incidence of CRIs due to rare organisms in, 257 
and risk of catheter-related Staphylococcus aureus infection, 145–146, 298 
risk of hemodialysis catheter-related infection in, 502 
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skin as risk factor for CRI infections in, 25 
Holter valve, 447 
Hospital costs: 

impact of device-related infections on, 10–13, 67–68 
and infections due to coagulase-negative staphylococci, 164 

Hospital residence, as extrinsic risk factor for CRIs, 25 
Hospital type, as risk factor in short-term CVC-related infections, 300 
Hub contamination, 116 

in long-term hemodialysis catheterization, 500 
in pathogenesis of PVC-related infection, 334 

Hub cultures, 54 
in CoNS infections with valuable catheters, 180 
limitations of, 55 
methods of, 51, 52 
predictive value of, 54 

Hydrocephalus shunts, 118, 446 
diagnosis and clinical features of shunt infections, 451–453 
etiology and pathogenesis of shunt infections, 445–451 
opportunities for bacterial access during surgery, 449 
prevention of infection, 459–462 
treatment of shunt infections, 453–458 

Hydrogel coating, in shunt devices, 460–461 
Hydrophobicity, role in microbial adherence, 331 
Hyperalimentation: 

correlation with fungal infections, 234 
Malassezia fufur infections in pediatric patients undergoing, 234 
as risk factor for fungal infections, 237 
as risk factor for site colonization and infection, 344 

 
IcaADBC locus, 172–173 
Immobilized platelets, interaction with coagulase-negative staphylococci, 171 
Immunocompromised patients: 

gram-negative organisms and fungi among, 91 
most frequently isolated pathogens in, 300 
risk of catheter-related fungal infections in, 231, 243 
risk of recurrent peritonitis in CAPD, 483 
susceptibility to miscellaneous organisms in, 256 
vascular access-related infections in chronic hemodialysis, 499–500 

Immunosuppression: 
as risk factor for CRI, 91 
and risk of hemodialysis catheter-associated infection, 503 

Impaired mucosal/skin barriers, and disseminated fusariosis, 243–244 
Implantable ports, 353–355, 425–427. 

See also Totally implantable intravascular devices (TIDs) advantages and disadvantages of, 433 
in hemodialysis, 499 
for intraspinal drug delivery, 469 
lower rates of pediatric infection with, 537 
maintenance costs of, 432–433 
preferred in children and active adults, 433 
treatment of pediatric infections by antibiotics alone, 534 
used in central nervous system, 445 
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Improper sterilization, of medical equipment, 205 
In-line filters, 100 

in prevention of CAPD infection, 490 
Incorporation bias, 47 
Increased instrumentation, as risk factor for infection in pediatric ICUs, 518 
Indwelling vascular catheters:  

importance of evaluating fevers in presence of, 79 
and thrombosis, 29–30 

Infection rates: 
correlation with catheter colonization, 23–24 
expressed in patient-days vs. catheter-days, 15 
for pulmonary artery catheters, 380–381 

Infections: 
associated with intravascular devices, 1–15 
correlation with catheter-related thrombosis, 28–29 
distinguishing from contamination via roll plate method, 42 
as surrogate marker of patient morbidity, 15 

Infectious complications: 
of chronic peritoneal dialysis, 480–481 
of long-term central venous catheters, 427–428 
of peripheral arterial catheters, 397–411 
of pulmonary artery catheters, 39–397 
of Staphylococcus aureus bacteremia, 146 
of urinary catheter-associated infections, 559–560 

Infectious Diseases Society of America: 
CVC-related infection diagnostic guidelines, 529 
guidelines for management of intravascular catheter-related infections, 529–535 

Inflammatory response, in CAPD peritonitis, 482 
Infusate contamination, 38, 91 

bloodstream infections caused by, 204–206 
in catheter-related fungal infections, 234 
in catheter-related hemodialysis infections, 500 
as extrinsic risk factor for CRIs, 26 
in long-term central venous catheters, 430 
in pathogenesis of phlebitis, 329–330 
of peripheral arterial catheters, 398 
of pulmonary artery catheters, 387–388, 396 

