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Intravascular catheter-related infections: advances in 
diagnosis, prevention, and management
Issam Raad, Hend Hanna, Dennis Maki

Indwelling vascular catheters are a leading source of bloodstream infections in critically ill patients and cancer 
patients. Because clinical diagnostic criteria are either insensitive or non-specifi c, such infections are often 
overdiagnosed, resulting in unnecessary and wasteful removal of the catheter. Catheter-sparing diagnostic methods, 
such as diff erential quantitative blood cultures and time to positivity have emerged as reliable diagnostic techniques. 
Novel preventive strategies include cutaneous antisepsis, maximum sterile barrier, use of antimicrobial catheters, and 
antimicrobial catheter lock solution. Management of catheter-related bloodstream infections involves deciding on 
catheter removal, antimicrobial catheter lock solution, and the type and duration of systemic antimicrobial therapy. 
Such decisions depend on the identity of the organism causing the bloodstream infection, the clinical and 
radiographical manifestations suggesting a complicated course, the underlying condition of the host (neutropenia, 
thrombocytopenia), and the availability of other vascular access sites. 

Introduction
The use of vascular catheters is essential for the care of 
critically ill and chronically ill cancer and haemodialysis 
patients.1,2 However, vascular catheter-related bloodstream 
infections (CRBSIs) have become a leading cause of 
health-care-associated bloodstream infections and are 
associated with substantial morbidity and mortality.3–6 
More than 250 000 vascular catheter-related bacteraemias 
and fungaemias occur annually in the USA with an 
attributable mortality ranging from 12% to 25% in 
critically ill patients,7,8 with an added cost ranging from 
US$3000 to $56 167.9,10 

Over the past decade, new knowledge in the 
epidemiology and pathogenesis of CRBSIs has led to 
advances in the diagnosis, prevention, and management 
of such infections. This Review will highlight these 
recent developments and outline the evidence supporting 
novel approaches, methods, and technologies for the 
control of CRBSIs.

Types of intravascular devices
In addition to the pulmonary artery catheters, midline 
catheters, and peripheral vascular catheters (venous and 
arterial), there are a number of diff erent central venous 
catheters (CVC) available with varying insertion 
techniques, sizes, and catheter materials. CVCs can be 
single, double, or triple-lumen.

Non-tunnelled and tunnelled CVCs
Non-tunnelled CVCs may be made of polyurethane or 
silicone materials and they are inserted into either the 
peripheral venous system (subclavian vein) or the neck 
(jugular vein) through a percutaneous stick, where the 
catheter tip is advanced until it rests into the superior 
vena cava. These short-term catheters can be placed in 
outpatient non-surgical settings and can be exchanged 
over a guidewire.

By contrast, tunnelled CVCs are long-term catheters 
tunnelled surgically under the skin for several inches to 
the cannulated vein. The proximal end exits via a 

subcutaneous tunnel from the lower anterior chest wall. 
A felt Dacron cuff  is used to anchor the catheter in place 
subcutaneously, where eventually it becomes enmeshed 
with fi brous tissues. The catheter is therefore securely 
anchored, making it more stable and less likely to be 
pulled out accidentally. The cuff  also creates a tissue 
interface that acts as a barrier against the migration of 
microorganisms. A further modifi cation of these 
tunnelled catheters led to the development of the 
Groshong catheter, which unlike the traditional open-
ended catheters has a rounded closed tip, with an adjacent 
two-slit valve that remains closed unless the catheter is in 
use, hence reducing the risk of intraluminal blood 
clotting or infusion of air when the catheter is not in use. 
The valve also eliminates the need for routine clamping 
of the catheter.

Implantable ports
Ports are implantable vascular access devices that are 
made of plastic or titanium material and inserted 
completely beneath the skin, connected to the catheter 
tube. Ports are surgically placed as either a central 
subclavian port in the subcutaneous pocket of the upper 
chest wall, or as a peripheral port in the antecubital fossa 
of the arm. Ports are available as single or double-lumen 
catheters, with or without the Groshong valve.

Peripherally inserted CVCs
The use of peripherally inserted CVCs has gained 
acceptance as a method for long-term venous access 
(6 weeks to 6 months). This type of catheter is made of 
silicone or polyurethane material and may or may not 
have the Groshong valve. The catheter is inserted 
peripherally at or above the antecubital space into the 
cephalic, basilic, medial cephalic, or medial basilic vein, 
after which it is advanced into the superior vena cava 
above the right atrium. A peripherally inserted CVC is 
usually placed in a non-surgical outpatient setting, under 
local anaesthesia, and it can be placed by a skilled and 
trained infusion therapy nurse.
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Clinical manifestations and defi nitions
The clinical manifestations of catheter-related infections 
can be systemic, which include CRBSIs, or local, where 
the clinical manifestations of the infection occur at the 
insertion site or tunnel track.11  

Local catheter infections
Local catheter infections are defi ned as an exit site 
infection, tunnel infection, or pocket infection. As shown 
in fi gure 1, local catheter infections are often characterised 
by infl ammatory manifestations, including induration, 
erythema, warmth, and pain or tenderness at or around 
the catheter exit site.11 Local catheter infections can be 

associated with CRBSIs; however, on their own, they 
cannot be relied on to identify or predict a CRBSI,12 and 
could exist independently of a systemic infection.13

Systemic catheter infections
CRBSI should be considered when a patient with a CVC 
presents with bacteraemia or fungaemia in the presence 
of signs and symptoms of systemic infection, such as 
fever, chills, and hypotension in the absence of 
hypovolaemia or a cardiac event. Hence, probable CRBSI 
can be diagnosed by one or more positive blood cultures 
obtained from a peripheral vein, when there is no 
apparent source for the bloodstream infection except the 
catheter. In addition to the above, the Infectious Diseases 
Society of America (IDSA)11 has suggested one of the 
following microbiological methods to confi rm diagnosis 
of CRBSI: (1) positive semiquantitative or quantitative 
culture of the catheter; (2) simultaneous quantitative 
blood cultures drawn through the CVC and peripheral 
vein with a ratio of 5:1 or more (CVC versus peripheral); 
or (3) diff erential time to positivity.

Diagnosis: quantitative methods
The diagnosis of CRBSI remains a major challenge. 
Fever and chills that are often associated with CRBSI are 
not specifi c and local catheter site infl ammation is 
associated with sensitivity of 3% or less.11,12 Furthermore, 
local catheter infl ammation and phlebitis could exist in 
the absence of CRBSI or even a local infection, as has 
been reported with peripherally inserted central 
catheters.13 Therefore, microbiological evidence 
implicating the catheter as a source of the bloodstream 

Figure 1: Drained infusion port pocket abscess with evidence of intravascular 
device-related infl ammation
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Figure 2: Diagnosis of acute febrile episode in a patient with central venous catheter
CVC=central venous catheter. DTP=diff erential time to positivity. *A blood culture is considered positive if the ratio of colony forming units growing from simultaneously 
drawn central and peripheral blood is ≥5:1 or the DTP is ≥2 h (central blood culture turns positive before simultaneously drawn peripheral blood culture).
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infection is necessary for establishing a diagnosis of 
CRBSI (fi gure 2). Several older qualitative culture 
methods involving the catheter segment or blood drawn 
through the catheter have been studied, but have been 
found to be associated with limited sensitivity and 
specifi city.14–16 Similarly, other quantitative culture 
methods of the insertion site or catheter hub have been 
associated with a limited specifi city and positive predictive 
value.17–21 The methods outlined below have been studied 
the most during the past decade and most of them have 
shown promising results (table). These diagnostic 
approaches can be divided into two major groups: those 
that necessitate catheter removal and those that can be 
done without the removal of the catheter. 

Catheter-sparing diagnostic methods
Simultaneous quantitative blood cultures
The fi rst method involves obtaining paired blood cultures 
drawn simultaneously from the CVC and the peripheral 
vein. Although several quantitative blood culture methods 
are available, one of the most widely used techniques sees 
a 10 mL blood sample placed in an isolator tube 
(Isolator 10, Wampole, Granbury, NJ, USA) for quantitative 
culturing by lysis centrifugation.30 When the quantitative 
blood culture drawn through the CVC yields a colony 
count that is several-fold higher than that obtained from 
simultaneously drawn blood of the peripheral vein, the 
result is considered to be predictive of CRBSI. Since 
studies have reported diff erent cut-off  points for a positive 

diagnosis ranging from two-fold to ten-fold,31–36 the IDSA 
accepted a midpoint level whereby a colony count that is 
fi ve-fold or greater from blood culture drawn through the 
CVC versus peripheral vein is indicative of CRBSI 
(fi gure 2). Simultaneous quantitative blood culture was 
found to be the most accurate test for diagnosis of CRBSI 
in a meta-analysis22 of studies of diagnostic tests (pooled 
sensitivity and specifi city for short-term catheters 75% and 
97%, respectively, and for long-term catheters 93% and 
100%, respectively), particularly when compared with a 
gold standard involving quantitative catheter culture 
methods. However, the use of the simultaneous 
quantitative blood culture technique has been limited 
because it is labour intensive and expensive.   

