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Intravascular devices (IVDs) are widely used for vascular access but are associated with substantial risk of development of

IVD-related bloodstream infection (BSI). The development of novel technologies, which are based on an understanding of

pathogenesis, promises a quantum reduction in IVD-related infections in an era of growing nursing shortages. Infections of

short-term IVDs (that is, those in place !10 days), including peripheral venous catheters, noncuffed and nontunneled central

venous catheters (CVCs), and arterial catheters, derive mainly from microorganisms colonizing the skin around the insertion

site, which most often gain access extraluminally. More-effective cutaneous antiseptics, such as chlorhexidine, a chlorhexidine-

impregnated sponge dressing, CVCs with an anti-infective coating, anti-infective CVC hubs, and novel needleless connectors,

have all been shown to reduce the risk of IVD-related BSI in prospective randomized trials. The challenge for the future will

be to identify new preventative technologies and to begin to adapt more widely those technologies already shown to be

efficacious and cost-effective.

Reliable vascular access is one of the most essential features of

modern medical care. Unfortunately, the intravascular devices

(IVDs) needed to establish reliable access are associated with

a significant potential for producing iatrogenic disease, partic-

ularly bacteremia and candidemia [1–3]. More than 250,000

IVD-related (IVDR) bloodstream infections (BSIs) occur in the

United States each year [1], each associated with attributable

mortality rates of 12%–25% [4, 5], prolongation of hospital

stay [4–7], and an added health care cost of $33,000–$35,000

[4–7].

By drawing on the growing knowledge of the pathogenesis

and epidemiology of these infections, effective guidelines for

the prevention of BSIs can be formulated. This review will first
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examine the pathogenesis and magnitude of IVDR BSIs and

discuss the use of novel technology for the prevention of IVDR

BSIs involving short-term IVDs. A subsequent article will re-

view technologic advances for the prevention of IVDR BSI

involving long-term IVDs.

NATURE OF THE PROBLEM

Prospective studies in which every IVD was cultured at the time

of removal show that every type of device carries some risk of

causing BSI, but that the magnitude of risk varies greatly [8].

The device that poses the greatest risk of IVDR BSI today is

the central venous catheter (CVC) in its many forms: up to

75% of IVDR BSIs originate from CVCs of various types [4–10],

and CVCs are the most important risk factor for nosocomial

candidemia [11]. Short-term, noncuffed, single-lumen or mul-

tilumen catheters inserted percutaneously into the subclavian

or internal jugular vein have been shown to have rates of cath-

eter-related BSI in the range of 3%–5% (table 1) [1, 2, 8].

Contrary to common belief, arterial catheters used for he-

modynamic monitoring pose a risk of catheter-related BSI com-

parable to that of short-term CVCs [8].
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Table 1. Rates of bloodstream infection (BSI) caused by various types of devices used for
vascular access.

Device

No. of
prospective

studies

No. of device-related BSIs

Per 100
catheters

Per 1000
catheter-days

Pooled
mean 95% CI

Pooled
mean 95% CI

Peripheral venous catheter 13 0.2 0.1–0.3 0.6 0.3–1.2

Arterial catheter 6 1.5 0.9–2.4 2.9 1.8–4.5

Short-term, nonmedicated CVC 61 3.3 3.3–4.0 2.3 2.0–2.4

Pulmonary-artery catheter 12 1.9 1.1–2.5 5.5 3.2–12.4

Hemodialysis catheter

Noncuffed 15 16.2 13.5–18.3 2.8 2.3–3.1

Cuffed 6 6.3 4.2–9.2 1.1 0.7–1.6

Peripherally inserted central catheter 8 1.2 0.5–2.2 0.4 0.2–0.7

Long-term tunneled and cuffed CVC 18 20.9 18.2–21.9 1.2 1.0–1.3

Subcutaneous central venous port 13 5.1 4.0–6.3 0.2 0.1–0.2

NOTE. Adapted from Kluger and Maki [8] based on 206 published prospective studies in which every device
was evaluated for infection. CVC, central venous catheter.

PATHOGENESIS OF IVDR BSI

There are 2 major sources of IVDR BSI: (1) colonization of

the IVD, or “catheter-related infection,” and (2) contamination

of the fluid administered through the device, or “infusate-re-

lated infection” [12]. Contaminated infusate is the cause of

most epidemic IVDR BSIs; this source has been reviewed else-

where [1]. In contrast, catheter-related infections are respon-

sible for most endemic IVDR BSIs and constitute the focus of

this review.

For microorganisms to cause catheter-related infection, they

must first gain access to the extraluminal or intraluminal sur-

face of the device, where they can adhere and become incor-

porated into a biofilm that allows sustained infection and he-

matogenous dissemination [13]. Microorganisms gain access

by 1 of the 3 following mechanisms: (1) skin organisms invade

the percutaneous tract, probably facilitated by capillary action

[14], at the time of insertion or in the days afterward; (2)

microorganisms contaminate the catheter hub (and lumen)

when the catheter is inserted over a percutaneous guidewire or

when it is later manipulated [15]; or (3) organisms are carried

hematogenously to the implanted IVD from remote sources of

local infection, such as a pneumonia (figure 1) [16, 17].

With short-term IVDs (i.e., those in place !10

days)—peripheral intravenous catheters, arterial catheters,

and noncuffed, nontunneled CVCs—most device-related BSIs

are of cutaneous origin, are from the insertion site, and gain

access extraluminally [18–20] and, occasionally, intralumi-

nally. In contrast, contamination of the catheter hub and lu-

men appears to be the predominant mode of BSI with long-

term, permanent IVDs (i.e., those in place �10 days), such

as cuffed Hickman- and Broviac-type catheters, cuffed he-

modialysis CVCs, subcutaneous central venous ports, and pe-

ripherally inserted central catheters [21–24].

STRATEGIES FOR PREVENTION OF IVDR BSI

Detailed recommendations for the prevention of IVDR BSI

were first published in 1973 [12], then by the Hospital Infection

Control Practices Advisory Committee (HICPAC) in 1981 and

again in 1996, and are being updated again [25]. With more

consistent implementation of preventative measures (table 2),

during the past decade, the incidence of primary IVD-associ-

ated BSI has decreased by nearly 40% [26]. Given a growing

and critical shortage of nursing staff [27] and the growing

evidence that nursing understaffing, especially in intensive care

units (ICUs), greatly increases the risk of IVDR BSI [28], we

believe that a further reduction in risk will require wider adop-

tion of novel preventative technologies.

NOVEL TECHNOLOGY FOR PREVENTION
OF SHORT-TERM IVDR BSI

During the past 2 decades, many investigators have examined

the utility of novel technologies for prevention of IVDR BSI,

with greater progress than has been achieved for any other type

of nosocomial infection. Table 3 lists the results of a meta-

analysis [29] of all of the clinical trials of each novel technology

for short-term IVDs that could be found; the data given are

only for prospective, randomized trials that used IVDR BSI as

an outcome measure.
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Figure 1. Potential sources of infection of a percutaneous intravascular device (IVD): the contiguous skin flora, contamination of the catheter hub
and lumen, contamination of infusate, and hematogenous colonization of the IVD from distant, unrelated sites of infection [1]. HCW, health care
worker.