Infusate pH, in pathogenesis of phlebitis, 329–330 
Infusate-related bloodstream infections, defined, 40 
Infusion fluid, as source of microorganisms, 26 
Infusion system maintenance, in prevention of PVC-related infection, 368–369 
Infusion therapy, 294 
Injectate contamination, of pulmonary artery catheters, 388 
Inline filtration: 

of infusion fluids, 358 
recommendations for prevention of PVC-related infection, 363 

Insertion cost, of catheters at M.D.Anderson Cancer Center, 432 
Insertion site: 

dressing as risk factor for colonization and infection, 343 
heavy cutaneous colonization with pulmonary artery catheters, 383, 384 
optimal for CVCs, 310–311 
in pathogenesis of phlebitis, 328 
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in prevention of PVC-related infection, 363 
as risk factor for peripheral arterial catheter-related infection, 440 
subclavian vein for pulmonary artery catheters, 384 

Intensive care units (ICUs): 
attributable mortality for bloodstream infections in, 296 
central venous catheter-related infections in, 77 
likelihood of developing fungal infections in, 239 
most frequently isolated pathogens in, 300 
nosocomial infections in, 2 
paired quantitative blood cultures validated for, 59 
prevalence of urinary catheters in, 553–554 
risk factors for fungal infection in, 240 
risk of CRBSI in, 90 
sequence of initial colonization in, 27 
use of central venous catheters in, 293 

Interleukin-2 therapy: 
and increased risk of Staphylococcus aureus bacteremia, 145 

with tunneled central venous catheters, 428 
intravenous oxacillin prophylaxis for, 152–153 

Intermittent catheterization:  
and decreased risks of UTIs, 562 
preferred over long-term indwelling urinary catheterization, 566 

Internal juglar catheters, and thrombosis risk, 29 
Internal shunt infection, 448 
International guidelines, for prevention of CRI, 102–105 
International Society for Burn Injuries (ISBI), 298 
Interventional radiology, 353 
Intra-abdominal infections, following trauma or surgery, 2 
Intraluminal blood clotting, decreased risk with Groshong catheters, 426 
Intraluminal route, 38 

hub cultures reflecting, 54 
in spread of peripheral arterial catheter infection, 404  
in spread of Staphylococcus aureus infection, 141–142 
in urinary catheter-associated infections, 552 

Intraspinal drug delivery device infections, 467–468 
Intravascular catheter-related infections, management of, 77–83 
Intravascular devices: 

antimicrobial-coated, 6–7 
bacterial adherence to, 92 
current uses for, 37 
definitions of infections associated with, 4–6 
difficulty of eradicating microbes from surface of, 81–82 
epidemiology of infections associated with, 6–10 
impact of infections associated with, 10–13 
infections associated with, 1–15 
as risk factor for nosocomial infections, 2 
unnecessary removal of, 37 

Intravenous anesthetic contamination, 205, 207 
Intravenous oxacillin prophylaxis, 152 
Introducer hubs, as source of infection for pulmonary artery catheters, 387, 389 
Introducer tips: 

culturing, 47 
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Listeria monocytogenes, 271, 278 
in chronic peritoneal dialysis infections, 481 
in hydrocephalus shunt infections, 451 

Local infection: 
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frequency of gram-negative organisms associated with, 203 
fungal infections with use of, 233 
hub colonization in pathogenesis of infection, 334 
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as etiologic agent of tinea versicolor, 244 
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association with coagulase-negative staphylococci, 166 
association with pulmonary artery catheters, 379 
for bloodstream infections in surgical ICUs, 296 
in Candida and mold infections, 309 
with candidal bloodstream infections, 241 
of candidemia in neonates, 527–528 
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of pediatric CVC-related infections, 516–517 
of peripheral arterial catheter-related infection, 408 
of PVC-related colonization and infection, 330–335 
of PVC-related phlebitis, 328–330 
of urinary catheter-associated infections, 552–553 
of vascular catheter infections, 23–30 