Diff erential time to positivity
Diff erential time to positivity is a simple technique and 
involves simultaneous qualitative blood cultures drawn 
through the catheter and a peripheral vein.37–43 Regular 
blood cultures are routinely placed in an automatic 
culture detector that records culture positivity every 
15 min according to changes in fl uorescence related to 
microbial growth. Several studies indicated that defi nite 
diagnosis of CRBSI is established when the blood culture 
drawn from the CVC becomes positive at least 2 h earlier 
than the blood culture drawn from the peripheral 
vein.37,38,43 A meta-analysis found the pooled sensitivity 
and specifi city for this method of diagnosing CRBSI in 
short-term catheters to be 89% and 87%, respectively, 

Diagnostic criteria Accuracy Disadvantages

Sensitivity Specifi city

Techniques without CVC removal

Simultaneous quantitative blood 
cultures

Quantitative blood culture drawn through 
CVC yields CFU count fi ve-fold higher or 
more than CFU count from simultaneously 
drawn blood from peripheral vein

93%22 97–100%22 Labour intensive, costly

Diff erential time to positivity Blood culture drawn from CVC becomes 
positive ≥2 h before simultaneously drawn 
blood culture from peripheral vein

89–90%22 72–87%22 Hard to interpret when patient 
is taking antibiotics through the 
CVC

CVC-drawn quantitative blood culture Quantitative blood culture from CVC is 
≥100 CFU/mL

81–86%22 85–96%22 Cannot diff erentiate between 
CRBSI and high-grade 
bacteraemia

Acridine orange leucocyte cytospin Presence of any bacteria 87%23 (96% if 
followed by 
Gram stain24)

94%23 (92% if 
followed by 
Gram stain24)

Not widely tested or used

Endoluminal brush Quantitative culture with >100 CFU/mL 95%25 84%25 May induce bacteraemia, 
arrhythmia, embolisation

Techniques requiring CVC removal

Semiquantitative CVC tip culture, roll 
plate

≥15 CFU/mL from CVC tip 45–84%22,26,27 85%22,26,27 Unable to culture organisms 
embedded intraluminally

Quantitative CVC culture: 
centrifugation, vortexing, sonication

≥103 CFU from CVC tip 82–83%22 89–97%22 The cut-off  point of ≥103 CFU 
vs ≥102 CFU is not well defi ned

Microscopy of stained CVC: Gram stain 
and acridine orange staining

Direct visualisation of the microorganisms 84–100%28,29 97–100%28,29 Labour intensive, impractical

CVC=central venous catheter. CFU=colony forming units. CRBSI=catheter-related bloodstream infection.

Table: Microbiological diagnostic methods of catheter-related bloodstream infections
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compared with 90% and 72%, respectively, for long-term 
catheters.22 In view of the wide use of automated 
radiometric blood culture systems, in which blood 
cultures are continuously monitored for microbiological 
growth, it would be easy to include the assessment of 
diff erential time to positivity, with no added cost or 
labour. However, the interpretation of this diagnostic 
method could be compromised if antibiotics are given 
intraluminally at the time of drawing blood through the 
catheter, in which case colonised catheters may become 
falsely negative.43    

Catheter-drawn quantitative blood cultures
A single quantitative blood culture drawn through the 
CVC without an accompanying peripheral blood culture 
can also be used to diagnose CRBSI. The threshold 
required for a positive diagnosis is at least 100 colony-
forming units (CFU)/mL.33,44 However, this method 
cannot distinguish between CRBSI and high-grade 
bacteraemia, particularly in immunocompromised 
patients who have serious sepsis. Further studies are 
required to verify this method. 

Acridine orange leucocyte cytospin
Acridine orange leucocyte cytospin (AOLC) is a rapid 
diagnostic microscopy method, requiring 30 min. 1 mL 
of blood is drawn through the CVC and subsequently 
centrifuged, placed on slides, and stained with acridine 
orange before examination of the slides under ultraviolet 
microscopy.23,24,45–47 The presence of any bacteria indicates 
a positive diagnosis. The sensitivity and specifi city of 
this test have been reported to be 87% and 94%, 
respectively.23 AOLC followed by a Gram stain can 
facilitate the initial morphological distinction of the 
pathogens, increasing sensitivity to 96%.24 Although 
cost-effi  cient and simple, this test has not been widely 
used and has only been tested by a small group of 
investigators.

Endoluminal brush
A tapered nylon brush on a steel wire is passed through 
the catheter hub and lumen, withdrawn, and immediately 
placed in a buff ered container. This container undergoes 
sonication and vortexing after which the solution is 
cultured onto blood agar plates. Counts of greater than 
100 CFU/mL are deemed positive.25 This technique is 
based on the fact that bacteria adhere to the fi brin sheath 
on the inner surface of the CVC and fi brin becomes 
enmeshed in the brush’s bristles. Kite and colleagues25 
reported a sensitivity for the test of 95% and a specifi city 
of 84%. However, this method has been criticised as 
being impractical and risky, sometimes producing several 
side-eff ects, including arrhythmias, embolisation, and 
induced bacteraemia related to the disruption of existing 
biofi lm.22,48,49 The endoluminal brush method has not 
been widely used and further studies assessing its adverse 
eff ects are required. 

Diagnostic methods requiring catheter removal
Semiquantitative roll-plate catheter culture
In one of the most frequently studied diagnostic 
techniques, the distal segment of the CVC is cut and rolled 
against a blood agar plate at least four times before the 
plate is incubated overnight.22,49 Upon examination of the 
plate, a colony count of 15 CFU/mL or more can suggest 
catheter colonisation.50 Diagnosis of CRBSI is only 
confi rmed if catheter colonisation is associated with a 
positive peripheral blood culture revealing the same 
organism.26,51–57 The limitation of this method is that it only 
detects colonisation of the external surface of the catheter 
rather than intraluminal colonisation. This concern is 
augmented in long-term catheters in which luminal 
colonisation more frequently leads to bloodstream 
infections and in fi rst generation antiseptic catheters 
where only the external surface of the CVC is impregnated. 
Hence, the sensitivity of this method for diagnosing 
CRBSI in long-term CVCs (>30 days of dwell time) was 
found to range from 45% to 75%.26,27 Notably, the original 
study describing this method showed a correlation 
between short-term peripheral venous catheter 
colonisation and exit site infections.50 However, pooled 
sensitivity and specifi city for roll-plate catheter culture in 
14 trials involving short-term CVCs were calculated to be 
84% and 85%, respectively.22 Bouza and colleagues58 
calculated acceptable sensitivity and specifi city values for 
this technique of more than 90% for both short-term and 
long-term CVCs. However, long-term CVCs in this study 
were defi ned as those with only 7 days of dwell time or 
more. 

Quantitative catheter segment cultures
Several methods such as centrifugation,59 vortexing,60 and 
sonication27,55,61 have been used to retrieve organisms 
from both the external and internal surfaces of the 
catheter. The sonication method involves placing a 5 cm 
catheter segment in a 10 mL broth container and then 
sonicating the container for 1 min followed by vortexing 
for 15 s. 0·1 mL of the sonicated/vortexed broth and 
0·1 mL of a 1:100 dilution of the broth are subsequently 
streaked on blood agar plates and incubated at 35°C. The 
numbers of colonies are counted after accounting for the 
dilution and a count of more than 100 CFU per catheter 
segment is deemed positive. The advantage of sonication 
or vortexing is that these methods help release organisms 
from both the external and internal surfaces of the CVC. 
The disadvantage is that these methods release biofi lm 
organisms that might not be clinically relevant, whereas 
relevant planktonic organisms might be killed. The 
sonication and vortexing methods have been shown to 
have similar sensitivity and specifi city to the roll-plate 
method in diagnosing CRBSI in patients with short-term 
CVCs;58,62 however, for long-term CVCs, the sonication 
method was found to have higher sensitivity than the 
roll-plate method.27 The pooled sensitivity and specifi city 
of quantitative catheter segment culture for short-term 
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catheters were 82% and 89%, respectively, and 83% and 
97% for long-term catheters, respectively.22 

Microscopy of stained catheters
Several microbial staining methods, including Gram 
stain or acridine orange stain, with subsequent 
microscopy, have been developed. Cooper and Hopkins28 
explored the use of direct Gram staining and reported a 
100% sensitivity and 97% specifi city with predictive 
values of 84% or more. Another trial showed less 
promising results.63 Acridine orange staining has been 
used for diagnosis where fl uorescence is indicative of 
positivity, achieving a sensitivity of 84% and specifi city of 
99%.29 In general, microscopy techniques have not been 
widely used and are thought labour intensive and 
impractical.22,49  

Novel preventive strategies
Traditional measures for the prevention of catheter-
related infection, recommended by the Healthcare 
Infection Control Practices Advisory Committee 
(HICPAC) guidelines, include education of health-care 
workers on proper catheter insertion and maintenance, 
routine monitoring of institutional rates of CRBSI, hand 
hygiene, the use of a dedicated infusion therapy team, 
use of sterile semipermeable dressings, evidence of 
femoral insertion, and removing the vascular catheter as 
soon as possible.64 Other interventions associated with 
limited use or supporting evidence include attachable 
silver-impregnated cuff , inline fi lters, antimicrobial hubs 
and connecters, and topical antibiotics at the insertion 
site.65,66 In this section, we will outline novel aseptic 
techniques that have either been strongly recommended 
for implementation by HICPAC64 or supported in the 
literature by at least fi ve well-designed prospective 
randomised studies. Of the strategies outlined below, the 
cutaneous antiseptic techniques, maximum sterile 
barriers, and chlorhexidine sponges protect against the 
colonisation of the external surface of the CVC, 
antimicrobial lock minimises the risk of luminal 
colonisation, and antimicrobial catheters protect against 
external and internal surface colonisation.