Cutaneous Antisepsis

Given the evidence of the importance of cutaneous microor-

ganisms in the pathogenesis of short-term IVDR infection,

measures to reduce colonization of the insertion site would

seem to be of the highest priority, particularly the choice of

the chemical antiseptic for disinfection of the insertion site. In

the United States, iodophors, such as 10% povidone-iodine,

are used most widely [30]. Eight randomized, prospective trials

have compared a chlorhexidine-containing antiseptic with ei-

ther povidone-iodine or alcohol for preparation of the skin

before insertion of IVDs [31–38], 5 of which specifically ex-

amined the antiseptic’s role in the prevention of IVDR BSI

involving CVCs and arterial catheters [31–35].

The agents were well tolerated in every trial. Seven of 8 trials

[31–33, 35–38] found lower rates of catheter colonization in

the chlorhexidine-containing antiseptic group, and 3 of 5 of

the trials involving CVCs and arterial catheters showed a sig-

nificant reduction in CVC-related BSIs [31, 33, 35]. A meta-

analysis of the 5 trials of CVCs and arterial catheters (table 3)

suggests that a chlorhexidine-containing antiseptic is superior

to iodophors and indicates that, at the present time, it should

be the antiseptic of first choice for vascular access sites [25].

Topical Anti-infective Creams or Ointments

Periodic application of a polyantibiotic ointment containing

polymyxin, neomycin, and bacitracin was perhaps the first tech-

nologic innovation aimed at prevention of IVDR BSI. Five

prospective randomized trials involving peripheral iv catheters

conducted during 1969–1986, in aggregate, showed no clear-

cut benefit for prevention of IVDR BSI [39–43], but they did

show a 5-fold increased risk of catheter colonization by Candida

species [44].

Three subsequent trials of povidone-iodine ointment applied

onto CVC insertion sites yielded discrepant results (table 3). A

small trial that used povidone-iodine ointment with hemodi-

alysis catheters showed a marked reduction in the rate of cath-

eter-related BSIs caused by Staphylococcus aureus (2% vs. 17%;

) [45]. Conversely, 2 larger trials involving all-purposeP ! .01

CVCs, primarily in an ICU patient population, showed no

benefit whatsoever [43, 46].

More recently, the novel antistaphylococcal topical agent mu-

pirocin was shown to be effective for preventing colonization

of short-term noncuffed CVCs in a randomized trial [47], and

a recent study involving patients undergoing hemodialysis dem-

onstrated a significant reduction in the incidence of S. aureus

BSIs (3% vs. 22% of catheters; ; table 3) [48]. However,P ! .001

the routine use of topical mupirocin for the prevention of CVC-

related BSI in a large European neonatal unit resulted in a 42%

prevalence of mupirocin resistance among clinical isolates of

coagulase-negative staphylococci [49]. Furthermore, heavy use

of this agent for the control of an outbreak of infection with

methicillin-resistant S. aureus in another center led to high-

level mupirocin resistance in clinical S. aureus isolates [50].

Mupirocin is a valuable agent for decolonization of methicillin-

resistant S. aureus carriers [51]. We believe that its routine use

on vascular catheter sites will promote resistance. Routine use
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Table 2. General recommendations for the prevention of intravascular device–related (IVDR) bloodstream
infections (BSIs).

Recommendation
Strength of
evidencea

General measures

Educate all health care workers involved with vascular access regarding indications for use, proper insertion
technique, and maintenance of IVDs

IA

Surveillance

Routinely monitor institutional rates of IVDR BSI IA

Determine rates of CVC-related BSI, using standardized definitions and denominators, expressed per 1000
CVC-days

IB

At insertion

Use aseptic technique

Wash hands before insertion or manipulation of any IVD IA

Wear clean or sterile gloves during insertion or manipulation of noncentral IVD IC

Use maximal barrier precautions (mask, cap, long-sleeved sterile gown, sterile gloves, and sterile sheet
drape) during insertion of CVCs

IA

Use dedicated intravenous-device teams strongly recommended IA

Use cutaneous antisepsis (chlorhexidine is preferred; however, an iodophor, such as 10% povidone-iodine,
tincture of iodine, or 70% alcohol are also acceptable)

IA

Use of sterile gauze or a sterile semipermeable polyurethane film dressing IA

Use of systemic antibiotics at insertion strongly discouraged IA

Maintenance

Remove IVDs as soon as their use is no longer essential IA

Monitor the IVD site on regular basis—ideally, daily IB

Change dressing of CVC insertion site at least weekly II

Use of topical antibiotic ointments not recommended IA

Perform systemic anticoagulation with low-dose warfarin (1 mg daily) for patients with long-term IVDs and no
contraindication

IA

Replace PIVCs every 96 h IA

Replace administration sets every 96 h, unless lipid-containing admixture or blood products given, in which case
administration sets should be replaced every 24 h

IA

Technology

Consider use of chlorhexidine-impregnated sponge dressing for adolescent and adult patients who have non-
cuffed CVCs or arterial catheters expected to remain in place for �4 days

NR

If, after consistent application of basic infection-control precautions, the institutional rate of IVDR BSI is still high
for short-term CVCs (i.e., �3.3 BSIs per 1000 IVD-days), consider the use of a CVC coated with an anti-
infective agent (i.e., chlorhexidine–silver sulfadiazine or minocycline-rifampin)

IB

For individual patients with long-term IVDs in place who have had recurrent IVDR BSIs, despite consistent
application of infection-control practices, consider the use of a prophylactic antibiotic lock solution (i.e.,
heparin with vancomycin [25 mg/mL] with or without ciprofloxacin [2 mg/mL])

II

NOTE. Adapted from the Healthcare Infection Control Practices Advisory Committee (HICPAC) draft guideline for the prevention
of intravascular catheter–related infections [25]. CVC, central venous catheter; IVD, iv device; PIVC, peripheral iv catheter.

a Adapted from the Centers for Disease Control/HICPAC system for weighting recommendations based on the quality of scientific
evidence. IA, strongly recommended for implementation and strongly supported by well-designed experimental, clinical, or epide-
miological studies; IB, strongly recommended for implementation and supported by some experimental, clinical, or epidemiological
studies and a strong theoretical rationale; II, suggested for implementation and supported by suggestive clinical or epidemiological
studies or theoretical rationale; NR, no recommendation for or against use at this time.

of mupirocin and other topical anti-infectives on IVD insertion

sites is discouraged in the new HICPAC guideline [25].

Novel Dressings

IVDs can be dressed with sterile gauze and tape or with a sterile,

transparent, semipermeable polyurethane film dressing. The

available data suggest that the 2 types of dressings are equivalent

in terms of their effect on IVDR BSIs, including those involving

short-term CVCs (table 3) [52–58].

Studies directly comparing different types of polyurethane

dressings have not found differences in rates of catheter col-

onization or IVDR infection between standard polyurethane

dressings and new hyperpermeable polyurethane dressings

(OpSite IV3000, Smith and Nephew; Tegaderm Plus, 3M) (table

3) [59, 60]. A small study found that use of a novel hydrocolloid

dressing (Visiband; Convatec-Squibb) was associated with re-

duced cutaneous colonization, compared with standard poly-

urethane dressings [61]; however, a larger randomized trial

failed to show any benefit, finding a higher rate of catheter

colonization and BSI in the hydrocolloid dressing group (table

3) [62].

