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Intravascular devices (IVDs) are widely used for vascular access but are associated with a substantial risk of IVD-related

bloodstream infection (BSI). The development of novel technologies based on our understanding of pathogenesis promises

a quantum reduction in IVD-related infections in an era of growing nursing shortage. Infections of long-term IVDs (most

are in place for �10 days), including cuffed and tunneled central venous catheters (CVCs), implanted subcutaneous central

venous ports, and peripherally inserted central catheters (PICCs), are primarily due to microorganisms that gain access to

the catheter hub and lumen. Novel securement devices and antibiotic lock solutions have 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 more-widely adapt those technologies that have already been shown to be efficacious and cost effective.

Long-term intravascular devices (IVDs), such as cuffed Hick-

man- and Broviac-type catheters, cuffed hemodialysis central

venous catheters (CVCs), subcutaneous central venous ports,

and peripherally inserted central catheters (PICCs), are indis-

pensable for the care of patients who require prolonged par-

enteral nutrition or frequent transfusion of blood products or

intravenous medications. Historically, the risk of infection as-

sociated with the use of these devices has been expressed as

the number of BSIs per 100 devices used. However, the Centers

for Disease Control and Prevention (CDC) now recommends

that rates of IVD-related (IVDR) bloodstream infection (BSI)

be expressed per 1000 IVD-days. This recommendation is log-

ical, because it takes into account widely varying risks of IVDR

BSI over time for different types of IVDs—for example, in
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general, although the rates of IVDR BSI per 100 IVDs used are

usually higher for long-term devices, the risk per 1000 IVD-

days is usually considerably lower than that for short-term

IVDs, such as noncuffed, nontunneled CVCs (table 1) [1, 2].

The risk of IVDR infection, its pathogenesis, general strat-

egies for prevention, and the promise of novel technology en-

gineered to reduce the risk of IVDR BSIs associated with short-

term IVDs were reviewed in the first part of this 2-part series

[3]. The present article complements and completes our review

by examining novel technology for the prevention of IVDR

BSIs associated with long-term devices.

PATHOGENESIS

As described in the first part of our review [3], microorganisms

usually must first adhere to the intraluminal or extraluminal

surface of the IVD before infection of the bloodstream can

occur. In contrast to the situation for short-term IVDs, con-

tamination of the catheter hub and lumen appears to be the

predominant mode of BSI associated with long-term, perma-

nent IVDs (most of which have been in place for �10 days)

[4–8]. In general, basic infection-control practices that have

been shown to be effective for the prevention of IVDR BSIs
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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 5 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 [2], based on 206 published prospective studies where every device
was evaluated for infection. CVC, central venous catheter.

associated with short-term IVDs (most of which have been in

place for !10 days) [3, 9] are also likely to be effective for long-

term devices—for example, the use of maximal sterile barrier

precautions at IVD insertion [10] and use of more-effective

cutaneous antisepsis [11–14]. However, technology that reduces

intraluminal colonization in addition to extraluminal invasion

of the insertion tract should provide additional protection

against IVDR BSIs associated with long-term IVDs.

STRATEGIES FOR PREVENTION OF IVDR BSIS
ASSOCIATED WITH LONG-TERM IVDS

Innovative IVD Design

Subcutaneous cuffs for long-term CVCs. Surgically implanted

Hickman and Broviac catheters incorporate a subcutaneous dac-

ron cuff, which becomes ingrown by host tissue, creating a me-

chanical barrier against invasion of the tract by skin organisms.

Rates of BSIs per 1000 IVD-days for these catheters are far lower

than those for short-term, percutaneously-inserted, noncuffed

CVCs inserted in the intensive care unit (table 1) [1, 2], and

cuffed, tunneled CVCs can be considered a quantum advance

in the safety of long-term vascular access. The use of dacron

cuffs on large, dual-lumen hemodialysis catheters has substan-

tially reduced the risk of IVDR BSI in patients who require long-

term central access for dialysis [15, 16].

Subcutaneous central venous ports. Surgically implanted

subcutaneous central venous ports, which can be accessed in-

termittently with a steel needle, have been associated with the

lowest rates of IVDR BSI (table 1). A prospective observational

study of Hickman catheters and central ports involving patients

in an oncology ward showed that, for patients who require

intermittent central access, subcutaneous central venous ports

appear to be considerably safer with regard to the risk of IVDR

BSI [17].