Cutaneous antisepsis
Povidone-iodine is the most frequently used antiseptic 
for local catheter insertion sites in the USA.64 At least 
three studies evaluating the chlorhexidine-containing 
cutaneous antiseptic regimen in comparison with either 
povidone-iodine or alcohol for the care of an intravascular 
catheter insertion site have shown lower rates of CRBSI 
associated with the chlorhexidine preparation.67–69 
However, the effi  cacy of cutaneous antisepsis with 
chlorhexidine gluconate might be related to the 
concentration of chlorhexidine. A study evaluating 
tincture of chlorhexidine 0·5% showed that it is no more 
eff ective in preventing CRBSI or CVC colonisation than 
10% povidone-iodine.70 By contrast, Maki and colleagues67 

showed that 2% aqueous chlorhexidine gluconate tended 
to decrease CRBSI compared with 10% povidone-iodine 
or 70% alcohol. The HICPAC guidelines have, therefore, 
strongly recommended cutaneous antisepsis with a 2% 
chlorhexidine-based preparation.64 In a prospective 
randomised trial, Parienti and co-workers71 showed that 
skin insertion antisepsis consisting of 5% povidone-
iodine solution in 70% ethanol was associated with a 
substantial reduction of CVC-related colonisation and 
infection compared with 10% povidone-iodine.71

Maximum sterile barrier
Maximum sterile barrier precautions require wearing a 
sterile gown, gloves, and cap, and using a large sterile 
drape during the insertion of the CVC, similar to the 
drapes used in the operating room. In a prospective 
randomised study, maximum sterile barrier during the 
insertion of non-tunnelled long-term silicone CVCs and 
peripherally inserted central catheters was associated 
with an almost signifi cant reduction in CRBSI (p=0·06).72 
The use of maximum sterile barrier precautions also 
decreased the risk of CRBSI associated with pulmonary 
artery catheter placement compared with limited 
precautions that included only the use of sterile gloves 
and a small drape.73 By contrast, maximum sterile barrier 
precautions failed to reduce the risk of colonisation or 
bloodstream infections associated with the insertion of 
arterial catheters in a recent prospective randomised 
study.74 However, in that study the risk of arterial catheter 
exit site infection in patients who underwent maximum 
sterile barrier precautions was at least four-fold lower 
than in patients randomised to the minimum barrier 
precautions arm. The HICPAC guidelines strongly 
recommend the use of maximum sterile barrier 
precautions during the insertion of CVCs and pulmonary 
artery catheters.64

Chlorhexidine-impregnated sponge
A commercially available chlorhexidine-impregnated 
sponge, about 2·5 cm in diameter, can be placed over the 
CVC insertion site and covered with transparent 
polyurethane. In a prospective randomised study, use of 
the chlorhexidine sponge led to a three-fold reduction in 
CRBSI.75 However, other paediatric studies showed a 
pronounced decrease in CVC colonisation but not 
CRBSI,76,77 and another smaller randomised trial failed to 
show a decrease in either CVC colonisation or CRBSI.78 A 
meta-analysis including eight randomised controlled 
trials showed that chlorhexidine-impregnated sponges 
are associated with a trend towards reduction of vascular 
and epidural catheter infection.79 However, the number 
of sponges needed to prevent one episode of CRBSI was 
142 with an estimated cost of $532·50.79 The latest 
guidelines for the prevention of intravascular catheter-
related infections64 made no recommendation regarding 
the chlorhexidine sponge dressings and their usefulness 
is considered to be an unresolved issue.
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Antimicrobial catheters
Impregnation or coating of the catheter polymer surface 
with antimicrobial agents might prevent or minimise the 
adherence of microbial organisms.80 Antiseptic, antibiotic-
coated, and silver-impregnated catheters have all been 
approved in the USA for use in patients. The HICPAC 
guidelines strongly recommend the use of antiseptic or 
antibiotic-coated CVCs in patients whose catheter is 
expected to remain in place for more than 5 days, combined 
with a comprehensive strategy that aims to reduce CRBSI 
through education, maximum sterile barrier, and 2% 
chlorhexidine skin antisepsis during CVC insertion.64 

Antiseptic catheters
Antiseptic catheters are polyurethane CVCs coated with 
chlorhexidine and sulfadiazine silver (ArrowGard and 
ArrowGard Plus; Arrow International Inc, Reading, PA, 
USA) At least 16 prospective randomised trials81–96 have 
evaluated the fi rst-generation antiseptic catheters, most 
of which showed a reduction in catheter colonisation, 
with only two trials reporting a signifi cant reduction in 
CRBSI (p<0·05).86,92

Second-generation chlorhexidine/sulfadiazine silver 
catheters impregnated on both the external and internal 
surfaces have also been developed. Three multicentre 
studies evaluated these catheters in prospective randomised 
trials and all failed to show a signifi cant decrease in CRBSI, 
which may be related to a lack of power in the studies’ 
design to detect a diff erence if it existed.97–99 However, a 
signifi cant decrease in catheter colonisation, which could 
be considered a prelude for CRBSI, was shown. 

Clinical resistance associated with the chlorhexidine/
sulfadiazine silver catheters has not been reported, even 
though chlorhexidine resistance has been shown to occur 
among Gram-negative isolates, including Pseudomonas 
stutzeri.100 

Antibiotic-coated catheters
The only antibiotic-coated catheter that is FDA-approved 
and available for use in the USA is one coated with 
minocycline and rifampicin. In-vitro, ex-vivo, and animal 
studies have shown that minocycline/rifampicin-coated 
CVCs have superior and more prolonged activity against 
staphylococci compared with fi rst-generation chlor-
hexidine/sulfadiazine silver catheters.101,102 Subsequently, 
fi ve prospective randomised clinical trials have shown that 
CVCs coated with minocycline/rifampicin also 
substantially decrease the risk of CRBSI.103–107 Several 
factors could have contributed to the superiority of the 
antibiotic-coated catheter, including the fact that 
minocycline/rifampicin catheters are impregnated on 
both the external and internal surfaces, whereas fi rst-
generation chlorhexidine/sulfadiazine silver catheters are 
coated on the external surface only.65,66  

Investigators are concerned that bacterial resistance may 
develop to either minocycline or rifampicin with the 
prolonged use of these antibiotic-coated catheters.108 

In-vitro studies have shown that resistance might occur if 
either antibiotic (particularly rifampicin) is used alone, but 
resistance to a combination of the antibiotics is very 
unlikely.108,109 Furthermore, four of the prospective 
randomised studies evaluated the skin at the catheter 
insertion site before and after the insertion of the antibiotic-
coated catheters and failed to detect any emergence of 
resistance.103–106

Silver-impregnated catheters 
The only available silver-impregnated catheter in the USA 
uses oligodynamic iontophoresis, in which silver, plati-
num, and carbon are incorporated into the catheter, 
allowing topical silver ion release (Vantex CVC with Oligon, 
Edwards Life Sciences, Irvine, CA, USA). Several 
randomised clinical trials have shown that silver, platinum, 
and carbon catheters are associated with a signifi cant 
decrease in catheter colonisation.110,111 However, two 
prospective randomised controlled trials failed to show any 
benefi t of the novel silver/platinum-impregnated catheters 
in reducing catheter colonisation and CRBSI.112,113

Antimicrobial catheter lock
Heparin catheter lock has become widely used as an 
antithrombotic agent in catheters, as a result of studies 
published between 1979 and 1996 that showed heparin 
infusion and bonding eff ectively reduces catheter-related 
thrombus formation and may reduce catheter infection.114 
However, it has been shown that saline is as eff ective as 
heparin in maintaining catheter patency and preventing 
phlebitis of peripheral intravenous catheters.115 Shanks 
and colleagues116 showed that heparin, and to a lesser 
extent saline, enhances staphylococcal biofi lm formation. 
Several prospective randomised studies have shown that 
an antimicrobial catheter lock is superior to heparin alone 
as a lock solution in preventing catheter infection.117–121 

Antimicrobial lock solution consists of 2 mL of an 
antimicrobial drug, often mixed with an anticoagulant, 
which is used to fi ll the lumen of the catheter. A few 
studies have independently shown a signifi cant reduction 
of CRBSI associated with the use of vancomycin and 
heparin lock solution,119,120 although others failed to show 
signifi cant benefi t.122,123 A meta-analysis of seven 
randomised controlled trials showed that the use of 
vancomycin lock solution in mostly cancer patients with 
long-term CVCs reduced the risk of CRBSI (risk ratio 
[RR] 0·49, 95% CI 0·26–0·95; p=0·03), but the test of 
heterogeneity was signifi cant.117 In view of the limited 
activity of vancomycin against staphylococci embedded 
in biofi lm,124 further data derived from large prospective 
studies are required to address concerns regarding 
vancomycin resistance associated with vancomycin-
containing catheter lock solutions.  

Chelators such as EDTA (edetic acid) or citrate have an 
anticoagulant activity similar to heparin and have been 
found to enhance the activity of antimicrobial drugs 
against organisms embedded in biofi lm.118,121,125,126 
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Other catheter lock solutions that may reduce catheter 
infection are minocycline and EDTA,121,125–127 taurolidine,128 
or ethanol (at a concentration ranging between 25% and 
40%).129,130

Antiseptic practice versus novel technology 
A large multicentre trial in 108 intensive care units 
(ICUs) in Michigan, USA, included 375 757 catheter-days 
and fi ve antiseptic techniques highly recommended by 
the US Centers for Disease Control and Prevention 
(CDC) guidelines,64  including emphasis on appropriate 
hand hygiene, use of chlorhexidine for skin preparation, 
use of maximum sterile barrier precautions during 
insertion of the CVC, use of the subclavian vein as the 
preferred insertion site, and the removal of unnecessary 
CVCs.131 The investigators reported a decrease in the 
mean rate of CRBSIs from 7·7 bloodstream infections 
per 1000 catheter-days at baseline to 1·4 infections at 
16–18 months follow-up (p<0·002). A regression model 
analysis in this study showed a persistent reduction in 
the incidence rate of CRBSIs from the baseline at 
0–3 months after implementation to 16–18 months later. 
Although this study is unique in terms of the number of 
ICUs and CVCs involved, there were several concerns in 
evaluating the data, including the cross-over design,132 the 

defi nition of CRBSI, which could have included patients 
with false-positive blood cultures related to coagulase-
negative colonisation of the CVC or contamination, and 
lack of information on the compliance of specifi c ICUs 
in implementing the interventions. Hence, the decrease 
in CRBSI could be related to the Hawthorne eff ect of 
being involved in an observational study.133 Indeed, 
Gastmeier and colleagues134 have shown a signifi cant 
decrease in CRBSIs among ICU patients involved in a 
multicentre observational surveillance study without any 
intervention (RR 0·8, 0·72–0·09).

Bhutta and colleagues135 have shown a signifi cant 
decrease in CRBSI associated with the implementation 
of the antiseptic techniques outlined above as well as 
novel technology that included antibiotic-coated catheters. 
Hence, if the target is to decrease the risk of CRBSI to 
zero, it would take a coordinated eff ort of implementing 
both a policy of strict adherence to antiseptic techniques 
and the introduction of novel technology, such as 
antimicrobial catheters and antimicrobial lock solutions 
in high-risk patients. 