The results of trials of polyurethane dressings, which contain
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Table 3. Meta-analyses of prospective, randomized, clinical trials of novel technologies for prevention
of intravenous device–related bloodstream infections in patients with short-term central venous catheters
(CVCs) in place.

Technology
No. of
trials

No. of CRBSIs/
no. of CVCs studied

RR (95% CI) P
Study

technology
Control
device

Chlorhexidine (vs. povidone-iodine)
cutaneous antisepsis 5 14/931 33/1213 0.55 (0.22–1.15) .07

Topical anti-infective cream/ointment

Povidone-iodine ointment 3 10/212 23/228 0.47 (0.14–1.21) .04

Mupirocin ointment 1 1/69 10/67 0.10 (0.00–1.24) !.01

Dressings

Polyurethane (vs. gauze) 7 27/1070 20/725 0.97 (0.43–1.89) .76

Hydrocolloid 1 5/77 1/78 5.06 (0.38 to 150) .12

Hyperpermeable polyurethane 2 3/259 4/206 0.60 (0.02–8.73) .70

Chlorhexidine sponge 1 8/665 24/736 0.37 (0.17–0.81) .01

Silver-impregnated cuff 5 10/283 14/247 0.62 (0.28–1.38) .30

Anti-infective–coated or –impregnated CVC

Benzalkonium chloride 2 1/131 3/123 0.31 (0.00 –22.90) .36

Chlorhexidine–silver sulfadiazine 15 68/2100 107/2135 0.65 (0.45–0.90) !.01

Minocycline-rifampin 1 0/130 7/136 0.00 (0.00–2.80) .02

Minocycline-rifampin (vs. chlorhexi-
dine–silver sulfadiazine) 2 1/394 14/418 0.08 (0.00–0.81) !.01

Silver impregnated 4 18/260 42/246 0.40 (0.24–0.68) !.01

Silver iontophoretic 3 8/275 21/295 0.41 (0.18–0.91) .02

Anti-infective hub connector

Antiseptic hub 2 9/144 15/137 0.57 (0.15–1.61) .20

Povidone-iodine sponge wrap 1 0/22 6/25 0.00 (0.00–3.69) .02

Needleless connectors 2 4/245 21/263 0.20 (0.07–0.59) !.01

NOTE. Data are only from prospective, randomized trials that involved short-term centrally placed central venous catheters
(CVCs) and that reported intravenous device–related bloodstream infection as an outcome. CRBSI, catheter-relatedbloodstream
infection.

an antiseptic, such as povidone-iodine [63] or ionized silver

[64], have also been disappointing. However, on the basis of

the superiority of chlorhexidine for cutaneous disinfection of

vascular access sites, a novel chlorhexidine-impregnated sponge

dressing has been developed (Biopatch; Johnson & Johnson

Medical) and evaluated in 3 trials to date (table 3) [65–67].

In a randomized trial by Hanazaki et al. [65], use of the

chlorhexidine dressing was associated with significantly lower

rates of cutaneous colonization of the catheter insertion site

(0% vs. 10.9%; ); however, no efforts were made toP ! .01

identify colonization of catheters or catheter-related BSI. A

large, prospective, randomized trial comparing the use of the

chlorhexidine dressing to a standard polyurethane dressing with

short-term CVCs and arterial catheters in adults admitted to

2 teaching hospital ICUs showed a 60% reduction in the rate

of catheter-related BSIs (RR, 0.37; ; table 3) with useP p .01

of the chlorhexidine sponge dressing, and no adverse reactions

were associated with its use [67]. Moreover, testing of the in

vitro susceptibility of isolates recovered from infected catheters

in both groups showed no evidence that the antiseptic dressing

promoted resistance to chlorhexidine.

Attachable Silver-Impregnated Cuff

A tissue-interface barrier (Vitacuff; Vitaphore Corporation) in-

corporates the technology of Hickman catheters with an at-

tachable cuff made of biodegradable collagen to which silver

ion is chelated. The cuff can be attached to any short-term

CVC or Swan-Ganz introducer at the time of insertion. Re-

leased silver ions provide an additional chemical barrier against

introduced contamination.

Clinical trials of the attachable cuff involving short-term

CVCs have had conflicting results (table 3) [44, 68–71]. Two

of 5 studies demonstrated a significant reduction in the pro-

portion of devices colonized with the use of an attachable cuff,

but only 1 study was able to show a significant reduction in
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the number of CVC-related BSIs [68]. The tendency of the cuff

to be extruded has been offered as an explanation for its limited

utility in preventing infections involving short-term CVCs.

Anti-infective Catheter Surfaces

Given the multiplicity of potential sources for infection of an

IVD and the importance of adherence of microorganisms to

the catheter surface in the pathogenesis of infection, the most

effective strategy for prevention might be to develop a catheter

with a surface material that is intrinsically resistant to colo-

nization. Coating the catheter surface with a nontoxic antiseptic

or antimicrobial drug, or incorporating such a substance into

the catheter material itself, might prove to be an important

technologic innovation for the prevention of IVDR infection.

Benzalkonium-impregnated CVCs. Heparin is now com-

monly bonded to the external surface of pulmonary-artery

Swan-Ganz catheters during their manufacture [72]. Because

the surfactant used to bind the heparin, benzalkonium chloride,

has antimicrobial activity, heparin-bonded catheters exhibit

surface antimicrobial activity in vitro [73]. Although no ran-

domized clinical trial has specifically examined this issue for

catheters in situ, an analysis of prospective studies of Swan-

Ganz catheter–related infection suggests that heparin bonding

leads to reduced rates of infection [73].

This serendipitous discovery prompted 2 randomized trials

of a benzalkonium-impregnated, short-term multilumen CVC

[74, 75]. Although the impregnated catheter was well tolerated

and catheter colonization was significantly reduced in one of

the trials [74], neither trial showed benefit for the prevention

of BSIs (table 3).

Chlorhexidine–silver sulfadiazine–impregnated catheters.

A novel CVC made of polyurethane impregnated with minute

quantities of silver sulfadiazine and chlorhexidine (ArrowGard;

Arrow International) became available ∼10 years ago. There

have now been 15 randomized trials of this catheter for pre-

vention of CVC-related infection [76–90]. Most of the trials

have demonstrated a reduction in the rate of CVC colonization,

but only 2 were able to show a significant reduction in the

number of CVC-related BSIs [82, 89]. In the most rigorous

study to date [82], which used molecular subtyping to conclu-

sively identify CVC-related BSIs, use of the antiseptic catheter

was associated with a 2-fold reduction in the incidence of cath-

eter colonization and a 5-fold reduction in the rate of catheter-

related BSIs (RR, 0.21; ). In vitro analysis of 58 isolatesP p .03

recovered from infected catheters from the 2 groups showed

no evidence that use of the antiseptic catheter induced resis-

tance to chlorhexidine and silver sulfadiazine. Use of the an-

tiseptic catheter was shown to be highly cost-effective when

baseline rates of CVC-related BSI exceeded 2% (i.e., 3.3 cases

per 1000 IVD-days).