Patient dignity: 
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microbiology of CRI-associated organisms in, 525–526 
molecular epidemiology in, 522 
morbidity and mortality in, 522–523 
paired quantitative blood cultures in, 58 
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diagnosis of, 345–349 
etiology of, 337–338 
risk factors for, 345 

catheter-related infection: 
clinical manifestations, 335 
diagnosis of, 345–349 
pathogenesis, 330–335 
preventive strategies for, 358, 359–364, 365–369 
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Persistent bacteremia, associated with delayed catheter removal, 149 
Phenotyping, of CoNS strains in pediatric studies, 524 
Phlebitis:  

aseptic, 327, 434 
associated with peripherally inserted central venous catheters, 427, 433 
clinical manifestations of, 335 
epidemiology of peripheral venous catheter-related, 338–345 
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Postmeningitic hydrocephalus, shunting of patients with, 450–451 
Pour plate cultures: 

for cancer patients, 57 
in quantitative blood cultures, 55 
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in pulmonary artery catheters, 380–381 

Quantitative methods, recommended by official guidelines, 47–48 
Quantitative skin microbiology, 25 
Quinolones: 

in therapy of suspected CVC-related infections, 305 
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Saprophytic microorganisms, 255, 264 
Scanning electron microscopy, 171 

for rapid diagnosis of fungal infection, 63 
Seborrheic dermatitis, 25 
Secondary bacteremia, 6 

due to catheter-related Staphylococcus aureus infection, 141 
Seldinger technique, vs. new venous puncture, 99–100 
Semiquantitative catheter-tip culture, 41–44, 352 

compared with acridine orange technique, 348–349 
in diagnosis of CoNS infections, 178 
in diagnosis of CRBSI, 295 
in diagnosis of fungal infections, 236, 246 
in diagnosis of PVC-related colonization/infection, 347 
for pulmonary artery catheters, 380–381 

Sensitivity, 47 

Inedx     559



of AOLC test, 65 
of broth cultures, 42 
of cultures plated at bedside, 44 
of gram staining of blood from catheter, 65 
of microbiological diagnostic methods, 301 
of paired quantitative central blood cultures, 58, 60 
of quantitative diagnostic methods, 55–56 
of roll plate method, 42 
of sonication of subcutaneous segment, 46, 48 

SENTRY Antimicrobial Surveillance Program, 198 
Sepsis: 

definitions of, 5–6 
epidemiology of, 10 
infusion-related, 204–206 
and intravascular devices, 2 
transfusion-related, 205 

Septic arthritis, 148 
Septic embolism, 335 
Septic phlebitis, 148, 151 
Septic pulmonary emboli, as complication of pulmonary artery catheter-related infection, 391 
Septic shock, 10 

as complication of gram-negative bacterial infections, 214 
diagnostic methods for, 69 

Septic thrombophlebitis, 334, 335 
clinical manifestations of, 346 
as complication of pulmonary artery catheter-related infection, 391, 393 
etiology of, 338 
rare in CVC-related infection, 295 
rates of PVC-related, 342 
signs of, 296 
venoconstriction as pathogenetic mechanism for, 358 

Septicemia, as systemic infection, 39 
Serological testing, for diagnosis of CRI due to CNS, 65 
Serratia spp., 200, 203 

catheter-related infections caused by, 208 
Severe underlying illness: 

Acinetobacter baumannii infection in patients with, 210 
and increased risk of CVC-related infection in total parenteral nutrition, 299 

Short-course antibiotic therapy: 
controversies surrounding, 82–83 
for fungal infections, 246 
with pulmonary artery catheter-related infection, 393–394 
of Staphylococcus aureus infection, 148–149 

Short-term catheterization, 55 
by arterial catheters, 201 
extraluminal route of colonization with, 38 
frequency of gram-negative infections associated with, 200 
indications for urinary catheter use, 566 
low rates of infection from peripheral intravenous catheters, 199 
microbiology of, 300–301 
and microbiology of UTIs, 559 
by nontunneled central venous catheters, 199 
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paired quantitative blood cultures validated for, 59 
preferred sites for, 311 
by pulmonary artery catheters, 199, 201 
recommended antibiotic therapy for, 305–306 
removal criteria in total parenteral nutrition, 299–300 
tracking infections among patients with, 6 

Shunt infections: 
causative organisms of, 448–450 
costs and consequences of, 448 
defined, 446–448 
diagnosis and clinical features of, 451–453 
duration of therapy for, 458 
etiology and pathogenesis of, 446–451 
incidence of, 448 
necessity of shunt removal in, 455–456 
prevention of, 458 
recommended treatment for, 455–456 
treatment of infections from gram-negative bacilli, 456–457 