Management: a multifaceted approach
The management of CRBSI involves making decisions 
related to: (1) whether the CVC should be removed or 

  

Coagulase-negative 
Staphylococcus spp

Non-tunnelled CVC
• Remove CVC and treat with ASA 
 for 5–7 days
• May retain CVC and treat with ASA 
 for 7 days and ALT for 10–14 days

Tunnelled/implantable CVC
 • May retain CVC and treat with ASA 
 for 7 days and ALT for 10–14 days
• If manifestations worsen or 
 persist, remove CVC and treat for 
 5–7 days

Staphylococcus aureus Gram-negative bacilli Candida spp

Non-tunnelled or tunnelled CVC
• CVC removal is recommended
• Treat with appropriate antifungal 
 agents for 14 days after last 
 positive blood cultures

Non-tunnelled CVC
• CVC removal is recommended
• ASA for 10–14 days

Tunnelled/implantable CVC
• CVC removal is recommended
• In absence of other vascular sites, 
 treat with ASA and ALT for 
 10–14 days and ALT for 14 days
• Remove CVC if there is 
 deterioration or no response, and 
 treat with ASA for 10–14 days

Investigate further the possibility of:
• Septic thrombosis
• Infective endocarditis
• Any other metastic infection

Non-tunnelled CVC
• CVC removal is recommended
• ASA for ≥14 days, if 
 transoesophageal echocardiogram 
 is negative

Tunnelled/implantable CVC
• If transoesophageal 
 echocardiogram is negative, treat 
 with ASA and ALT for ≥14 days
• Remove CVC if infection is 
 complicated by endocarditis 
 (transoesophageal echo-
 cardiogram positive) or septic 
 thrombosis or deep-seated 
 infection and treat with 
 intravenous ASA for 4–6 weeks

If bacteraemia or fungaemia persist, or lack of response after 3 days 
of CVC removal and initiation of appropriate antibiotics or antifungals

Figure 3: Management of catheter-related bloodstream infections
CRBSI=catheter-related bloodstream infection. CVC=central venous catheter. ASA=appropriate systemic antibiotic. ALT=antibiotic lock therapy.
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retained with antibiotic catheter lock therapy; (2) the type 
of antimicrobial therapy, based on the type of organism 
and its resistance pattern; and (3) the duration of 
antimicrobial therapy (fi gure 3). 

Since the CVC is an identifi able, removable source of the 
infection, there is a tendency to assume that all patients 
with a CVC and a concurrent bloodstream infection must 
have a catheter-related infection. Indiscriminate removal 
of the CVC in this situation would result in an unnecessary, 
wasteful, and highly expensive practice. Furthermore, in a 
subset of patients, the indwelling catheter and vascular 
access site could be salvaged through antimicrobial 
catheter lock. Decisions as to whether the CVC should be 
removed or retained, with antibiotic catheter lock, and the 
duration and type of therapy depend on the type of 
organism causing the CRBSI. 

Coagulase-negative Staphylococcus spp
Since coagulase-negative Staphylococcus spp, which include 
Staphylococcus epidermidis, are usually skin organisms, they 
are the leading cause of CRBSIs as well as contaminated 
blood cultures. Costa and co-workers136,137 have suggested 
that the nasal mucosa rather than the CVC skin insertion 
site is the major source of coagulase-negative staphylococcal 
bacteraemia. However, their study included only 11 episodes 
of true coagulase-negative bacteraemia (defi ned as two or 
more positive blood cultures of the same species and 
antibiogram with symptoms of clinical sepsis and no other 
primary source of infection) with no catheter hub or tip 
culture, or subsequent molecular typing of organisms 
isolated from these important sites.137

To ascertain the diagnosis of bacteraemia, at least two 
positive blood cultures, including one drawn from a 
peripheral vein, are necessary. When quantitative blood 
cultures were evaluated, a colony count of more than 
15 CFU of coagulase-negative staphylococci isolated from a 
blood sample drawn through the CVC was highly 
suggestive of true bacteraemia.138

Although catheter removal was once thought to be 
necessary, almost 80% of the CRBSIs caused by coagulase-
negative staphylococci can be treated with glycopeptide 
antibiotics, such as vancomycin, without catheter removal. 
However, if the CVC is not removed, there is a 20% chance 
that the bacteraemia will recur.139 According to IDSA 
guidelines,11 if the CVC is to be retained, a longer duration 
of therapy consisting of 10–14 days (rather than 5–7 days if 
the CVC is removed) is to be considered with antibiotic 
catheter lock therapy.11 If the bacteraemia is persistent, 
particularly after the CVC is removed, then other sources 
for the bacteraemia (including endocarditis and septic 
phlebitis) should be contemplated.

Vancomycin is the most frequently used anti-
staphylococcal antibiotic for systemic and local catheter 
lock therapy.11 However, glycopeptide antimicrobial drugs, 
including vancomycin, have previously been reported to 
have limited activity against staphylococci embedded in 
biofi lm on catheter surfaces.124,125,140

Alternative lock therapy consists of minocycline and 
EDTA, ethanol, or the triple combination of minocycline 
and EDTA in 25% ethanol.141–143 Dalbavancin, a long-acting 
investigational glycopeptide given once per week, has 
recently been shown to be superior to vancomycin in the 
systemic treatment of CRBSI caused by coagulase-
negative staphylococci and Staphylococcus aureus.144 

Another alternative antibiotic for systemic therapy with 
added activity against vancomycin-resistant organisms is 
daptomycin.145 Although linezolid is active against 
meticillin-resistant staphylococci, a prospective 
randomised trial on the treatment of catheter-related 
Gram-positive bacteraemia showed linezolid to be 
associated with higher mortality compared with other 
agents (vancomycin, oxacillin, and dicloxacillin).146

Staphylococcus aureus
S aureus is associated with a high rate of deep-seated 
metastatic infections, including septic thrombosis and 
endocarditis.147 Three observational prospective studies 
have shown that removal of the CVC in S aureus CRBSI 
(including the uncomplicated cases) is associated with a 
more rapid response to therapy and a lower relapse 
rate.147–149

In a subset of patients with a surgically implantable 
catheter with no other available vascular access or with 
profound thrombocytopenia, consideration should be 
given to catheter salvage and antibiotic lock therapy.1 
Vancomycin and heparin or minocycline and EDTA are 
two combinations to be considered.119,141 However, 
vancomycin catheter lock therapy in dialysis patients 
with CRBSI caused by S aureus was associated with a 
60% failure rate.150 Interest in ethanol lock therapy has 
also emerged, particularly after its safety was reported.129,142 
However, an animal study reported the failure of 50% 
ethanol catheter lock solution to treat meticillin-resistant 
S aureus (MRSA) catheter infection in rabbits.151 The 
combination of minocycline and EDTA in 25% ethanol is 
highly active in eradicating S aureus in biofi lm within 
60 min of dwell time.143 

The type of antibiotics used should be based on the 
susceptibility of S aureus. For meticillin-sensitive S aureus 
a semisynthetic antistaphylococcal penicillin, or fi rst-
generation cephalosporin is the fi rst choice.11 For MRSA, 
several options can be considered, including vancomycin, 
daptomycin, or even dalbavancin.144,145 However, 
dalbavancin is not yet available in US or European 
markets. 

The duration of therapy should be based on the likelihood 
of deep-seated complications. For uncomplicated S aureus 
CRBSI, a 10–14 day course of intravenous therapy is 
necessary if the CVC is removed.11 The strongest predictor 
of complicated S aureus bacteraemia is the persistence of 
fever and/or bacteraemia for more than 72 h after catheter 
removal and initiation of antibiotics.152,153 The leading 
complication of catheter-related S aureus bacteraemia in 
cancer patients is septic thrombosis of large veins.154 This 
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complication mainly occurs in patients with an underlying 
solid tumour. However, CVC-related thrombosis has been 
reported in patients with underlying haematological 
malignancy and an inherited prothrombotic 
abnormality.155

In patients with S aureus CRBSI and persisting fever or 
bacteraemia, transoesophageal echocardiogram should be 
used to rule out endocarditis and the treatment duration 
should be expanded to at least 4 weeks of intravenous 
therapy with an active agent.11,153    

Gram-negative bacilli
Gram-negative bacillary bacteraemia usually emerges 
from a non-catheter-related source, such as nosocomial 
urinary tract infection, nosocomial pneumonia, or intra-
abdominal infection. However, Gram-negative bacillary 
CRBSI caused by organisms such as Klebsiella pneumoniae, 
Enterobacter spp, Pseudomonas spp, Acinetobacter spp, and 
Stenotrophomonas maltophilia have been reported.156,157 

Elting and Bodey156 reported on 149 episodes of 
bacteraemias caused by S maltophilia and other non-
aeruginosa Pseudomonas species in which the CVC was 
the most common source of the bloodstream infection. 
Failure to remove the catheter was associated with a 
signifi cantly higher rate of treatment failure and 
bacteraemia recurrence (p<0·001). Hanna and colleagues157 
showed that documented CRBSIs caused by Gram-
negative bacilli were associated with a high frequency of 
relapse if the CVC was retained, whereas CVC removal 
was associated with only 1% risk of relapse (p<0·001). 
Antibiotic catheter lock therapy with compounds with 
activity against Gram-negative bacteria, such as 
gentamicin, amikacin, or ceftazidime, has been 
successfully used but data are anecdotal and limited.11 
Therefore, if the Gram-negative bacillary bacteraemia is 
judged to be a CRBSI, then it is prudent to remove the 
CVC and treat with a 1-week course of appropriate broad-
spectrum antibacillary antibiotics.