Recent meta-analyses by Veenstra et al. [91] and Mermel [3]

have shown that chlorhexidine–silver sulfadiazine–impregnated

CVCs reduce rates of CVC-related BSI by at least 40% (OR,

0.40–0.56). Veenstra et al. [91] have also published cost analyses

suggesting that use of the antiseptic CVC is cost-effective when

the incidence of CVC-related BSI is greater than 0.4 BSIs per

1000 IVD-days [92, 93]; they project that, for every 300 anti-

septic catheters used, $59,000 will be saved, 7 cases of BSIs will

be avoided, and 1 death will be prevented.

These studies confirm that the chlorhexidine–silver sulfa-

diazine–impregnated CVC is effective for reducing rates of

catheter-related BSI in patients at high risk of infection who

require short-term central venous access. Studies involving

CVCs left in place for 11 week have generally found less benefit

[76, 77, 79, 81, 83], probably because the antiseptic catheter

begins to lose surface antimicrobial activity during the first 72

h after placement [78], decreasing to 25% of its baseline value

within 10 days in situ [83].

In vivo resistance to the chlorhexidine–silver sulfadiazine

combination has not been reported; however, chlorhexidine

resistance was inducible in vitro in an isolate of Pseudomonas

stutzeri [94]. Although clinical trials in the United States have

not reported adverse effects from use of the catheter, 12 cases

of anaphylactoid reactions have been reported from Japan (∼1

case per 8300 catheters placed) [95], and a case of anaphylactic

shock has been reported from the United Kingdom [96]. There

have been no reports of reactions from the United States, where

13 million catheters have been sold through the year 2000;

suspected adverse reactions should be reported to the US Food

and Drug Administration [95].

Antibiotic-coated catheters. In a randomized clinical trial

involving use of CVCs and arterial catheters in a surgical ICU,

catheters with cefazolin bonded to the surface with benzalkon-

ium chloride were associated with a 7-fold reduction in the

rate of catheter colonization; however, there were no catheter-

related BSIs identified in the study [97]. A subsequent historical

analysis in their ICU found that routine use of cefazolin-coated

catheters was associated with a marked reduction in the rate

of catheter-related BSI (from 11.5 to 5.1 cases per 1000 IVD-

days; ) [98]. In these studies, no data were provided onP ! .01

whether the antibiotic-coated catheters promoted infection by

cefazolin- or other antibiotic-resistant organisms or yeasts.

Raad et al. [99, 100] proposed the use of a minocycline-

rifampin–coated catheter on the basis of in vitro and animal

data demonstrating potent activity of this novel combination

against gram-positive organisms, gram-negative organisms, and

Candida albicans. A randomized clinical trial involving nearly

300 short-term CVCs found that minocycline-rifampin–coated

catheters were associated with greatly reduced rates of catheter

colonization (8% of patients with coated catheters vs. 26% of

those without coated catheters; ; table 3) and CVC-P ! .001
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related BSIs (0% vs. 5%, respectively; ) [101]. No resis-P ! .01

tance to the minocycline-rifampin combination was detected.

A multicenter trial comparing minocycline-rifampin–coated

and chlorhexidine–silver sulfadiazine–impregnated CVCs found

that antibiotic-coated catheters were far less likely to be colonized

at removal (RR, 0.34; ) [102]. Although Kaplan-MeierP ! .001

analysis showed that the 2 catheters are equivalent with regard

to the risk of catheter-related BSI until day 7, overall rates of

BSI were much lower among patients who had the minocycline-

rifampin–coated catheter placed (0.3 vs. 4.1 cases per 1000 IVD-

days; ; table 3).P ! .001

The superiority of this catheter may lie in the fact that both

the external and internal surfaces of the catheter are coated,

whereas only the external surface of the antiseptic catheter was

coated. Moreover, the combination of minocycline and rifam-

pin exhibits surface activity against staphylococci that is far

superior to that of chlorhexidine-silver sulfadiazine [103], and

the antibiotic-coated catheter appears to retain surface anti-

microbial activity for longer periods in situ [100–104]. A new

CVC (ArrowGard Plus; Arrow International), which has a

higher level of chlorhexidine–silver sulfadiazine in the catheter

material and coating the external and internal surfaces as well

as the catheter hub, is now available, and its efficacy is being

evaluated in a multicenter randomized trial.

The major theoretical deterrents to the use of antibiotics for

coating percutaneous intravascular catheters are the ineffec-

tiveness of antibiotics against antibiotic-resistant nosocomial

bacteria and yeasts, the risk of promoting bacterial resistance

with long-term topical use [49, 105, 106], and the potential for

hypersensitization [107]. Although induction of resistance to

this antimicrobial combination has not been identified in the

3 clinical trials done to date [101, 102, 108], an in vitro study

has shown that resistance to the minocycline-rifampin com-

bination can develop [109]. Future studies should carefully

evaluate the long-term effect of anti-infective agent–coated

catheters on nosocomial microbial resistance.

Silver-impregnated catheters. A silver-coated or -impreg-

nated catheter is the only other surface modification that has

been evaluated in clinical trials (table 3) [110–115]. In a ran-

domized clinical trial involving patients in the oncology ward,

Goldschmidt et al. [110] found that a noncuffed silver-coated

CVC was one-half as likely as a control catheter to cause CVC-

related BSI (10.2% vs. 21.2% of catheters; ). A subse-P p .01

quent trial of the same technology failed to find any difference

in the rate of colonization of silver-coated CVCs, as compared

with that of control catheters, and there were no differences in

the rates of catheter-related BSI [112].

The equivocal efficacy of these first-generation silver cath-

eters has been ascribed to inadequate release of silver ions at

the catheter surface [116]. Two second-generation silver-im-

pregnated catheters have been studied clinically. The Erlanger

catheter uses a microdispersed silver technology to greatly in-

crease the quantity of available ionized silver and has been

evaluated in 2 trials [113, 114]. Patients in an adult study ran-

domized to the Erlanger catheter group had lower rates of

catheter colonization and rates of “catheter-associated sepsis”

than did patients in the control catheter arm (5.3 vs. 18.3 cases

per 1000 IVD-days; ).P ! .05

A novel silver-impregnated CVC that uses oligodynamic ion-

tophoresis technology has been developed and studied in 3

randomized trials. This technology incorporates both silver and

platinum into the polyurethane, promoting the local release of

silver ions. A large cohort study that used historical controls

demonstrated that rates of CVC-related BSI in the year that

the silver-platinum catheter was used exclusively were markedly

lower than rates seen in the years in which standard polyure-

thane CVCs were used (0% vs. 4%; ) [115]. Three small,P ! .001

randomized clinical trials have examined the efficacy of the

silver iontophoretic catheter [111, 117, 118]. Individually, these

trials failed to demonstrate a statistically significant reduction

in the risk of infection; however, pooled analysis of the results

suggests that this catheter can reduce the risk of IVDR BSI (RR,

0.41; ; table 3).P p .02

Active iontophoresis. Active iontophoresis is the newest

CVC technology to be developed. The application of a low-

amperage electrical current to carbon-impregnated CVCs [119]

or through silver wires wrapped around the proximal segment

of silicone CVCs [120] has been studied in vitro, with successful

results. Building on these results, a novel silver CVC through

which a low-level electrical current is passed has been devel-

oped. In vitro experiments with this technology suggest that

active iontophoresis can sterilize an established biofilm and can

prevent secondary biofilm formation on top of a dead biofilm,

a theoretical limitation of the passive anti-infective surface tech-

nologies. Although promising, this CVC technology has yet to

be evaluated in a clinical trial.