Subcutaneous central venous ports are ideal and preferred

when central venous access is intermittently required for short

periods (e.g., for periodic chemotherapy). For patients who

require prolonged central access (e.g., for parenteral nutrition),

a port generally should not be used; for these patients, a cuffed,

tunneled catheter or a PICC is preferred [9].

Attachable silver-impregnated cuffs. Studies involving the

use of short-term devices have shown some benefit with use

of an attachable silver cuff, primarily by preventing deep in-

vasion of cutaneous microorganisms into the insertion tract.

Because the cuff cannot prevent luminal colonization, attach-

able cuffs would not be expected to significantly impact the

rates of IVDR BSI associated with long-term dacron-cuffed

catheters, and subsequent studies have confirmed this postulate

(table 2) [18–20].

PICCs. Studies suggest that PICCs are associated with a

substantially lower risk of IVDR BSI than standard, nontun-

neled, noncuffed CVCs (table 1) [2, 21, 22], perhaps because

the bacterial colonization on the arm is less dense than that

on the sites used for conventional CVCs (i.e., the neck, the

upper chest, and the groin) [23]. However, nearly all of the

published data on PICC-related infection are from studies in

the outpatient setting, and the prospective studies in which

PICCs were used exclusively in hospitalized patients suggest

that the risk of IVDR BSI is similar to that seen with cuffed

and tunneled CVCs [24, 25].
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Table 2. Meta-analyses of prospective, randomized clinical trials of novel technologies
for prevention of intravenous device (IVD)–related (IVDR) bloodstream infections (BSIs)
involving long-term IVDs.

Technology
No. of
trials

No. of IVDR BSIs/
no. of IVDs studied

RR (95% CI) P
Study

technology
Control
device

Silver-impregnated cuff 3 40/181 43/205 1.05 (0.66–1.71) .80

Securement device 2 1/144 13/135 0.07 (0.00–0.78) !.01

Chlorhexidine sponge dressing 1 12/314 11/341 1.18 (0.39–4.06) .83

Silver-impregnated CVC 1 4/47 6/44 0.62 (0.05–4.12) .51

Antibiotic lock 6 13/257 40/267 0.34 (0.18–0.62) !.01

Prophylactic thrombolysis 2 75/396 97/393 0.77 (0.59–1.00) .06

NOTE. Data are only from prospective, randomized trials that involved long-term, centrally placed IVDs
(i.e., cuffed and tunneled central venous catheters [CVCs], peripherally inserted central catheters, and
subcutaneous central venous ports) and that reported IVDR BSI as an outcome.

Novel Securement Devices

Recently, a novel sutureless device for securing noncuffed vas-

cular catheters became available (StatLock; Venetec Interna-

tional). In a randomized trial of the device, premature loss of

pediatric and adult PICCs due to accidental extrusion and

PICC-associated thrombosis were significantly reduced [26,

27]. Furthermore, in an adult PICC study population, the in-

cidence of catheter-related BSI was significantly reduced with

the use of the novel securement device (table 2) [26]. The

potential for this device to reduce infection may derive from

the elimination of festering skin suture wounds that are con-

tiguous to the newly inserted catheter and from minimization

of the to-and-fro pistoning of the catheter, which may promote

invasion of the tract by cutaneous microorganisms through

capillary action [28].

Novel Dressings

Garland et al. [29] examined the utility of the chlorhexidine

sponge dressing in a multicenter trial that involved 6 neonatal

intensive care units; 75% of the catheters studied were PICCs.

The study showed that the novel dressing, replaced weekly,

yielded results similar to those of gauze and tape combined

with periodic cutaneous disinfection with 10% povidone-io-

dine, with regard to the prevention of cutaneous colonization

and catheter-related BSI (table 2). Although they were well

tolerated by full-term infants, use of the chlorhexidine dressing

in low-birth-weight (i.e., !1000 g) neonates was associated with

a 15% incidence of dermatotoxicity. Additional studies are re-

quired before the chlorhexidine sponge dressing can be rec-

ommended for routine use with long-term IVDs.

Silver-Coated Catheters

In contrast to the extensive research that has gone into the

study of novel surfaces for short-term devices, very little data

have been published on novel surfaces for long-term devices.

In a single study of long-term, tunneled hemodialysis catheters,

Trerotola et al. [30] found no difference between silver-

coated catheters and control catheters with regard to the rates

of BSI (table 2).