Candida species
Five prospective studies have shown that CVC removal is 
associated with improved outcome in patients with 
candidaemia.158–162 These included large prospective 
studies in which catheter retention proved to be a 
signifi cant factor for the persistence of candidaemia or 
was associated with higher mortality. Nucci and co-
workers159 prospectively analysed the risk factors for death 
in 145 patients with nosocomial candidaemia. Catheter 
retention was found to be an independent variable for 
increased risk of death in multivariate analysis, 
independent of persistent neutropenia. In a retrospective 
study involving 404 patients with candidaemia and an 
indwelling CVC, multivariate analysis showed that CVC 
retention for more than 72 h was associated with a poorer 
outcome (decreased response to antifungal agents, 
morbidity, and mortality).163 In the study, CVC removal 
did not have any eff ect on improving outcome in patients 

with non-catheter-related secondary candidaemia. The 
CVC should, therefore, be removed within 72 h in patients 
with suspected or documented catheter-related 
candidaemia. There are limited data on the effi  cacy of 
antifungal catheter lock solution and further clinical 
studies are required in the setting of catheter-related 
candidaemia.11  

Fluconazole has similar effi  cacy to amphotericin B in 
the treatment of candidaemia, although fl uconazole has a 
better safety profi le.158,161 Echinocandin (caspofungin and 
micafungin) have been shown to be equivalent to 
amphotericin B or liposomal amphotericin B in the 
treatment of candidaemia, with a superior safety 
profi le.164,165 A recent multicentre study has shown that 
anidulafungin (another echinocandin) is equivalent and 
possibly superior to fl uconazole in the treatment of 
invasive candidiasis.166 Therefore, in patients with catheter-
related candidaemia, fl uconazole or an echinocandin 
should be considered as an effi  cacious and safer alternative 
to amphotericin B, although in centres where there are 
higher rates of fl uconazole-resistant Candida glabrata and 
Candida krusei, an echinocandin should be used. 
According to IDSA guidelines, the duration of therapy for 
uncomplicated catheter-related candidaemia should be 
2 weeks from the last positive blood culture.11

Conclusions
Although advances in diagnosing, preventing, and 
managing intravascular catheter-related infections have 
been demonstrated, this frequent clinical problem could 
still benefi t from future breakthroughs. Accurate 
diagnostic techniques, especially while the suspected 
indwelling catheter is still in situ, can identify CVCs that 
should be removed while sparing others. Novel preventive 
measures should combine antiseptic techniques and 
novel technology and ought to prolong infection-free 
catheter dwell time safely, without breeding resistant 
microorganisms. A successful approach to managing 
CRBSI requires making an appropriate decision  
regarding the removal or sparing of the CVC and the use 
of effi  cacious antimicrobial therapy for the optimum 
duration of treatment.

Search strategy and selection criteria

We searched the Medline database (1966 to June 30, 2007) 
and PubMed (1966 to June 30, 2007) by using the search 
terms “intravascular device”, “vascular catheter”, 
“bloodstream infection”, “primary bacteremia”, “candidiasis”, 
“blood cultures”, and combinations of these terms. Abstracts 
of meetings of the InterScience Conference on Antimicrobial 
Agents and Chemotherapy, the American Society of 
Microbiology, The Infectious Diseases Society of America, the 
Society for Healthcare Epidemiology of America, and the 
Association for Professionals in Infection Control were also 
reviewed. We excluded non-English-language articles.



654  http://infection.thelancet.com   Vol 7   October 2007

Review

Confl icts of interest
IR is a co-inventor on two patents associated with devices coated with 
minocycline and rifampicin. These patents are the property of the 
University of Texas MD Anderson Cancer Center and Baylor College of 
Medicine. Both patents were licensed to Cook Critical Care, American 
Medical Systems, Biomet, and TyRx with royalty rights to the institutions 
and inventors involved. IR is also a co-inventor of patents associated with 
minocycline and EDTA catheter fl ush solution. These patents are the 
property of the University of Texas MD Anderson Cancer Center, Baylor 
College of Medicine, and Wake Forest University. One of these patents has 
been licensed to Akorn. IR is also on the speakers’ bureau for, and has 
received grants from, Cook Inc. DM has received research support from 
Tyco Labs. HH is a co-inventor on patents involving novel antiseptic 
(Gendine) for the impregnation of catheters (licensed to Cook).

References
1 Maki DG, Mermel LA. Infections due to infusion therapy. In: 

Bennett JV, Brachman PS, eds. Hospital infections, 4th edn. 
Philadelphia: Lippincott-Raven, 1998: 689–724.

2 Raad II, Hanna HA. Intravascular catheter-related infections. New 
horizons and recent advances. Arch Intern Med 2002; 162: 871–78.

3 Jarvis WR, Edwards JR, Culver DH, et al. Nosocomial infection rates 
in adult and pediatric intensive care units in the United States. 
National Nosocomial Infections Surveillance System. Am J Med 1991; 
91 ( suppl 3B): 185S–91S.

4 Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infection in 
critically ill patients: excess length of stay, extra costs, and attributable 
mortality. JAMA 1994; 271: 1598–601.

5 Edgeworth JD, Treacher DF, Eykyn SJ. A 25-year study of nosocomial 
bacteraemia in an adult intensive care unit. Crit Care Med 1999; 27: 
1421–28.

6 Wenzel RP, Edmond MB. The impact of hospital-acquired 
bloodstream infections. Emerg Infect Dis 2001; 7: 174–77.

7 O’Grady NP, Alexander M, Dellinger EP, et al. Guidelines for the 
prevention of intravascular catheter-related infections. 
MMWR Recomm Rep 2002; 51: 1–29.

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

9 Rello J, Ochagavia A, Sabanes E, et al. Evaluation of outcome of 
intravenous catheter-related infections in critically ill patients. 
Am J Respir Crit Care Med 2000; 162: 1027–30.

10 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: 229–34.

11 Mermel LA, Farr BM, Sherertz RJ, et al. Guidelines for the 
management of intravascular catheter-related infections. Clin Infect Dis 
2001; 32: 1249–72.

12 Safdar N, Maki DG. Infl ammation at the insertion site is not predictive 
of catheter-related bloodstream infection with short-term, noncuff ed 
central venous catheters. Crit Care Med 2002; 30: 2632–35.

13 Walshe LJ, Malak SF, Eagan J, Sepkowitz KA. Complication rates 
among cancer patients with peripherally inserted central catheters. 
J Clin Oncol 2002; 20: 3276–81.

14 Druskin MS, Siegel PD. Bacterial contamination of indwelling 
intravenous polyethylene catheters. JAMA 1963; 185: 966–68.

15 DesJardin JA, Falagas ME, Ruthazer R, et al. Clinical utility of blood 
cultures drawn from indwelling central venous catheters in 
hospitalized patients with cancer. Ann Intern Med 1999; 131: 641–47.

16 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.

17 Fortun J, Perez-Molina JA, Asensio A, et al. Semiquantitative culture of 
subcutaneous segment for conservative diagnosis of intravascular 
catheter-related infection. JPEN J Parenter Enteral Nutr 2000; 24: 210–14.

18 Nielson J, Kolmos HJ, Rosdahl VT. Poor value of surveillance cultures 
for prediction of septicemia caused by coagulase-negative 
staphylococci in patients undergoing haemodialysis with central 
venous catheters. Scand J Infect Dis 1998; 30: 569–72.

19 Atela I, Coll P, Rello J, et al. Serial surveillance cultures of skin and 
catheter hub specimens from critically ill patients with central venous 
catheters: molecular epidemiology of infection and implications for 
clinical management and research. J Clin Microbiol 1997; 35: 1784–90.

20 Fan ST, Teoh-Chan CH, Lau KF, Chu KW, Kwan AK, Wong KK. 
Predictive value of surveillance skin and hub cultures in central 
venous catheters sepsis. J Hosp Infect 1988; 12: 191–98.

21 Snydman DR, Gorbea HF, Pober BR, Majka JA, Murray SA, 
Perry LK. Predictive value of surveillance skin cultures in 
total-parenteral-nutrition-related infection. Lancet 1982; 2: 
1385–88.

22 Safdar N, Fine JP, Maki DG. Meta-analysis: methods for 
diagnosing intravascular device-related bloodstream infection. 
Ann Intern Med 2005; 142: 451–66.

23 Rushforth JA, Hoy CM, Kite P, Puntis JW. Rapid diagnosis of 
central venous catheter sepsis. Lancet 1993; 342: 402–03.

24 Kite P, Dobbins BM, Wilcox MH, McMahon MJ. Rapid diagnosis 
of central-venous-catheter-related bloodstream infection without 
catheter removal. Lancet 1999; 354: 1504–07.

25 Kite P, Dobbins BM, Wilcox MH, et al. Evaluation of a novel 
endoluminal brush method for in situ diagnosis of catheter 
related sepsis. J Clin Pathol 1997; 50: 278–82.

26 Rello J, Gatell JM, Almirall J, Campistol JM, Gonzalez J, 
Puig de la Bellacasa J. Evaluation of culture techniques for 
identifi cation of catheter-related infection in hemodialysis patient. 
Eur J Clin Microbiol Infect Dis 1989; 8: 620–22.

27 Raad I, Costerton W, Sabharwal U, Sacilowski M, Anaissie E, 
Bodey GP. Ultrastructural analysis of indwelling catheters: a 
quantitative relationship between luminal colonization and 
duration of placement. J Infect Dis 1993; 168: 400–07.

28 Cooper GL, Hopkins CC. Rapid diagnosis of intravascular 
catheter-associated infection by direct Gram staining of catheter 
segments. N Engl J Med 1985; 312: 1142–47.

29 Zuff erey J, Rime B, Francioli P, Bille J. Simple method for rapid 
diagnosis of catheter-associated infection by direct acridine 
orange staining of catheter tips. J Clin Microbiol 1988; 26: 175–77.

30 Dorn GL, Land GA, Wilson GE. Improved blood culture technique 
based on centrifugation: clinical evaluation. 
J Clin Microbiol 1979; 9: 391–96.

31 Chatzinikolaou I, Hanna H, Hachem R, Alakech B, Tarrand J, 
Raad I. Diff erential quantitative blood cultures for the diagnosis 
of catheter-related bloodstream infections associated with short- 
and long-term catheters: a prospective study. 
Diagn Microbiol Infect Dis 2004; 50: 167–72.

32 Douard MC, Clementi E, Arlet G, et al. Negative catheter-tip 
culture and diagnosis of catheter-related bacteraemia. Nutrition 
1994; 10: 397–404.

33 Capdevila JA, Planes AM, Palomar M, et al. Value of diff erential 
quantitative blood cultures in the diagnosis of catheter-related 
sepsis. Eur J Clin Microbiol Infect Dis 1992; 11: 403–07.

34 Douard MC, Arlet G, Longuet P, et al. Diagnosis of venous access 
port-related infections. Clin Infect Dis 1999; 29: 1197–202.

35 Flynn PM, Shenep JL, Barrett FF. Diff erential quantitation with a 
commercial blood culture tube for diagnosis of catheter-related 
infection. J Clin Microbiol 1988; 26: 1045–46.