Shunt soaking, 460 
Silicone: 

accumulation of infected clots under, 46 
adherence of coagulase-negative staphylococci to, 166 
in central venous catheters, 294 
coating with silver-based materials, 109–110 
in hemodialysis catheters, 505 
in hydrocephalus shunts, 446, 461 
Ommaya reservoirs for ventricular access, 466 
preferential adherence of Staphylococci to, 429 
risk of infection with, 95, 302 
and thrombosis risk, 29 
in tunneled central venous catheters, 201–202 
use in long-term central venous catheters, 425 

Silver: 
clinical studies with intravascular catheters, 113 
cost of urinary catheters coated with, 568 
decreasing adherence of Staphylococcus aureus to catheters, 153 
efficacy of coating CVC cuffs with, 303 
in hydrocephalus shunting devices, 460–461 
impregnating cuffs in prevention of CoNS infections, 181, 333–334 
use in coating of polymer devices, 108–110, 116  
use in coating of urinary catheters, 561 

Silver-containing urinary catheters, 117 
Silver sulfadiazine, 303–304 

decreasing risk of CRIs, 26 
in long-term central venous catheters, 436–437 

Silversulfadiazine, 118 
Single-lumen catheters, recommended in total parenteral nutrition, 299 
Site care: 

and incidence of fungal infections, 235 
in prevention of PVC-related infection, 360, 364 
of tunneled central venous catheters, 433 

Site colonization. See Colonization 
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Site dressing regimens: 
for peripheral arterial catheters, 402 
in prevention of PVC-related infection, 360–361 
with pulmonary artery catheters, 386 

Site preparation, 365–366 
Skin cultures: 

high negative predictive value of, 55 
lack of sensitivity, 51, 52 
limitations of, 55 
methods of, 51 
predictive value of, 54 

Skin desquamation, association with Staphylococcus aureus infection, 145 
Skin disinfection, for CVCs, 311–312 
Skin flora: 

associated with hydrocephalus shunt insertion, 449 
in external drainage device infections, 462 
in pathogenesis of hemodialysis-related infections, 500 
as source of coagulase-negative staphylococci, 166 
as source of microorganisms, 26, 38, 333 
as source of pulmonary artery catheter infection, 387 
yeast colonization of catheter hub via, 235 

Slime: 
adverse effect on host response, 331 
contributing to resistance of opsonophagocytosis, 174 
elusive composition of, 171–172 
in infections involving long-term central venous catheters, 429 
in pathogenesis of coagulase-negative staphylococci infection, 166–167, 171–174 
in pathogenesis of pulmonary artery catheter-related infections, 390 

Slime-associated antigen (SAA), 167 
Sodium chloride solutions, supporting growth of gram-negative bacteria, 213 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis, 176 
Sonication broth, centrifuged-prepared Gram stain of, 63 
Sonication method, 44, 45, 301 

higher sensitivity than roll plate method, 302 
Specificity, 47 

of gram staining of blood from catheter, 65 
lacking for roll plate method, 42, 48 
of microbiological diagnostic methods, 301–302 
of paired quantitative blood cultures, 58, 60 
of tip-roll vs. tip-flush method, 48 

Sphingomonas paucimobilis, 258, 263, 281 
Spinal cord injury, urinary catheter-associated UTI as medical complication in, 556–557 
Splenomegaly: 

in CoNS infections, 178 
as manifestation of endocarditis, 147 

Staphylococcal surface proteins, 168 
Staphylococcus spp.: 

as causative organisms of hydrocephalus shunt infections, 448 
preferential adherence to silicone, 429 
risk of infection in interleukin-2 therapy, 428 
Staphylococcus epidermidis peritonitis, 483 
Staphylococcus aureus, 29, 77, 81 
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association with purulence at insertion site, 24 
binding to fibronectin and fibrinogen, 331 
catheter-related bloodstream infections due to, 40, 141 

clinical manifestations of, 146–148 
incidence of, 143 
mortality due to, 143–144 
pathogenesis of, 141–143 
prevention of, 151–153 
risk factors for, 144–146 
therapy of, 148–151 

as causative agent in pediatric CRIs, 524 
CRI-associated mortality in pediatric oncology units, 523 
in endstage HIV patients, 25 
in hemodialysis catheter-related infections, 500, 503–504 
infection in chronic peritoneal dialysis, 481 
management of CVC-related sepsis in neonates, 531–532  
methicillin resistant, 301 
morbidity and mortality due to, 141 
as most frequently isolated pathogens in total parenteral nutrition, 300 
mupirocin resistance in, 99 
nasal carriers and risk of infection, 144, 298 
optimal duration of systemic treatment for, 82–83 
purulence of, 142 
risk among HIV and AIDS patients, 298 
risk factors for catheter-related infection by, 144–146 
signs and symptoms of CVC-related neonatal infection, 527 
therapy for CVC-related infections, 308 