Anti-infective Hubs and Connectors

A novel CVC hub developed by Segura et al. [121] (Segur-

Lock; Inibsa Laboratories) contains a connecting chamber filled

with iodinated alcohol and was shown in a randomized clinical

trial to be associated with greatly reduced rates of catheter

colonization and CVC-related BSI (4% vs. 16%; ), al-P ! .01

though a subsequent trial failed to show benefit with the use

of this hub (table 3) [122]. Another model, which used a povi-

done-iodine–saturated sponge to encase the hub, also showed

significant reductions in CVC-related BSIs, as compared with

a control hub (0% vs. 24%; ; table 3) [123]. AlthoughP ! .05

noncuffed CVCs were studied in these trials, the catheters re-

mained in place for a considerably longer duration than usual

(14–21 days) in ICUs in the United States, which emphasizes

the importance of the intraluminal route of CVC-related BSI.
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The design of these trials and the definitions used for catheter-

related BSI and device colonization were not as rigorous as

those used in the trials of antiseptic- and antimicrobial-coated

catheters.

Needleless connectors have been shown to reduce the risk

of needlestick injuries in health care workers [124]; however,

their net benefit has been called into question by reports of

paradoxically increased rates of primary BSI [125]. Inappro-

priate use of these devices may have been responsible in some

instances [126]. Recent randomized clinical trials that com-

pared 2 novel needleless connectors with standard hub con-

nectors have shown a reduced risk of IVDR BSI (RR, 0.20;

; table 3) [127, 128].P p .001

Part 2 of this review, which will appear in the next issue of

Clinical Infectious Diseases, will discuss the utility of novel tech-

nology in preventing IVDR BSI with long-term IVDs.

References

1. Maki D, Mermel L. Infections due to infusion therapy. In: Bennett
JV, Brachman PS, eds. Hospital infections. 4th ed. Philadelphia: Lip-
pincott-Raven, 1998:689–724.

2. Raad I. Intravascular-catheter–related infections. Lancet 1998; 351:
893–8.

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

4. Arnow PM, Quimosing EM, Beach M. Consequences of intravascular
catheter sepsis. Clin Infect Dis 1993; 16:778–84.

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

6. Digiovine B, Chenoweth C, Watts C, Higgins M. The attributable
mortality and costs of primary nosocomial bloodstream infections in
the intensive care unit. Am J Respir Crit Care Med 1999; 160:976–81.

7. 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.

8. Kluger D, Maki D. The relative risk of intravascular device–related
bloodstream infections with different types of intravascular devices
in adults: a meta-analysis of 206 published studies [abstract]. Infect
Control Hosp Epidemiol 2000; 21:95–6.

9. Banerjee SN, Emori TG, Culver DH, et al. Secular trends in noso-
comial primary bloodstream infections in the United States,
1980–1989. National Nosocomial Infections Surveillance System. Am
J Med 1991; 91:86S–89S.

10. Collignon PJ. Intravascular catheter associated sepsis: a common
problem. The Australian Study on Intravascular Catheter Associated
Sepsis. Med J Aust 1994; 161:374–8.

11. Bross J, Talbot GH, Maislin G, Hurwitz S, Strom BL. Risk factors for
nosocomial candidemia: a case-control study in adults without leu-
kemia. Am J Med 1989; 87:614–20.

12. Maki DG, Goldman DA, Rhame FS. Infection control in intravenous
therapy. Ann Intern Med 1973; 79:867–87.

13. Marrie TJ, Costerton JW. Scanning and transmission electron mi-
croscopy of in situ bacterial colonization of intravenous and intra-
arterial catheters. J Clin Microbiol 1984; 19:687–93.

14. Cooper GL, Schiller AL, Hopkins CC. Possible role of capillary action
in pathogenesis of experimental catheter–associated dermal tunnel
infections. J Clin Microbiol 1988; 26:8–12.

15. Sitges-Serra A, Linares J, Garau J. Catheter sepsis: the clue is the hub.
Surgery 1985; 97:355–7.

16. Maki DG, Jarrett F, Sarafin HW. A semiquantitative culture method
for identification of catheter-related infection in the burn patient. J
Surg Res 1977; 22:513–20.

17. Maki DG, Hassemer CA. Endemic rate of fluid contamination and
related septicemia in arterial pressure monitoring. Am J Med 1981;
70:733–8.

18. 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; 92:720–7.

19. Cooper GL, Hopkins CC. Rapid diagnosis of intravascular cathe-
ter–associated infection by direct Gram staining of catheter segments.
N Engl J Med 1985; 312:1142–7.

20. Mermel LA, McCormick RD, Springman SR, Maki DG. The patho-
genesis and epidemiology of catheter-related infection with pulmo-
nary artery Swan-Ganz catheters: a prospective study utilizing mo-
lecular subtyping. Am J Med 1991; 91:197S-205S.

21. Cheesbrough JS, Finch RG, Burden RP. A prospective study of the
mechanisms of infection associated with hemodialysis catheters. J In-
fect Dis 1986; 154:579–89.

22. Flynn PM, Shenep JL, Stokes DC, Barrett FF. In situ management of
confirmed central venous catheter–related bacteremia. Pediatr Infect
Dis J 1987; 6:729–34.

23. Weightman NC, Simpson EM, Speller DC, Mott MG, Oakhill A.
Bacteraemia related to indwelling central venous catheters: preven-
tion, diagnosis and treatment. Eur J Clin Microbiol Infect Dis 1988;7:
125–9.

24. Maki DG, Narans LL, Banton J. A prospective study of the patho-
genesis of PICC-related BSI [abstract K-10]. In: Program and abstracts
of the 38th Interscience Conference of Antimicrobial Agents and Che-
motherapy (San Diego). Washington, DC: American Society for Mi-
crobiology, 1998:502.

25. O’Grady NP, Alexander M, Dellinger EP, et al. Draft guideline for the
prevention of intravascular catheter–related infections. Available at:
http://www.cdc.gov/neidod/hip/IVguide.com/; accessed on 15 Octo-
ber 2001.

26. Centers for Disease Control and Prevention. Monitoring hospital-
acquired infections to promote patient safety—United States,
1990–1999. MMWR Morb Mortal Wkly Rep 2000; 49:149–53.

27. Alexander M. The nursing shortage impacts the nursing profession
as a whole. J Intraven Nurs 2001; 24:143–4.

28. Robert J, Fridkin SK, Blumberg HM, et al. The influence of the
composition of the nursing staff on primary bloodstream infection
rates in a surgical intensive care unit. Infect Control Hosp Epidemiol
2000; 21:12–7.

29. Begg C, Cho M, Eastwood S, et al. Improving the quality of reporting
of randomized controlled trials: the CONSORT statement. JAMA
1996; 276:637–9.

30. Clemence MA, Walker D, Farr BM. Central venous catheter practices:
results of a survey. Am J Infect Control 1995; 23:5–12.

31. Maki DG, Ringer M, Alvarado CJ. Prospective randomized trial of
povidone-iodine, alcohol, and chlorhexidine for prevention of infec-
tion associated with central venous and arterial catheters. Lancet
1991; 338:339–43.