36 Raucher HS, Hyatt AC, Barzilai A, et al. Quantitative blood 
cultures in the evaluation of septicemia in children with Broviac 
catheters. J Pediatr 1984; 104: 29–33.

37 Blot F, Schmidt E, Nitenberg G, et al. Earlier positivity of central-
venous versus peripheral-blood cultures is highly predictive of 
catheter-related sepsis. J Clin Microbiol 1998; 36: 105–09.

38 Blot F, Nitenberg G, Chachaty E, et al. Diagnosis of catheter-
related bacteraemia: a prospective comparison of the time to 
positivity of hub-blood versus peripheral-blood cultures. Lancet 
1999; 354: 1071–77.

39 Malgrange VB, Escande MC, Theobald S. Validity of earlier 
positivity of central venous blood cultures in comparison with 
peripheral blood cultures for diagnosing catheter-related 
bacteraemia in cancer patients. J Clin Microbiol 2001; 39: 274–78.

40 Rijnders BJ, Verwaest C, Peetermans WE, et al. Diff erence in time 
to positivity of hub-blood versus nonhub-blood cultures is not 
useful for the diagnosis of catheter-related bloodstream infection 
in critically ill patients. Crit Care Med 2001; 29: 1399–403.

41 Seifert H, Cornely O, Seggewiss K, et al. Bloodstream infection in 
neutropenic cancer patients related to short-term nontunneled 
catheters determined by quantitative blood cultures, diff erential 
time to positivity, and molecular epidemiological typing with 
pulsed-fi eld gel electrophoresis. J Clin Microbiol 2003; 41: 118–23.



 http://infection.thelancet.com   Vol 7   October 2007 655

Review

42 Gaur AH, Flynn PM, Giannini MA, Shenep JL, Hayden RT. 
Diff erence in time to detection: a simple method to diff erentiate 
catheter-related from non-catheter-related bloodstream infection in 
immunocompromised pediatric patients. Clin Infect Dis 2003; 37: 
469–75.

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

44 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: 928–36.

45 von Baum H, Philippi P, Geiss HK. Acridine-orange leucocyte 
cytospin (AOLC) test as an in-situ method for the diagnosis of 
central venous catheter (CVC)-related sepsis in adult risk patients. 
Zentralbl Bakteriol 1998; 287: 117–23.

46 Tigh MJ, Kite P, Thomas D, Fawley WN, McMahon MJ. Rapid 
diagnosis of catheter-related sepsis using the acridine orange 
leukocyte cytospin test and an endoluminal brush. JPEN J Parenter 
Enteral Nutr 1996; 20: 215–18.

47 Bong JJ, Kite P, Ammori BJ, Wilcox MH, McMahon MJ. The use of 
rapid in situ test in the detection of central venous catheter-related 
bloodstream infection: a prospective study. JPEN J Parenter 
Enteral Nutr 2003; 27: 146–50.

48 Bouza E, Burillo A, Munoz P. Catheter-related infections: diagnosis 
and intravascular treatment. Clin Microbiol Infect 2002; 8: 265–74.

49 Hanna R, Raad II. Diagnosis of catheter-related bloodstream 
infection. Curr Infect Dis Rep 2005; 7: 413–19.

50 Maki DG, Weise CE, Sarafi n HW. A semiquantitative culture 
method for identifying intravenous-catheter-related infection. 
N Engl J Med 1977; 296: 1305–09.

51 Gutierrez J, Leon C, Matamoros R, Nogales C, Martin E. Catheter-
related bacteraemia and fungaemia. Reliability of two methods for 
catheter culture. Diagn Microbiol Infect Dis 1992; 15: 575–78.

52 Cercenado E, Ena J, Rodriguez-Creixems M, Romero I, Bouza E. 
A conservative procedure for the diagnosis of catheter-related 
infections. Arch Intern Med 1990; 150: 1417–20.   

53 Rello J, Coll P, Prats G. Laboratory diagnosis of catheter-related 
bacteraemia. Scand J Infect Dis 1991; 23: 583–88.

54 Aufwerber E, Ringertz S, Ransjo U. Routine semiquantitative 
cultures and central venous catheter-related bacteraemia. APMIS 
1991; 99: 627–30.

55 Raad II, Sabbagh MF, Rand KH, Sherertz RJ. Quantitative tip 
culture methods and the diagnosis of central venous catheter-related 
infections. Diagn Microbiol Infect Dis 1992; 15: 13–20.

56 Collignon PJ, Soni N, Pearson IY, Woods WP, Munro R, Sorrell TC. 
Is semiquantitative culture of central vein catheter tips useful in the 
diagnosis of catheter-associated bacteraemia? J Clin Microbiol 1986; 
24: 532–35.

57 Widmer AF, Nettleman M, Flint K, Wenzel RP. The clinical impact 
of culturing central venous catheters. A prospective study. 
Arch Intern Med 1992; 152: 1299–302.

58 Bouza E, Alvarado N, Alcala L, et al. A prospective, randomized, and 
comparative study of 3 diff erent methods for the diagnosis of 
intravascular catheter colonization. Clin Infect Dis 2005; 40: 
1096–100.

59 Bjornson HS, Colley R, Bower RH, Duty VP, Schwartz-Fulton JT, 
Fischer JE. Association between microorganism growth at the 
catheter insertion site and colonization of the catheter in patients 
receiving total parenteral nutrition. Surgery 1982; 92: 720–27.

60 Brun-Buisson C, Abrouk F, Legrand P, Huet Y, Larabi S, Rapin M. 
Diagnosis of central venous catheter-related sepsis. Critical level of 
quantitative tip culture. Arch Intern Med 1987; 147: 873–77.

61 Sherertz R, Raad I, Belani A, et al. Three-year experience with 
sonicated vascular catheter cultures in a clinical microbiology 
laboratory. J Clin Microbiol 1990; 28: 76–82.

62 Widmer AF, Frei R. Diagnosis of central-venous catheter-related 
infection: comparison of the roll-plate and sonication technique in 
1000 catheters. 43rd Annual Interscience Conference on 
Antimicrobial Agents Chemotherapy; Chicago, IL, USA; Sept 14–17, 
2003. Abstract K-2036.

63 Spencer RC, Kristinsson KG. Failure to diagnose intravascular-
associated infection by direct Gram staining of catheter segments. 
J Hosp Infect 1986; 7: 305–06.

64 O’Grady NP, Alexander M, Dellinger EP, et al. Guidelines for the 
prevention of intravascular catheter-related infections. 
MMWR Recomm Rep 2002; 51: 1–26.

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

66 Crnich CJ, Maki DG. The promise of novel technology for the 
prevention of intravascular device-related bloodstream infection. I. 
Pathogenesis and short-term devices. Clin Infect Dis 2002; 34: 1232–42.

67 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: 
339–43.

68 Mimoz O, Pieroni L, Lawrence C, et al. 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: 1818–23.

69 Maki DG, Knasinski V, Narana LL, Gordon BJ. A randomized trial of a 
novel 1% chlorhexidine-75% alcohol tincture versus 10% povidone-
iodine for cutaneous disinfection with vascular catheters. 11th Annual 
Society for Healthcare Epidemiology of America Meeting; Toronto, ON, 
Canada; April 1–3, 2001. Abstract 142.

70 Humar A, Ostromecki A, Direnfeld J, et al. 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: 1001–07.

71 Parienti J-J, du Cheyron D, Ramakers M, et al. Alcoholic povidone-
iodine to prevent central venous catheter colonization: a randomized 
unit-crossover study. Crit Care Med 2004; 32: 708–13.

72 Raad II, Hohn DC, Gilbreath J, et al. Prevention of central venous 
catheter-related infections by using maximal sterile barrier precautions 
during insertion. Infect Control Hosp Epidemiol 1994; 15: 231–38.

73 Mermel LA, McCormick RD, Springman SR, Maki DG. The 
pathogenesis and epidemiology of catheter-related infection with 
pulmonary artery Swan-Ganz catheters: a prospective study utilizing 
molecular subtyping. Am J Med 1991; 91: 1975–2055.

74 Rijnders BJ, Van Wijngaerden E, Wilmer A, Peetermans WE. Use of 
full sterile barrier precautions during insertion of arterial catheters: a 
randomized trial. Clin Infect Dis 2003; 36: 743–48.

75 Maki DG, Mermel LA, Kluger D, et al. The effi  cacy of a chlorhexidine-
impregnated sponge (Biopatch™) for the prevention of intravascular 
catheter-related infection: a prospective, randomized, controlled, 
multicenter study. 40th Interscience Conference on Antimicrobial 
Agents and Chemotherapy; Toronto, ON, Canada; Sep 17–20, 2000. 
Abstract 1430.

76 Levy I, Katz J, Solter E, et al. Chlorhexidine-impregnated dressing for 
prevention of colonization of central venous catheters in infants and 
children: a randomized controlled study. Pediatr Infect Dis J 2005; 24: 
676–79.

77 Gerland JS, Alex CP, Mueller CD, et al. A randomized trial comparing 
povidone-iodine to a chlorhexidine gluconate-impregnated dressing for 
prevention of central venous catheter infections in neonates. Pediatrics 
2001; 107: 1431–36.

78 Roberts B, Cheung D. Biopatch: a new concept in antimicrobial 
dressings for invasive devices. Aust Crit Care 1998; 11: 16–19.

79 Ho KM, Litton E. Use of chlorhexidine-impregnated dressing to 
prevent vascular and epidural catheter colonization and infection: a 
meta-analysis. J Antimicrob Chemother 2006; 58: 281–87.

80 Veenstra DL, Saint S, Saha S, Lumley T, Sullivan SD. Effi  cacy of 
antiseptic-impregnated central venous catheters in preventing catheter-
related bloodstream infection: a meta-analysis. JAMA 1999; 281: 261–67.

81 Ramsay J, Nolte F, Schwarzmann S. Incidence of catheter colonization 
and catheter-related infection with an antiseptic impregnated triple 
lumen catheter. Crit Care Med 1994; 22: A115 (abstr).