Antibiotic Lock Solutions

The prophylactic use of systemic antibiotics at the time of IVD

insertion or implantation has not proven to be effective in

reducing the incidence of IVDR BSI [31–33] and is strongly

discouraged in the new Hospital Infection Control Practices

Advisory Committee (HICPAC) draft guideline [9]. However,

studies of continuous infusion of vancomycin incorporated into

total parenteral nutrition admixtures have shown reduced rates

of coagulase-negative staphylococcal BSI in low-birth-weight

infants [34, 35]. Unfortunately, this form of prophylaxis results

in prolonged low levels of vancomycin in blood and tissue, a

milieu conducive to promoting vancomycin resistance.

The antibiotic lock is a novel form of local antibiotic pro-

phylaxis in which an antibiotic solution is instilled into the

catheter lumen and allowed to dwell for a defined period of

time (usually 6–12 h), after which it is removed. Messing et

al. [36] first examined the utility of antibiotic lock solutions

for the treatment of device-related BSIs associated with long-

term IVDs. Subsequent small, uncontrolled studies involving

long-term CVCs that were infected with gram-positive cocci

(other than Staphylococcus aureus) or gram-negative bacilli have

also shown benefit [36–41]. The success of continuous van-

comycin infusions in the prevention of IVDR BSIs, as well as

uncontrolled studies that have demonstrated that antibiotic

lock solutions have a beneficial therapeutic effect on established

IVD BSIs, suggests that antibiotic lock solutions may be effec-

tive for the prevention of IVDR BSIs associated with long-term

devices.
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There have been 6 prospective, randomized trials of the use

of antibiotic lock solutions for the prevention of BSIs associated

with long-term IVDs (table 2) [42–47]. Two of these studies

lacked statistical power to detect a significant difference in BSI

[43, 44], and the 4 remaining studies found a statistically sig-

nificant benefit [42, 45–47]. The largest trial, by Henrickson et

al. [46], randomized 126 pediatric oncology patients (36,944

IVD-days) who had recently had a tunneled CVC placed to 3

prophylactic lock regimens: heparin (10 U/mL; control), hep-

arin and vancomycin (25 mg/mL), and heparin, vancomycin,

and ciprofloxacin (2 mg/mL). Prophylactic use of the vanco-

mycin-ciprofloxacin lock solution was associated with a mark-

edly reduced rate of IVDR infection, compared with heparin

alone (0.55 versus 1.72 cases per 1000 IVD-days; ).P p .005

Similarly, the rate of infection for the vancomycin lock solution

was significantly reduced (0.37 cases per 1000 IVD-days;

).P p .004

The 2 lock solutions (heparin-vancomycin and heparin-

vancomycin-ciprofloxacin) studied by Henrickson et al. [46]

showed comparable protection against gram-positive and

gram-negative IVDR infections. Unfortunately, the investiga-

tors failed to distinguish local infections from true IVDR BSIs

in the final data, which limits one’s ability to fully analyze the

results of this study. Furthermore, although the rates of no-

socomial colonization or infection with vancomycin-resistant

enterococci (as detected by clinical cultures ordered by patient’s

physicians) were similar in the 3 groups, no effort was made

to proactively assess the impact of an antibiotic lock solution

on nosocomial colonization with vancomycin-resistant enter-

ococci, methicillin-resistant S. aureus, and fluoroquinolone-

resistant gram-negative bacilli in the study population.

A subsequent randomized trial involving a neonatal popu-

lation showed an 80% reduction in PICC-related BSIs (RR,

0.20; ) [47]. This study used a vancomycin lock solutionP p .03

for 20 or 60 min twice per day and prospectively screened for

colonization and infection with vancomycin-resistant organ-

isms in exposed infants; no such colonization or infection was

found.

The effectiveness of a vancomycin lock solution for the pre-

vention of BSIs involving subcutaneous central ports has also

been reported in a historical-control study [48]. In that study,

the rates of Staphylococcus epidermidis bacteremia decreased

from 0.80 cases per 1000 IVD-days before the vancomycin lock

solution was used routinely to 0.17 cases per 1000 IVD-days

during the 3 years that the vancomycin lock solution was used

routinely ( ).P ! .0001

A novel lock solution containing minocycline and ethyl-

enediaminetetraacetate (M-EDTA) was recently reported to

have prevented recurrent BSIs in 3 patients with long-term

IVDs in place who had experienced numerous IVDR BSIs be-

fore use of the anti-infective lock solution [49]. In a randomized

trial involving patients with long-term hemodialysis CVCs, use

of an M-EDTA flush solution resulted in significantly reduced

rates of explanted catheter colonization (8% versus 69% of

catheters; ); however, the rates of IVDR BSI were notP p .005

reported [50].