32. Sheehan G, Leicht K, O’Brien M, Taylor G, Rennie R. Chlorhexidine
versus povidone-iodine as cutaneous antisepsis for prevention of vas-
cular-catheter infection [abstract 1616]. In: Program and abstracts of
the 33rd Interscience Conference on Antimicrobial Agents and Che-
motherapy (New Orleans). Washington, DC: American Society for
Microbiology, 1993:414.

33. 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.

34. Humar A, Ostromecki A, Direnfeld J, et al. Prospective randomized
trial of 10% povidone-iodine versus 0.5% tincture of chlorhexidine

 at U
niversity of W

isconsin-M
adison L

ibraries on February 6, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


1240 • CID 2002:34 (1 May) • HEALTHCARE EPIDEMIOLOGY

as cutaneous antisepsis for prevention of central venous catheter in-
fection. Clin Infect Dis 2000; 31:1001–7.

35. Maki DG, Knasinski V, Narans LL, Gordon BJ. A randomized trial
of a novel 1% chlorhexidine-75% alcohol tincture versus 10% povi-
done-iodine for cutaneous disinfection with vascular catheters [ab-
stract 142]. In: Program and abstracts of the 31st Annual Society for
Hospital Epidemiology of America Meeting (Toronto). Thorofare, NJ:
Society for Hospital Epidemiology of America, 2001:70.

36. Garland JS, Buck RK, Maloney P, et al. Comparison of 10% povidone-
iodine and 0.5% chlorhexidine gluconate for the prevention of pe-
ripheral intravenous catheter colonization in neonates: a prospective
trial. Pediatr Infect Dis J 1995; 14:510–6.

37. Meffre C, Girard R, Hajjar J, Fabry J. Povidone-iodine versus alcoholic
chlorhexidine for disinfection of the insertion site of peripheral ve-
nous catheters: results of a multicenter randomized trial [abstract 64].
Infect Control Hosp Epidemiol 1996; 17(5 Suppl 2):26.

38. Cobbett S, LeBlanc A. IV site infection: a prospective, randomized
clinical trial comparing the efficacy of three methods of skin antisepsis
[abstract]. CINA: Official Journal of the Canadian Intravenous Nurses
Association 1999; 15:48–9.

39. Moran JM, Atwood RP, Rowe MI. A clinical bacteriologic study of
infections associated with venous cutdowns. N Engl J Med 1965; 272:
554–60.

40. Zinner SH, Denny-Brown BC, Braun P, Burke JP, Toala P, Kass EH.
Risk of infection with intravenous indwelling catheters: effect of ap-
plication of antibiotic ointment. J Infect Dis 1969; 120:616–9.

41. Norden CW. Application of antibiotic ointment to the site of venous
catheterization—a controlled trial. J Infect Dis 1969; 120:611–5.

42. Maki DG, Band JD. A comparative study of polyantibiotic and io-
dophor ointments in prevention of vascular catheter–related infection.
Am J Med 1981; 70:739–44.

43. Maki D, Will L. Study of polyantibiotic and povidone-iodine oint-
ments on central venous and arterial catheter sites dressed with gauze
or polyurethane dressing [abstract]. In: Program and abstracts of the
26th Interscience Conference on Antimicrobial Agents and Chemo-
therapy (New Orleans). Washington, DC: American Society for Mi-
crobiology, 1986.

44. Flowers RHD, Schwenzer KJ, Kopel RF, Fisch MJ, Tucker SI, Farr
BM. Efficacy of an attachable subcutaneous cuff for the prevention
of intravascular catheter–related infection: a randomized, controlled
trial. JAMA 1989; 261:878–83.

45. Levin A, Mason AJ, Jindal KK, Fong IW, Goldstein MB. Prevention
of hemodialysis subclavian vein catheter infections by topical povi-
done-iodine. Kidney Int 1991; 40:934–8.

46. Prager RL, Silva J. Colonization of central venous catheters. South
Med J 1984; 77:458–61.

47. Hill RL, Fisher AP, Ware RJ, Wilson S, Casewell MW. Mupirocin for
the reduction of colonization of internal jugular cannulae—a ran-
domized controlled trial. J Hosp Infect 1990; 15:311–21.

48. Sesso R, Barbosa D, Leme IL, et al. Staphylococcus aureus prophylaxis
in hemodialysis patients using central venous catheter: effect of mu-
pirocin ointment. J Am Soc Nephrol 1998; 9:1085–92.

49. Zakrzewska-Bode A, Muytjens HL, Liem KD, Hoogkamp-Korstanje
JA. Mupirocin resistance in coagulase-negative staphylococci, after
topical prophylaxis for the reduction of colonization of central venous
catheters. J Hosp Infect 1995; 31:189–93.

50. Miller MA, Dascal A, Portnoy J, Mendelson J. Development of mu-
pirocin resistance among methicillin-resistant Staphylococcus aureus
after widespread use of nasal mupirocin ointment. Infect Control
Hosp Epidemiol 1996; 17:811–3.

51. Kluytmans JA, Manders MJ, van Bommel E, Verbrugh H. Elimination
of nasal carriage of Staphylococcus aureus in hemodialysis patients.
Infect Control Hosp Epidemiol 1996; 17:793–7.

52. Andersen PT, Herlevsen P, Schaumburg H. A comparative study of
“Op-site” and “Nobecutan gauze” dressings for central venous line
care. J Hosp Infect 1986; 7:161–8.

53. Conly JM, Grieves K, Peters B. A prospective, randomized study com-

paring transparent and dry gauze dressings for central venous cath-
eters. J Infect Dis 1989; 159:310–9.

54. Maki D, Will L. Colonization and infection associated with trans-
parent dressings for central venous, arterial, and Hickman catheters:
a comparative trial [abstract 1241]. In: Program and abstracts of the
24th Interscience Conference on Antimicrobial Agents and Chemo-
therapy. Washington, DC: American Society for Microbiology, 1984:
991.

55. Maki DG, Stolz SS, Wheeler S, Mermel LA. A prospective, randomized
trial of gauze and two polyurethane dressings for site care of pul-
monary artery catheters: implications for catheter management. Crit
Care Med 1994; 22:1729–37.

56. Maki D, Mermel LA, Martin M, Knasinski V, Berry D. A highly
semipermeable polyurethane dressing does not increase the risk of
CVC-related BSI: a prospective, multicenter, investigator-blinded trial
[abstract J64]. In: Program and abstracts of the 36th Interscience
Conference on Antimicrobial Agents and Chemotherapy (New Or-
leans). Washington, DC: American Society for Microbiology, 1996:
230.

57. Powell CR, Traetow MJ, Fabri PJ, Kudsk KA, Ruberg RL. Op-site
dressing study: a prospective randomized study evaluating povidone
iodine ointment and extension set changes with 7-day op-site dress-
ings applied to total parenteral nutrition subclavian sites. JPEN J
Parenter Enteral Nutr 1985; 9:443–6.

58. Young GP, Alexeyeff M, Russell DM, Thomas RJS. Catheter sepsis
during parenteral nutrition: the safety of long-term Opsite dressings.
JPEN J Parenter Enteral Nutr 1988; 12:365–70.

59. Maki DG, Stolz SM, Wheeler SJ, Mermel LA. A prospective, ran-
domized, three-way clinical comparison of a novel highly permeable
polyurethane dressing with 442 Swan-Ganz catheters [abstract 825].
In: Program and abstracts of the 32nd Interscience Conference on
Antimicrobial Agents and Chemotherapy (Anaheim). Washington,
DC: American Society for Microbiology, 1992:248.