82 Trazzera S, Stern G, Rakesh B, Sinna S, Reiser P. Examination of 
antimicrobial-coated central venous catheters in patients at high-risk 
for catheter related infections in a medical intensive care unit and 
leukemia/bone marrow transplant unit. Crit Car Med 1995; 23: 
A152 (abstr).

83 Bach A, Schmidt H, Bottiger B, et al. Retention of antibacterial activity 
and bacterial colonization of antiseptic-bonded central venous 
catheters. J Antimicrob Chemother 1996; 37: 315–22.

84 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: 641–46.



656  http://infection.thelancet.com   Vol 7   October 2007

Review

85 Hannan M, Juste RN, Shankar U, Nightingale C, Azadian B, 
Soni N. Colonization of triple lumen catheters:  a study on 
antiseptic bonded and standard catheters. Clin Intensive Care 1996; 
7: 56 (abstr).

86 Pemberton LB, Ross V, Cuddy P, Kremer H, Fessler T, McGurk E. 
No diff erence in catheter sepsis between standard and antiseptic 
central venous catheters: a prospective randomized trial. 
Arch Surg 1996; 131: 986–89.

87 Maki DG, Stolz SM, Wheeler S, Mermel LA. Prevention of central 
venous catheter-related bloodstream infection by use of an 
antiseptic-impregnanted catheter: a randomized, controlled trial. 
Ann Intern Med 1997; 127: 257–66.

88 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: 145–56.

89 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: 428–31.

90 Tennenberg S, Lieser M, McCurdy B, et al. A prospective 
randomized trial of an antibiotic and antiseptic-coated central 
venous catheter in the prevention of catheter-related infections. 
Arch Surg 1997; 132: 1348–51.

91 Heard SO, Wagle M, Vijayakumar E, et al. Infl uence of triple-
lumen central venous catheters coated with chlorhexidine and 
silver sulfadiazine on the incidence of catheter-related 
bacteraemia. Arch Intern Med 1998; 158: 81–87.

92 Collin GR. Decreasing catheter colonization through the use of an 
antiseptic-impregnated catheter: a continuous quality 
improvement project. Chest 1999; 115: 1632–40.

93 Hannan M, Juste RN, Umasanker S, et al. Antiseptic-bonded 
central venous catheters and bacterial colonization. Anaesthesia 
1999; 54: 868–72.

94 Hanley EM, Veeder A, Smith T, Drusano G, Currie E, Venezia RA. 
Evaluation of an antiseptic triple-lumen catheter in an intensive 
care unit. Crit Care Med 2000; 28: 366–70.

95 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.

96 Dünser MW, Mayr AJ, Hinterberger G, et al. Central venous 
catheter colonization in critically ill patients: a prospective, 
randomized, controlled study comparing standard with two 
antiseptic-impregnated catheters. Anesth Analg 2005; 101: 1778–84.

97 Brun-Buisson C, Doyon F, Sollet JP, Cochard JF, Cohen Y, 
Nitenberg G. Prevention of intravascular catheter-related infection 
with newer chlorhexidine-silver sulfadiazine-coated catheters: a 
randomized controlled trial. Intensive Care Med 2004; 30: 837–43.

98 Rupp ME, Lisco SJ, Lipsett PA, et al. Eff ect of a second-generation 
venous catheter impregnated with chlorhexidine and silver 
sulfadiazine on central catheter-related infection. A randomized, 
controlled trial. Ann Intern Med 2005; 143: 570–80.

99 Ostendorf T, Meinhold A, Harter C, et al. Chlorhexidine and 
silver-sulfadiazine coated central venous catheters in 
haematological patients—a double-blind, randomized, 
prospective, controlled trial. Support Care Cancer 2005; 13: 
993–1000.

100 Tattawasart U, Maillard JY, Furr JR, Russell AD. Development of 
resistance to chlorhexidine diacetate and cetylpyridinium chloride 
in Pseudomonas stutzeri and changes in antibiotic susceptibility. 
J Hosp Infect 1999; 42: 219–29.

101 Raad I, Darouiche R, Hachem R, Mansouri M, Bodey GP. The 
broad-spectrum activity and effi  cacy of catheters coated with 
minocycline and rifampin. J Infect Dis 1996; 173: 418–24.

102 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: 1128–31.

103 Raad I, Darouiche R, Dupuis J, et al. Central venous catheters 
coated with minocycline and rifampin for the prevention of 
catheter-related colonization and bloodstream infections. A 
randomized double-blind trial. Ann Intern Med 1997; 128: 267–74.

104 Darouiche RO, Raad II, Heard SO, et al. Comparison of two anti-
microbial impregnated central venous catheters. N Engl J Med 
1999; 340: 1–8.

105 Chatzinikolaou I, Finkel K, Hanna H, et al. Antibiotic-coated 
hemodialysis catheters for the prevention of vascular catheter-
related infections: a prospective, randomized study. Am J Med 
2003; 115: 352–57.

106 Hanna H, Benjamin R, Chatzinikolaou I, et al. Long-term silicone 
central venous catheters impregnated with minocycline and 
rifampin decrease rates of catheter-related bloodstream infection 
in cancer patients: a prospective randomized clinical trial. 
J Clin Oncol 2004; 22: 3163–71.

107 Darouiche RO, Berger DH, Khardori N, et al. Comparison of 
antimicrobial impregnation with tunneling of long-term central 
venous catheters. A randomized controlled trial. Ann Surg 2005; 
242: 193–200.

108 Sampath LA, Tambe SM, Modak SM. In vitro and in vivo effi  cacy of 
catheters impregnated with antiseptics or antibiotics: evaluation of 
the risk of bacterial resistance to the antimicrobials in the catheters. 
Infect Control Hosp Epidemiol 2001; 22: 640–46.

109 Munson El, Heard SO, Doern GV. In vitro exposure of bacteria to 
antimicrobial impregnated-central venous catheters does not directly 
lead to the emergence of antimicrobial resistance. Chest 2004; 126: 
1628–35.

110 Ranucci, M, Isgro G, Giomarelli PP, et al. Impact of oligon central 
venous catheters on catheter colonization and catheter-related 
bloodstream infection. Crit Care Med 2003; 31: 52–59.

111 Corral L, Nolla-Salas M, Ibanez-Nolla J, et al. A prospective, 
randomized study in critically ill patients using the Oligon Vantex 
catheter. J Hosp Infect 2003; 55: 212–19.

112 Bong JJ, Kite P, Wilco MH, McMahon MJ. Prevention of catheter 
related bloodstream infection by silver iontophoretic central venous 
catheters: A randomized controlled trial. J Clin Pathol 2003; 56: 731–35.

113 Moretti EW, Ofstead CL, Kristy RM, Wetzler HP. Impact of central 
venous catheter type and methods on catheter-related colonization 
and bacteraemia. J Hosp Infect 2005; 61: 139–45.

114 Randolph AG, Cook DJ, Gonzales CA, Andrew M. Benefi t of heparin 
in central venous and pulmonary artery catheters: meta-analysis of 
randomized controlled trials. Chest 1998; 113: 165–71.

115 Goode CJ, Titler M, Rakel B, et al. A meta-analysis of eff ects of 
heparin fl ush and saline fl ush: quality and cost implications. 
Nurs Res 1991; 40: 327–30.

116 Shanks RM, Donegan NP, Graber ML, et al. Heparin stimulates 
Staphylococcus aureus biofi lm formation. Infect Immun 2005; 73: 
4596–606.

117 Safdar N, Maki DG. Use of vancomycin-containing lock or fl ush 
solutions for prevention of bloodstream infection associated with 
central venous access devices: a meta-analysis of prospective, 
randomized trials. Clin Infect Dis 2006; 43: 474–84.

118 Dogra GK, Herson H, Hutchison B, et al. Prevention of tunneled 
hemodialysis catheter-related infections using catheter-restricted 
fi lling with gentamicin and citrate: a randomized controlled study. 
J Am Soc Nephrol 2002; 13: 2133–39.

119 Henrickson KJ, Axtell RA, Hoover SM, et al. Prevention of central 
venous catheter-related infections and thrombotic events in 
immunocompromised children by the use of vancomycin/
ciprofl oxacin/heparin fl ush solution: a randomized, multicenter, 
double-blind trial. J Clin Oncol 2000; 18: 1269–78.

120 Garland JS, Henrickson KJ, Maki DG. A prospective randomized trial 
of vancomycin-heparin lock for prevention of catheter-related 
bloodstream infection in an NNICU. 2002 Annual Meeting of the 
Pediatric Academic Societies; Baltimore, MD, USA; May 4–7, 2002. 
Abstract 1734.

121 Bleyer AJ, Mason L, Russell G, Raad II, Sherertz RJ. A randomized, 
controlled trial of a new vascular catheter fl ush solution (minocycline-
EDTA) in temporary hemodialysis access. Infect Control Hosp 
Epidemiol 2005; 26: 520–24.

122 Rackoff  WR, Weiman M, Jacobowski D, et al. A randomized, 
controlled trial of the effi  cacy of a heparin and vancomycin solution in 
preventing central venous catheter infections in children. J Pediatr 
1995; 127: 147–51.

123 Daghistani D, Horn M, Rodriguez Z, Schoenike S, Toledano S. 
Prevention of indwelling central venous catheter sepsis. 
Med Pediatr Oncol 1996; 26: 405–08.



 http://infection.thelancet.com   Vol 7   October 2007 657

Review

124 Raad I, Hanna H, Jiang Y, et al. Comparative activities of daptomycin, 
linezolid, and tigecycline against catheter-related methicillin-resistant 
Staphylococcus bacteremic isolates embedded in biofi lm. Antimicrob 
Agents Chemother 2007; 51: 1656–60.

125 Raad I, Chatzinikolaou I, Chaiban G, et al. In vitro and ex vivo activity 
of minocycline and EDTA against microorganisms embedded in 
biofi lm on catheter surfaces. Antimicrob Agents Chemother 2003; 47: 
3580–85.

126 Raad I, Hachem R, Tcholakian RK, Sherertz R. Effi  cacy of 
minocycline and EDTA lock solution in preventing catheter-related 
bacteraemia, septic phlebitis, and endocarditis in rabbits. 
Antimicrob Agents Chemother 2002; 46: 327–32.