Taurolidine, a derivative of the aminosulfonic acid taurine,

is a biologically well-tolerated antiseptic with broad-spectrum

antimicrobial activity [51]. In uncontrolled trials, the use of a

taurolidine lock solution appeared to substantially reduce the

rate of catheter-related BSI associated with hemodialysis cath-

eters [52] and other long-term IVDs [53].

Many of the aforementioned studies used a lock solution

that contained vancomycin. It seems unlikely that micro-

organisms in the exposed patient’s flora could develop resis-

tance to vancomycin from the minute quantities of drug in a

catheter lumen (!15 mg), yet there is justified concern about

the possible effect of wide prophylactic use of antibiotic lock

solutions. Much more data are needed—specifically, data from

randomized studies that prospectively assess the impact on no-

socomial colonization by vancomycin-resistant enterococci,

methicillin-resistant S. aureus, and other antibiotic-resistant

microorganisms—before their routine use can be recom-

mended. However, because antibiotic lock solutions clearly re-

duce the risk of IVDR BSI associated with long-term IVDs, the

new HICPAC draft guideline [9] considers their use acceptable

in individual cases in which a patient who requires indefinite

vascular access (e.g., a patient with short-bowel syndrome or

who is undergoing hemodialysis) continues to experience

IVDR BSIs despite stringent compliance with infection-control

guidelines.

Prophylactic Thrombolysis

Prophylactic use of anticoagulation agents, including mini-dose

heparin [54] and warfarin [55, 56], has been shown to reduce

catheter thrombosis associated with CVCs in randomized trials,

but the effect on IVDR infection has not been reported. Three

recent randomized trials of prophylactic installation of uroki-

nase (5000 IU/mL every 1–2 or 3–4 weeks) into long-term IVDs

have shown a reduced incidence of thrombosis and premature

IVD loss [57–59]. Of more importance, 2 of these trials also

showed a reduction in IVDR BSIs (table 2) [57, 58]. Prophy-

lactic thrombolysis appears to be well tolerated, but a cost-

benefit analysis of this novel but expensive practice needs to

be performed.

THE FUTURE OF PREVENTION
WITH ALL TYPES OF IVDS

The new HICPAC draft guideline [9] now recommends the use

of chlorhexidine for cutaneous antisepsis with all forms of vas-

cular access. Anti-infective–impregnated CVCs are recom-
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mended if institutional rates of infection are 13.3 BSIs per 1000

IVD-days despite full adherence to maximal barrier precau-

tions, especially for patients at high risk for IVDR BSI (e.g.,

patients receiving total parenteral nutrition, those who are neu-

tropenic, or those who have a CVC that is likely to remain in

place for 14 days). Moreover, the Agency for Healthcare Re-

search and Quality has also recently recommended wide-scale

use of chlorhexidine–silver-sulfadiazine–impregnated CVCs

and minocycline-rifampin–coated CVCs to prevent catheter-

related BSIs [60].

Unfortunately, based on informal surveys of infection-con-

trol practitioners (D.G.M., unpublished data), it appears that

adoption of novel technologies for the prevention of IVDR

infection by health care institutions has been disappointingly

slow, primarily because administrators and purchasing agents

see only a premium acquisition cost and are oblivious to the

benefit gained in the reduction of morbidity rates, mortality

rates, and length of stay in the hospital. The published trials

involving new technologies show that many of these items are

not only effective, but they are also cost effective [61–66] and

warrant adoption by hospitals and other health care groups.

Future research must strive to improve our understanding

of the biological forces governing cutaneous colonization in

order to develop more-effective strategies to suppress it, to find

new antiseptics that exhibit greater and more-prolonged levels

of surface activity, to better delineate the molecular mechanisms

of microbial adherence to prosthetic surfaces in order to de-

velop new materials intrinsically resistant to colonization, and

to design IVDs that more-effectively deny microbial access.

It is essential that future trials have adequate power to con-

clusively determine the efficacy or lack of efficacy of novel

technologies for the prevention of IVDR BSIs and utilize mo-

lecular subtyping techniques [14, 62–64, 67, 68] to identify the

source of every IVDR BSI. Moreover, if novel technologies use

anti-infective materials, trials evaluating their effectiveness must

seek to assure clinicians that the technology does not promote

resistance to the anti-infective agent. Finally, it is essential to

ensure that the innovation does not result in a paradoxically

increased risk of other, unexpected complications in exposed

patients [69, 70] or health care providers.
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