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Prevention of' Intravascular Catheter—Related Infections

Leonard A. Mcrmel, DO, SeM, AM(Hon)

Purpose: To review the literature on prevention of intra-
vascutar catheter—related infections.

Data Sources: The MEDLINE database, conference pro-
ceedings, and bibliographies of review articles and book
chapters were searched for relevant artcles. Primary
authors were contacted directly 1f data were incomplete.

Study Selection: Studies met the following criteria un-
less otherwise stated: Trials were prospective and random-
1zed; catheters were inserted into new sites, not into old
sites over guidewires; catheter cuitures were done by using
semisquartitative or gquantitative methods; and, for pro-
spective studies, catheter-related bloodstream intection
was confirmed by microbial growth from percutaneously
drawn blood cultures that matched catheter cultures,

Data Extraction: Data on population. methods, preventive
strategy, and outcome (measured as catheter-related
bioodstream infections) were gathered. The quaiity of the
data was graded by using preestablished criteria

Data Synthesis: The recommended preventive strate-
aies with the strongest supportive evidence are full barrier
precautions during central venous catheter insertion, sub-
cutaneous tunneling short-term catheters inserted n the
internal jugular or femoral veins when catheters are not
used for drawing blood; contamination shields for puimo-
nary artery catheters; povidone-iadine ointment applied
to insertion sites of hemodialysis catheters; specialized
nursing tesrms caring for patients with short-term periph-
eral venous catheters, especially at instrtutions with a high
incidence of catheter-related infection; no routine repiace-
ment of central venous catheters; antiseptic chamber-
filled hub or hub-protective anuseptic sponge for central
venous catheters, and use of chiorhexidine-siiver sulfadia-
zine-impregnated or minocycline-rifampin-impregnated
short-term central venous catheters if the rate of infection
is high despite adherence to other strataegies that do not
ncorporate antimicrobial agents (for example, maximal
barrier precautions).

Conclusions: Simple nterventions can reduce the risk for
serious catheter-related infection. Adequately powered
randomized trials are needed.

Ann Ingern Med. 2000.132.391-402.
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chcral million intravascular catheters are pur-
chased each year by U.S. hospitals and clinics.
Use ot these devices place large numbers of patients
at nsk for catheter-related bloodstream infection.
Most serious infections are associated with central
venous catheters rather than small peripherai cath-
eters (1); this as particularly evident in intenwive care
unuts (ICUs). According 10 a computer model of
utilization of ICU beds based on American Hospital
Association data (Halpern N. Personal communica-
tion), therc were spproximately 31 million patient-
days annually in ICUs in the United States over the
past 6 years. On the basis of data from the Centers
for Disease Control and Prevenuon (2), the risk for
exposure to these dewvices per ICU day was 48%,
leading to approximately 15 million central line-
days per year in ICUs. With an average of 5.3
ccntral bine-associated bloodstream infections per
1000 catheter-days in ICUs (2). approximately
16 000 central linc-associated bloodstream infec-
tions occurred in ICUs in the United States each
vear. The atiributable moriality has ranged from
12% 10 25% in prospective studies (1, 3) but was an
average of 3% in a meta-analysis (4). The attrbut-
able cost per infection is $3700 to $29 000 (3, 5).
Therefore. in U.S. ICUs, approximately 500 to 4000
pauents die annually of central venous catheter—
related bloodsiream infections. The annual cost of
caning for patients with central line-associated blood-
stream nfectiony s illiop to $460 million. A
significant proportion of 'non-ICU paticnts have
central venous catheters (for cxample, patients on
hematology-oncology wards), and many patients ars
discharged with central venous catbeters in place,
These patents are also at risk for senous catheter-
related nfections.

The microbes that colonize catheter bubs and the
skin surrounding the insertion Site are the soutce of R
most_catheter-related bloodstream jptactions (6-8).
Therefore, successful preventive strategres must re-
duce colonization of the insertion site und hubs or
punimize microbial sprcad extralummally from the
skin or intraluminally from the hubs toward the
catheter tip lying in the bloodstream (Figure). In-
hibiting the adherence and growth of pathogens that -
reach the intravascular segment of the catheter
would also be ideal,

Artention to simple and practical interventions
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reduces the nsk for intravascular catheter-related
bloodstream infecuons (9-11). This review updates
the expanding body of literature on the prevcntion
of these infecuons.

Methods

Chnical studies of ntravascular catheiers werc
identified by searching the MEDLINE database tor
arucles published from January 1966 te February
1999. Thc proceedings of the Infectious Diseases
Society of Amenca from 1994 through 1999, the
Interscience Conference op Antimicrobial Agents
and Chemotherapy from 1984 through 1999, and
the proceedings of the Society for Healthcare Epi-
demiology of Amecrica Annual Meeungs {from 1989
through 1998 were rcviewed, as were bibliographies
of review articles und book chapters. Unless other-
wise stated, the randomized studies included in this
article mecer the following critena: Catheters were
wnserted into new sites, not old sites over a guide-
wire; catheter cultures were done by usng semi-
quantitative or gquantitative methods; and catherter-
related bloodstream infections were confirmed by
microbial growth from percutaneously drawn blood

6193423462

Focus of preventive

strategies

\
c

atheter insertion

Apr.

culores that matched microbial growth from the
involved cutheter. Authors were contacted directly if
these critena were not stated in published studies.
Randomized studies that met these criteria but in-
volved catheter cxchange over guidewires into oid
insertion sitcs were mcluded oply if overwhelming
evidence refuted the findings of a single randomized
trial involving catheter mnsertion into new sites only.
Any refcrence to these studies is specifically noted
as such in thys review. Case-control and cohort
studies were ncluded if they investigated issues not
addressed in randomized trals regardless of
whether they disclosed the site from which blood
was drawn for culture or whether catheters were
mserted into old sites over guidewires. Case-control
or cohort studies are specifically noted as such n
this review.