60. Wille JC, Blusse van Oud Albas A, Thewessen EA. A comparison of
two transparent film-type dressings in central venous therapy. J Hosp
Infect 1993; 23:113–21.

61. Haffejee AA, Moodley J, Pillay K, Singh B, Thomson S, Bhamjee A.
Evaluation of a new hydrocolloid occlusive dressing for central cath-
eters used in total parenteral nutrition. S Afr J Surg 1991; 29:142–6.

62. Nikoletti S, Leslie G, Gandossi S, Coombs G, Wilson R. A prospective,
randomized, controlled trial comparing transparent polyurethane and
hydrocolloid dressings for central venous catheters. Am J Infect Con-
trol 1999; 27:488–96.

63. Maki DG, Ringer M. Evaluation of dressing regimens for prevention
of infection with peripheral intravenous catheters: gauze, a transparent
polyurethane dressing, and an iodophor-transparent dressing. JAMA
1987; 258:2396–403.

64. Madeo M, Martin CR, Turner C, Kirkby V, Thompson DR. A ran-
domized trial comparing Arglaes (a transparent dressing containing
silver ions) to Tegaderm (a transparent polyurethane dressing) for
dressing peripheral arterial catheters and central vascular catheters.
Intensive Crit Care Nurs 1998; 14:187–91.

65. Hanazaki K, Shingu K, Adachi W, Miyazaki T, Amano J. Chlorhex-
idine dressing for reduction in microbial colonization of the skin with
central venous catheters: a prospective randomized controlled trial. J
Hosp Infect 1999; 42:165–8.

66. Garland JS, Harris MC, Alex CP, et al. A randomized trial comparing
povidone-iodine to chlorhexidine gluconate impregnated dressing for
prevention of central venous catheter infections in neonates. Pedi-
atrics 2001; 107:1431–7.

67. Maki DG, Mermel LA, Kluger DM, et al. The efficacy of a chlorhex-
idine-impregnated sponge (biopatch) for the prevention of intravas-
cular catheter–related infection—a prospective, randomized, con-
trolled, multicenter trial [abstract 1430]. In: Program and abstracts
of the 40th Interscience Conference on Antimicrobial Agents and
Chemotherapy (Toronto). Washington, DC: American Society for Mi-
crobiology, 2000:422.

 at U
niversity of W

isconsin-M
adison L

ibraries on February 6, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


HEALTHCARE EPIDEMIOLOGY • CID 2002:34 (1 May) • 1241

68. Maki DG, Cobb L, Garman JK, Shapiro JM, Ringer M, Helgerson
RB. An attachable silver-impregnated cuff for prevention of infection
with central venous catheters: a prospective randomized multicenter
trial. Am J Med 1988; 85:307–14.

69. Bonawitz SC, Hammell EJ, Kirkpatrick JR. Prevention of central ve-
nous catheter sepsis: a prospective randomized trial. Am Surg 1991;57:
618–23.

70. Babycos CR, Barrocas A, Webb WR. A prospective randomized trial
comparing the silver-impregnated collagen cuff with the bedside tun-
neled subclavian catheter. JPEN J Parenter Enteral Nutr 1993; 17:61–3.

71. Smith HO, DeVictoria CL, Garfinkel D, et al. A prospective random-
ized comparison of an attached silver-impregnated cuff to prevent
central venous catheter–associated infection. Gynecol Oncol 1995; 58:
92–100.

72. Hoar PF, Wilson RM, Mangano DT, Avery GJD, Szarnicki RJ, Hill
JD. Heparin bonding reduces thrombogenicity of pulmonary-artery
catheters. N Engl J Med 1981; 305:993–5.

73. Mermel LA, Stolz SM, Maki DG. Surface antimicrobial activity of
heparin-bonded and antiseptic-impregnated vascular catheters. J In-
fect Dis 1993; 167:920–4.

74. Moss HA, Tebbs SE, Faroqui MH, et al. A central venous catheter
coated with benzalkonium chloride for the prevention of catheter-
related microbial colonization. Eur J Anaesthesiol 2000; 17:680–7.

75. Jaeger K, Osthaus A, Heine J, et al. Efficacy of a benzalkonium chlo-
ride–impregnated central venous catheter to prevent catheter-asso-
ciated infection in cancer patients. Chemotherapy 2001; 47:50–5.

76. Ramsay J, Nolte F, Schwarzmann S. Incidence of catheter colonization
and catheter-related infection with an antiseptic impregnated triple
lumen catheter [abstract]. Crit Care Med 1994; 22:A115.

77. 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 [abstract]. Crit Care Med
1995; 23:A152.

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

79. Ciresi DL, Albrecht RM, Volkers PA, Scholten DJ. Failure of antiseptic
bonding to prevent central venous catheter–related infection and sep-
sis. Am Surg 1996; 62:641–6.

80. 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 [abstract]. Clin Intensive Care 1996; 7:56.

81. Pemberton LB, Ross V, Cuddy P, Kremer H, Fessler T, McGurk E.
No difference in catheter sepsis between standard and antiseptic cen-
tral venous catheters: a prospective randomized trial. Arch Surg
1996; 131:986–9.

82. 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; 127:257–66.

83. 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.

84. 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.

85. 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.

86. Heard SO, Wagle M, Vijayakumar E, et al. Influence of triple-lumen
central venous catheters coated with chlorhexidine and silver sulfa-

diazine on the incidence of catheter-related bacteremia. Arch Intern
Med 1998; 158:81–7.

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

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

89. 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.

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

91. Veenstra DL, Saint S, Saha S, Lumley T, Sullivan SD. Efficacy of
antiseptic-impregnated central venous catheters in preventing cath-
eter-related bloodstream infection: a meta-analysis. JAMA 1999; 281:
261–7.

92. Veenstra DL, Saint S, Sullivan SD. Cost-effectiveness of antiseptic-
impregnated central venous catheters for the prevention of catheter-
related bloodstream infection. JAMA 1999; 282:554–60.

93. Saint S, Veenstra DL, Lipsky BA. The clinical and economic conse-
quences of nosocomial central venous catheter–related infection: are
antimicrobial catheters useful? Infect Control Hosp Epidemiol
2000; 21:375–80.

94. 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.

95. US Food and Drug Administration, Centers for Devices and Radi-
ological Health. Potential hypersensitivity reactions to chlorhexidine-
impregnated medical devices: FDA public health notice. Washington,
DC, US Food and Drug Administration. Available at: http://www
.fda.gov/cdrh/chlorhex.html; accessed 15 October 2001.

96. Oda T, Hamasaki J, Kanda N, Mikami K. Anaphylactic shock induced
by an antiseptic-coated central venous catheter. Anesthesiology
1997; 87:1242–4.

97. Kamal GD, Pfaller MA, Rempe LE, Jebson PJ. Reduced intravascular
catheter infection by antibiotic bonding: a prospective, randomized,
controlled trial. JAMA 1991; 265:2364–8.

98. Kamal GD, Divishek D, Kumar GC, Porter BR, Tatman DJ, Adams
JR. Reduced intravascular catheter–related infection by routine use
of antibiotic-bonded catheters in a surgical intensive care unit. Diagn
Microbiol Infect Dis 1998; 30:145–52.