Staphylococcus epidermidis, 24–25, 29 
association with pulmonary artery catheters, 381–383 
association with use of vascular catheters, 165 
biofilm formation with, 28 
as causative organisms of hydrocephalus shunt infections, 448 
in infections from peripheral arterial caterers, 399 

Staphylococcus marcescens, 205, 213 
Steel cannulae, 95 

vs. plastic catheters, 330 
Stenotrophomonas maltophilia, 200, 257,263,281 
Sterile gloves, in prevention of CRI, 96 
Sternoclavicular arthritis, as complication of Staphylococcus aureus infection, 148 
Stopcocks: 

contamination in peripheral arterial catheters, 404 
minimizing number in pulmonary artery catheters, 396 

Streptococci, in CAPD infections, 481 
Subclavian vein insertion: 

as insertion site for CVCs, 311 
low infection rate for hemodialysis patients with, 502 
of nontunneled subclavian central venous catheters, 426–427 
preferred for pulmonary artery catheters, 380, 394–395 
and risk of CRI, 96 
Staphylococcus aureus infections related to, 148 
and thrombosis risk, 29 

Subcutaneous catheter segment culture, 45–46, 331–334 
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Subcutaneous ports, reduced Staphylococcus aureus infection rates with, 151 
Superficial suppurative thrombophlebitis, 39 

defined, 40 
Suppurative thrombophlebitis, 334 

Candida spp. in pathogenesis of, 236 
as complication of gram-negative bacterial infections, 214 
in CVC-related infection, 296 
fungal, 241–242 
isolation of Candida spp. in, 242 
prevention strategies for, 245 

Suprapubic catheters, 562 
preferred over long-term indwelling urinary catheterization, 566 

Surgical site infections: 
in hydrocephalus shunting, 449 
in ICUs, 2 

Surveillance: 
in prevention of catheter-associated UTIs, 565 
in prevention of CRI, 101–102 
in prevention of hemodialysis catheter-related infections, 508–509 
in prevention of PVC-related infection, 359 

Surveillance definitions, vs. clinical definitions, 294 
Swan-Ganz catheters, 47 

antimicrobial approaches to, 112–113 
benzalkonium chloride coating of, 303  
duration of catheterization, 385–386 
incidence of infection related to, 382  
microbial profile of infection from, 383  
and rates of gram-negative bacterial infection, 199, 201 
strict aseptic precautions needed for, 96 

Systemic infections, 38–41 
lack of sensitivity/specificity of signs, 41 

Systemic inflammatory response, 10 
Systemic yeast infections, Malassezia fufur, 234 

 
T-cell proliferation, retarded by extracellular slime substance, 175 
T-cell surface antigen presentation, retarded by extracellular slime substance, 175 
Teflon catheters, 204, 329 

adherence of coagulase-negative staphylococci to, 166 
low rates of catheter infection, 142 
peripheral, 356 
peripheral arterial, 397 

Teicoplanin, 306, 464 
decreased susceptibility in neonatal ICUs, 530 
prophylactic use of, 314 

Tenckhoff catheters: 
bacterial adherence to, 481 
in chronic peritoneal dialysis, 480 
colonization of, 481 
exit-site infections of, 485–486 
removal in peritonitis, 487 

Thoracic central vein suppurative thrombophlebitis, 40–41 
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Threshold sensitivity: 
for roll plate method, 42 
of tip-flush technique, 44–45 

Thrombogenicity, of catheter material, 91, 105–107 
Thrombosis: 

association with superficial suppurative thrombophlebitis, 39–40 
decreased risk with heparin, 29 
risk in hemodialysis grafts, 505 
risk with catheterization, 28–29 
risk with femoral insertion, 96 