127 Chatzinikolaou I, Zipf TF, Hanna H, et al. Minocycline-
ethylenediaminetetraacetate lock solution for the prevention of 
implantable port infections in children with cancer. Clin Infect Dis 
2003; 36: 116–19.

128 Jerewitsch B, Lee T, Park J, Jeejeebhoy K. Taurolidine 2% as an 
antimicrobial lock solution for prevention of recurrent catheter-
related bloodstream infections. JPEN J Parenter Enteral Nutr 1998; 22: 
242–44.

129 Danenberg C, Bierbach U, Roth A, Beer J, Körholz D. Ethanol-lock 
technique in the treatment of bloodstream infections in pediatric 
oncology patients with Broviac catheter. J Pediatr Hematol Oncol 2003; 
25: 616–21.

130 Onland W, Shin CE, Fustar S, Rushing T, Wong WY. Ethanol-lock 
technique for persistent bacteraemia of long-term intravascular 
devices in pediatric patients. Arch Pediatr Adolesc Med 2006; 160: 
1049–53.

131 Pronovost P, Needham D, Berenholz S, et al. An intervention to 
decrease catheter-related bloodstream infections in the ICU. 
N Engl J Med 2006; 355: 2725–32.

132 Wenzel RP, Edmond MB. Team-based prevention of catheter-related 
infections. N Engl J Med 2006; 355: 2781–83.

133 McCarney R, Warner J, Iliff e S, van Haselen R, Griffi  n M, FisherP. 
The Hawthorne Eff ect: a randomised, controlled trial. BMC Med Res 
Methodol 2007; 7: 30.

134 Gastmeier P, Geff ers C, Brandt C, et al. Eff ectiveness of nationwide 
nosocomial infection surveillance system for reducing nosocomial 
infections. J Hosp Infect 2006; 64: 16–22.

135 Bhutta A, Gilliam C, Honeycutt M, et al. Reduction of bloodstream 
infections associated with catheters in paediatric intensive care unit: 
stepwise approach. BMJ 2007; 334: 362–65.

136 Costa SF, Miceli MH, Anaissie EJ. Mucosa or skin as source of 
coagulase-negative staphylococcal bacteraemia? Lancet Infect Dis 2004; 
4: 278–86.

137 Costa SF, Barone AA, Miceli MH, et al. Colonization and molecular 
epidemiology of coagulase-negative staphylococcal bacteraemia in 
cancer patients: a pilot study. Am J Infect Control 2006; 34: 36–40.

138 Chatzilikolau I, Hanna H, Darouiche R, Samonis G, Tarrand J, 
Raad I. Prospective study of the value of quantitative culture of 
organisms from blood collected through central venous catheters in 
diff erentiating between contamination and bloodstream infection. 
J Clin Microbiol 2006; 44: 1834–35.

139 Raad I, Davis S, Khan A, Tarrand J, Bodey GP. Catheter removal 
aff ects recurrence of catheter-related coagulase-negative staphylococci 
bacteraemia (CRCNSB). Infect Control Hosp Epidemiol 1992; 13: 
215–21.

140 Farber BF, Kaplan MH, Clogston AG. Staphylococcus epidermidis 
biofi lm associated with silicone elastomer. Antimicrob Agents 
Chemother 1990; 161: 37–40.

141 Raad I, Buzaid A, Rhyne J, et al. Minocyclnie and ethylenediamine-
tetraacetate for the prevention of recurrent vascular catheter 
infections. Clin Infect Dis 1997; 25: 149–51.

142 Metcalf SC, Chambers ST, Pithie AD. Use of ethanol locks to prevent 
recurrent central line sepsis. J Infect 2004; 49: 20–22.

143 Raad I, Hanna H, Dvorak T, Chaiban G, Hachem R. Optimal 
antimicrobial catheter lock solution, using diff erent combinations of 
minocycline, EDTA, and 25-percent ethanol, rapidly eradicates 
organisms embedded in biofi lm. Antimicrob Agents Chemother 2007; 
51: 78–83.

144 Raad I, Darouiche R, Vazquez J, et al. Effi  cacy and safety of weekly 
dalbavancin in the treatment of catheter-related bloodstream 
infections due to Gram-positive pathogens. Clin Infect Dis 2005; 40: 
374–80.  

145 Carpenter CF, Chambers HF. Daptomycin: another novel agent for 
treating infection due to drug-resistant Gram-positive pathogens. 
Clin Infect Dis 2004; 38: 994–1000.

146 FDA. FDA information for healthcare professionals: linezolid 
(marketed as Zyvox). FDA alert: March 16, 2007. http://www.fda.gov/
cder/drug/InfoSheets/HCP/linezolidHCP.pdf (accessed Aug 28, 
2007).

147 Fowler VG, Sanders LL, Sexton DJ, et al. Outcome of Staphylococcus 
aureus bacteraemia according to compliance with recommendations 
of infectious disease specialists: experience with 244 patients. 
Clin Infect Dis 1998; 27: 478–86.

148 Dugdale DC, Ramsey P. Staphylococcus aureus bacteraemia in patients 
with Hickman catheters. Am J Med 1990; 89: 137–41.

149 Malanoski G, Samore M, Pefanis A, Karchmer AW. Staphylococcus 
aureus bacteraemia: minimal eff ective therapy and unusual infectious 
complications associated with arterial sheath catheters. 
Arch Intern Med 1995; 155: 1161–66.

150 Poole CV, Carlton D, Bimbo L, Allon M. Treatment of catheter-related 
bacteraemia with an antibiotic lock protocol: eff ect of bacterial 
pathogen. Nephrol Dial Transplant 2004; 19: 1237–44.

151 Schinabeck MK, Long L, Hossain M, Chandra J, Mukherjee PK, 
Ghannoum MA. In vivo effi  cacy of ethanol lock therapy against 
C albicans, S epidermidis, and S aureus catheter-related infections. 
42nd Annual Meeting of the Infectious Diseases Society of America; 
Boston, MA, USA; Sept 30–Oct 3, 2004. Abstract 162.

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

153 Fowler VG Jr, Olsen MK, Corey R, et al. Clinical identifi ers of 
complicated Staphylococcus aureus bacteraemia. Arch Intern Med 2003; 
163: 2066–71.

154 Ghanem GA, Boktour M, Warneke C, et al. Catheter-related 
Staphylococcus aureus bacteremia in cancer patients: high rate of 
complications with therapeutic implications. Medicine 2007; 86: 
54–60.

155 Abdelkefi  A, Ben Romdhane N, Kriaa A, et al. Prevalence of inherited 
prothrombotic abnormalities and central venous catheter-related 
thrombosis in haematopoietic stem cell transplants recipients. 
Bone Marrow Transplant 2006; 36: 885–89.

156 Elting LS, Bodey GP. Septicemia due to Xanthomonas species and 
non-aeruginosa Pseudomonas species: increasing incidence of 
catheter-related infections. Medicine 1990; 69: 196–206.

157 Hanna H, Afi f C, Alakech B, et al. Central venous catheter-related 
bacteraemia due to Gram-negative bacilli: signifi cance of catheter-
removal in preventing relapse. Infect Control Hosp Epidemiol 2004; 25: 
646–49.

158 Nguyen MH, Peacock JE Jr, Tanner DC, et al. Therapeutic approaches 
in patients with candidemia: evaluation in a multicenter, prospective 
observational study. Arch Intern Med 1995; 155: 2429–35.

159 Nucci M, Colombo AL, Silveira F, et al. Risk factors for death in 
patients with candidemia. Infect Control Hosp Epidemiol 1998; 19: 
846–50.

160 Hung C-C, Chen Y-C, Chag S-C, Lu K-T, Hsieh W-C. Nosocomial 
candidemia in a university hospital in Taiwan. J Formos Med Assoc 
1996; 95: 19–28.

161 Rex JH, Bennett JE, Sugar AM, et al. Intravascular catheter-exchange 
and duration of candidemia. Clin Infect Dis 1995; 21: 995–96.

162 Karkowicz MG, Hashimoto LN, Kelly RE, Buescher ES. Should 
central venous catheters be removed as soon as candidemia is 
detected in neonates? Pediatrics 2000; 106: E63.

163 Raad I, Hanna H, Boktour M, et al. Management of central venous 
catheters in patients with cancer and candidemia. Clin Infect Dis 2004; 
38: 1119–27.

164 Mora-Duarte J, Betts R, Rotstein C, et al. Comparison of caspofungin 
and amphotericin B for invasive candidiasis. N Engl J Med 2002; 347: 
2020–09.

165 Kuse ER, Chetchotisakd P, da Cunha CA, et al. Micafungin versus 
liposomal amphotericin B for candidaemia and invasive candidosis: 
a phase III randomised double-blind trial. Lancet 2007; 369: 1519–27.

166 Reboli AC, Rotstein C, Pappas PG, et al. Anidulafungin versus 
fl uconazole for invasive candidiasis. N Engl J Med 2007; 356: 2472–82.


	Intravascular catheter-related infections: advances in diagnosis, prevention, and management
	Introduction
	Types of intravascular devices
	Non-tunnelled and tunnelled CVCs
	Implantable ports
	Peripherally inserted CVCs

	Clinical manifestations and definitions
	Local catheter infections
	Systemic catheter infections

	Diagnosis: quantitative methods
	Catheter-sparing diagnostic methods
	Simultaneous quantitative blood cultures
	Differential time to positivity
	Catheter-drawn quantitative blood cultures
	Acridine orange leucocyte cytospin
	Endoluminal brush

	Diagnostic methods requiring catheter removal
	Semiquantitative roll-plate catheter culture
	Quantitative catheter segment cultures
	Microscopy of stained catheters


	Novel preventive strategies
	Cutaneous antisepsis
	Maximum sterile barrier
	Chlorhexidine-impregnated sponge
	Antimicrobial catheters
	Antiseptic catheters
	Antibiotic-coated catheters
	Silver-impregnated catheters

	Antimicrobial catheter lock
	Antiseptic practice versus novel technology

	Management: a multifaceted approach
	Coagulase-negative Staphylococcus spp
	Staphylococcus aureus
	Gram-negative bacilli
	Candida species

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