99. Raad I, Darouiche R, Hachem R, Sacilowski M, Bodey GP. Antibiotics
and prevention of microbial colonization of catheters. Antimicrob
Agents Chemother 1995; 39:2397–400.

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

101. 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. The Texas Medical Center Catheter Study Group. Ann Intern
Med 1997; 127:267–74.

102. Darouiche RO, Raad, II, Heard SO, et al. A comparison of two an-
timicrobial-impregnated central venous catheters. Catheter Study
Group. N Engl J Med 1999; 340:1–8.

103. Maki DG, Halvorson KT. Prospective study of the surface antimicro-
bial activity of commercially available medicated central venous cath-
eters (CVCs) [abstract k-8]. In: Program and abstracts of the 38th
Interscience Conference on Antimicrobial Agents and Chemotherapy
(San Diego). Washington, DC: American Society for Microbiology,
1998:501.

104. Raad, II, Darouiche RO, Hachem R, et al. Antimicrobial durability
and rare ultrastructural colonization of indwelling central catheters

 at U
niversity of W

isconsin-M
adison L

ibraries on February 6, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


1242 • CID 2002:34 (1 May) • HEALTHCARE EPIDEMIOLOGY

coated with minocycline and rifampin. Crit Care Med 1998; 26:
219–24.

105. Warren JW, Platt R, Thomas RJ, Rosner B, Kass EH. Antibiotic ir-
rigation and catheter-associated urinary-tract infections. N Engl J Med
1978; 299:570–3.

106. Ramsey BW, Pepe MS, Quan JM, et al. Intermittent administration
of inhaled tobramycin in patients with cystic fibrosis. Cystic Fibrosis
Inhaled Tobramycin Study Group. N Engl J Med 1999; 340:23–30.

107. Martinez E, Collazos J, Mayo J. Hypersensitivity reactions to rifampin:
pathogenetic mechanisms, clinical manifestations, management strat-
egies, and review of the anaphylactic-like reactions. Medicine (Bal-
timore) 1999; 78:361–9.

108. 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.

109. Sampath L, Tambe S, Modak S. Comparison of the efficacy of anti-
septic and antibiotic catheters impregnated on both their luminal and
outer surfaces [abstract 1917]. In: Program and abstracts of the 39th
Interscience Conference on Antimicrobial Agents and Chemotherapy
(San Francisco). Washington, DC: American Society for Microbiology,
1999:648.

110. Goldschmidt H, Hahn U, Salwender HJ, et al. Prevention of catheter-
related infections by silver coated central venous catheters in onco-
logical patients. Zentralbl Bakteriol 1995; 283:215–23.

111. Bong JJ, Kite P, Wilcox MH, et al. Reduction of the incidence of
catheter-related sepsis (CRS) in high-risk patients by silver ionto-
phoretic central venous catheters (CVCs) [abstract 1918]. In: 39th
Interscience Conference on Antimicrobial Agents and Chemotherapy.
San Diego, CA: American Society for Microbiology, 1999:649.

112. Bach A, Eberhardt H, Frick A, Schmidt H, Bottiger BW, Martin E.
Efficacy of silver-coating central venous catheters in reducing bacterial
colonization. Crit Care Med 1999; 27:515–21.

113. Boswald M, Lugauer S, Regenfus A, et al. Reduced rates of catheter-
associated infection by use of a new silver-impregnated central venous
catheter. Infection 1999; 27(Suppl 1):S56–60.

114. Carbon RT, Lugauer S, Geitner U, et al. Reducing catheter-associated
infections with silver-impregnated catheters in long-term therapy of
children. Infection 1999; 27(Suppl 1):S69–73.

115. Parkhouse DAFH, Hocking GR, Shaikh LS. Advanced catheter related
infection and line sepsis following the use of Ventex central venous
catheters in the critically ill [abstract 54]. Crit Care Med 2000; 28(12
Suppl):A48.

116. Schierholz JM, Lucas LJ, Rump A, Pulverer G. Efficacy of silver-coated
medical devices. J Hosp Infect 1998; 40:257–62.

117. Bong JJ, Kite P, Wilcox MH, McMahon MJ. Efficacy of silver ion-

tophoretic central venous catheters in preventing catheter-related
bloodstream infection amongst high-risk patients: a randomized con-
trolled trial [abstract K-1425]. In: Program and abstracts of the 41st
Interscience Conference on Antimicrobial Agents and Chemotherapy
(Chicago). Washington, DC: American Society for Microbiology,
2001:426.

118. Ibanez-Nolla JJ, Corral ML, Nolla M, et al. A randomized study using
Oligon Vantex central venous catheters (CVC) to reduce bacterial
colonization [abstract K-1428]. In: Program and abstracts of the 41st
Interscience Conference on Antimicrobial Agents and Chemotherapy
(Chicago). Washington, DC: American Society for Microbiology,
2001:426.

119. Liu WK, Tebbs SE, Byrne PO, Elliott TS. The effects of electric current
on bacteria colonizing intravenous catheters. J Infect 1993; 27:261–9.

120. Raad I, Hachem R, Zermeno A, Dumo M, Bodey GP. In vitro anti-
microbial efficacy of silver iontophoretic catheter. Biomaterials
1996; 17:1055–9.

121. Segura M, Alvarez-Lerma F, Tellado JM, et al. A clinical trial on the
prevention of catheter-related sepsis using a new hub model. Ann
Surg 1996; 223:363–9.

122. Luna J, Masdeu G, Perez M, et al. Clinical trial evaluating a new hub
device designed to prevent catheter-related sepsis. Eur J Clin Microbiol
Infect Dis 2000; 19:655–62.

123. Halpin DP, O’Byrne P, McEntee G, Hennessy TP, Stephens RB. Effect
of a Betadine connection shield on central venous catheter sepsis.
Nutrition 1991; 7:33–4.

124. Mendelson MH, Short LJ, Schechter CB, et al. Study of a needleless
intermittent intravenous-access system for peripheral infusions: analy-
sis of staff, patient, and institutional outcomes. Infect Control Hosp
Epidemiol 1998; 19:401–6.

125. Danzig LE, Short LJ, Collins K, et al. Bloodstream infections associated
with a needleless intravenous infusion system in patients receiving
home infusion therapy. JAMA 1995; 273:1862–4.

126. Do AN, Ray BJ, Banerjee SN, et al. Bloodstream infection associated
with needleless device use and the importance of infection-control
practices in the home health care setting. J Infect Dis 1999; 179:442–8.

127. Inoue Y, Nezu R, Matsuda H, et al. Prevention of catheter-related
sepsis during parenteral nutrition: effect of a new connection device.
JPEN J Parenter Enteral Nutr 1992; 16:581–5.

128. Yebenes JC, Vidaur L, Martinez R, et al. In vitro and in vivo evaluation
of catheter infection (CI) risk using an uncovered disinfectable needle-
less valve connector for intravascular manipulation [abstract]. In: Pro-
gram and abstracts of the 41st Interscience Conference on Antimi-
crobial Agents and Chemotherapy (Chicago). Washington, DC:
American Society for Microbiology, 2001.

 at U
niversity of W

isconsin-M
adison L

ibraries on February 6, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/