Thrombospondin: 
in pathogenesis of coagulase-negative staphylococci infection, 170 
promoting adherence of Staphylococcus aureus to catheter surfaces, 142 

Thrombus formation: 
increasing risk of pulmonary artery catheter infection, 387 
as risk factor for device infection, 170 

Tip-flush culture technique, 44–45 
Tip roll method, specificity of, 48 
Tobraymycin, 309 
Topical antiinflammatory agents, 101 
Topical antimicrobials, in prevention of CRI, 98–99 
Total parenteral nutrition: 

catheter-related infections in pediatric patients, 523 
central venous catheters for, 293 
duration as risk factor for candidemia, 240 
guidewire exchange for, 49 
hub cultures for patients with, 54 
intraluminal route of colonization with, 38 
IV teams reducing risk of Staphylococcus aureus bacteremia in, 152 
most frequently isolated pathogens in, 300 
organisms causing CRI in patients with, 51 
paired quantitative blood cultures validated for, 59 
recommendations for CVC use/ management in, 298–300  
recommendations for guidewire exchange in, 313 
as risk factor for nosocomial candidemia, 239 
as risk factor in neonatal ICUs, 518 
stability of vancomycin therapy in, 82 
targeted skin cultures for infected patients, 301 
tunneled central venous catheters used in, 201, 426, 428 
use of intravascular devices in, 37 
using peripheral venous catheters, 356 

Totally implantable intravascular devices (TIDs), 46–47 
CRIs due to miscellaneous organisms with, 256 
and gram-negative bacterial infections, 202, 204 
nosocomial fungemia with, 243 
preferred by total parenteral nutrition patients, 299 
skin and hub cultures impracticable for patients with, 55 

Transdermal glyceryl trinitrate, 357–358 
Transducer fluid contamination, in peripheral arterial catheters, 402, 404–405 
Transducers: 

contamination of, 398, 404 
faulty decontamination of components, 406 
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of peripheral arterial catheters, 397 
Transesophageal echocardiography: 

determining optimal duration of systemic therapy via, 83 
in diagnosis of endocarditis, 147–148 

Transfusion-related sepsis, 205 
Transmigration, of Gram-positive pathogens in CAPD, 481 
Transparent dressings: 

higher risk of Staphylococcus aureus infection with, 152 
in prevention of PVC-related infection, 367–368 
with pulmonary artery catheters, 395–396 
vs. gauze dressings, 98, 312 

Transposon mutagenesis, 168 
Trichosporon capitatum, 243 
Trimethoprim, efficacy in shunt infections, 453 
Tsukamurella paurometabolum, 272, 281 
Tuberculous meningitis, shunting of patients with, 450–451 
Tunnel infections, 38, 39, 217, 427 

in chronic peritoneal dialysis, 481 
defined, 40 
indefinition of CRI, 295 
in external ventricular drainage, 462, 464 
management of CoNS with, 179–180 
management of hemodialysis catheter-related, 506 

Tunneled catheters, 425–426 
advantages and disadvantages of, 432–433 
cost savings of, 432 
in hemodialysis, 499, 500 
high cost of surgical implantation, 434 
insertion and removal difficulties with, 433 
nosocomial fungemia with, 242–243 
preventive strategies for, 434–435 
recommended for HIV and AIDS patients, 298 
reducing risk of Staphylococcus aureus infection, 151 
in very low birthweight infants, 353 

Typing methods, for coagulase- negative staphylococci, 176 
 

Ultrasonication diagnostic technique, 45 
recommended for specificity, 48 

Umbilical artery catheterization: 
as risk factor for nosocomial candidemia, 240 
strategies for prevention of pediatric infection from, 535–536 

Underdiagnosis, 78, 79 
United Kingdom, preventive guidelines issued by, 102–103 
Unnecessary catheter removal, 90 
Unpaired quantitative blood cultures, 56 
Unspecific adherence, 92–93 
Unusual pathogens. See Miscellaneous organisms 
Urea reduction ratio, as measure of dialysis adequacy, 503 
Urinalysis, inadequacy in asymptomatic UTIs, 561 
Urinary catheters: 

antimicrobial-coated, 561–562 

Inedx     566



closed drainage system of, 567 
diagnosis of associated infections, 560–561 
external (condom) catheters, 562 
indications for short-term use, 566 
indwelling type, 561 
infections associated with, 551 
intermittent catheterization with, 562 
management of associated infections, 563–565 
microbiology of associated infections, 558–559 
patient satisfaction with, 463 
prevalence of, 553–554 
risk factors for bacteremia, 556 
risk factors for bacteriuria, 555 
suprapubic catheters, 562 

Urinary collecting bag, increasing antibacterial solutions in, 567 
Urinary dipstick test, 560–561 
Urinary incontinence: 

improved with intermittent catheterization, 563 
in long-term care facilities, 557 

Urinary tract infections: 
associated with gram-negative organisms, 197 
associated with urinary catheters, 551–569 
asymptomatic, 559–560 

diagnosis of, 560–561 
low risk of complications from, 563–564 

bacteremia s complication of catheter-related, 559 
CDC surveillance definitions for hospital-acquired, 560–561 
clinical manifestations and complications of, 559–560 
decreased risk with intermittent catheterization, 562 
diagnosis of catheter-related, 560–561 
due to chlorhexidine resistance, 111–112 
in ICUs, 2, 3 
incidence of catheter-related, 554–555 
microbiology of, 558–559 
as most frequently reported nosocomial infections, 551 
pathogenesis of, 552–553 
in spinal cord injury patients, 556–557 
and urinary incontinence in long-term care facilities, 557 

 
Vacuum pumps, contamination and fungal infections, 239 
Van der Waals forces, 168 

in pathogenesis of CRI, 92 
Vancomycin, 305, 403 

combined with salicylic acid to retard biofilm formation, 174 
CoNS resistance to, 177 
Corynebacterium spp. resistance to, 270 
discouraged for routine prophylaxis in hemodialysis patients, 508 
as drug of choice: 

in neonatal ICUs, 530 
in pediatric oncology/hematology, 533–534 
for serious MRSA infection, 308 

Inedx     567



Enterococcus spp. resistant to, 268, 314, 436 
in external ventricular drainage infections, 464 
failure rates with Staphylococcus aureus bacteremia, 83 
for fistula- and graft-related infections in hemodialysis, 506 
organisms resistant to, 26 
prophylactic use of, 314 
resistance of Staphylococcus aureus to, 150 

in hemodialysis patients, 504 
in pediatric patients, 536 

stability in total parenteral nutrition and heparin solutions, 82 
in therapy of CoNS infections, 306 
in therapy of hemodialysis catheter-related infections, 507 
in treatment of CAPD peritonitis, 488–489 
in treatment of intraspinal drug delivery device infections, 468 
use in shunt infections, 454–455 

Vascular access-related infections: 
incidence of hemodialysis access-associated bacteremia, 501 
as serious complication of chronic hemodialysis, 499–500 
vascular access type as risk factor in, 502 

Vascular catheter infections: 
microbiology of, 24–25 
pathogenesis of, 23–30 
sources of microorganisms, 27 

Vascular prostheses, Dacron-based, 107 
Vein selection, for peripheral venous catheters, 357 
Vein thrombosis, as complication of peripherally inserted central venous catheters, 434 
Ventricular access reservoirs, 465–467 
Ventricular catheters, 447 

in ventricular access reservoirs, 465 
Ventricular reservoir infections, 466–467 
Ventriculitis, 448, 462, 464 
Ventriculoatrial shunt route, 447 
Ventriculoperitoneal shunts: 

infections presenting as recurrence of hydrocephalus, 453 
route of, 447 

Vertebral osteomyelitis, as complication of candidemia, 248 
Vialon catheters, 329 
Virulence factors, in CoNS catheter infection, 174–176 
Visceral perforation, treatment of shunt infections due to, 457 
VitaCuff, 116 
Voriconazole, 533 
Vortexing method, 44, 45 

sensitivity of, 48 
 

Wound/soft tissue infections, in ICU patients, 3 
 

XII Consensus Conference on Intravascular Catheter-Related Infections of the French Society of 
Critical Care, 49 

 
Yeast overgrowth. 

see also Systemic yeast infections: 
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due to broad-spectrum antibiotics, 235 
management in neonatal ICUs, 532–533 

Youden index, 59 
 

Zero adhesion, infeasibility of, 107  
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