The sygnificance of differences in prevennion
strategies was determined by using the Mantel-
Haenszel test or the Fisher cxact test if the value of
a rest vanable was less than 5. Relative risks, odds
ratios, and 95% Cls were calculated by using Epi-
Info, version 6 {Centers for Disease Control and
Prevenuon, Atlanta, Georgia). Recommendations
for prevenuve strategies are modified trom previ-
ously published cnteria (12), and the strength of the

and deveiod manse
Microbes mey orofim
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Figure. Source of intravascular catheter—elsted infections.
392 7 March 2000 - Annaly of Intermal Medicine - Volume 132 - Number 5

24 20822 B7:32AM P3




PHONE NO. @ 6199

FROM : DOWLING & DENNIS

evidence is graded as follows: 1. evidence trom a
well-designed meta-analysis of randomuzed, con-
trofled trials; 11a, evidence from at least onec ran-
domized, controlled trial mecting the preceding ¢ri-
teria; 1Ib, evidence from at lcast one randomized,
controlled trial that allowed catheter exchange over
guidewires into old sues; I, evidence from at least
one wcll-designed chnical trial without randomiza-
tion; and IV, evidence from opmions of authorives
in the field based on climcal expenience, descriptive
studies, or expert cornmirtee reports. If more than
one rype of evidence was available to support &
specific recommendation (such as a meta-analysis [If
and ap expert committee report {IV]), only the
highest applicable ewdence for the recumamendation
15 listed. Recommendatons for which results are
conflicting reflect the prevailing view, and the high-
est rated trial based on the preceding critcria is
cited

Preveative strategics are reviewed n the order in
which one would approach a patient undcrgomg
intravascular catheterization. Prophylaxis is dis-
cussed, followed by procedures surrounding catheter
insertion, such as the site of insertion, waneling of
catheters. and antisepsis. Recommeundations for
mamtenance of cathetcrs follows, such as nursing
care of catheters and types of available catheter
hubs. Antimicrobial-coated or antimicrobial-impreg-
nated catheters are then reviewed.

Preventive Strategies

Intravenous Antimicrobial Prophylaxis

Prophylaxis with vancomycin or teicoplanin dur-
ing ceatral venous catheter inscrtion has not been
demonstrated to reduce the incidence of catheter-
related bloodsiream infecuon (13-15 [Table 1]).
Two studies (13, 14) failed to show a difference in
early cathercr-related bloodstream nfection in the
antibioric prophylaxis groups, and in another study
(15), the incidence of bivodsiream nfection was
higher in the prophylaxis group (Tsble 1). Because
these studies had small samples, they cannot rule
out the possibility of a beneficial effect. Prophylaxiy
with vancomycin or tcicoplanin at insertion of a
central venous catheter 1s not recommended on the
basis of the available data {IIa).

Addition of vancomycin to flush solutions or total
parenteral nutrition sojutions reduced the risk for
catheter-related bloodstream infection wath coagu-
lase-negative staphylococct in one study of neonates
(odds ravio, 0 {95% CI, 0.0 to 0.7]) (16). However,
Centers for Disease Control and Prevention guide-
lines recommend against prophylactic use of vanco-
mycin because 1 is an independent risk factor for
acqussition of vancomycin-resistant enterococec (17).
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Prolonged admimstranon of vancomycn-containming
dialysale through pentoneal dialysis catheters is
associated with peritonitis due to Staphviococcus
epuderrmis, with matkedly reduced susceptibibity o
vancumycin and exit-site colonization with vancomy-
cn-resistant enterococei (18). Prolonged use of sys-
1emic vancomycin tu treat S. qureus infecuon is
associated with development of intermediate resis-
tance to vancomyan (19-22) and subpopulations of
S aurews with reduced vancomycin susceptibility
(22, 23). Therefore, precvenuon of imtravascular
catheter-related infections should not involve van-
comycin or other therapeutic agents [IV]. Efforts
should be focuscd on intervennons that are not
likely to encourage the emergence of antimicrobial
resistance, such as maximal barrier precautions.

Warfarin and Heparin Prophylaxis

Several of the diffcrent proteun components of a
thrombus increase adherence of S. aureus, S. epider-
mides, and Candida species to catheters (24-27).
Throrabus tormation on indwelling intravascular
catheters is associated with catheter-related blood-
stream infection (28, 29). Very-low-dose warfann
reduces venographically documented thromboss
with long-tetm use of central venous catheters (rel-
anve tisk, 0.25 {CI, 0.09 to 0.7]) (30) and reduced
thrombosis 1n an obscrvatonal study (31). Prophy-
laxis with very-Jow-duse warfarm should be strongly
considered for patients with long-term, indwelling
intzavascular catheters {Ifa).

In a meta-anaiysis, prophylactic heparin reduced
the risk for catheter-refated central venous throm-
bosis (relative risk, 0.4 [CL. 0.2 1o 0.8]) (32); how-
ever. the analysis failed to show a significant differ-
ence in the risk for central venous catheter-related
bivodstream infection when it was given in a bolus
intusion or added to intravenous solunions (relatve
risk, 0.26 [CI, 0.07 1o 1.03]) (32). Most heparin
solutions contain preservatives with antimicrobial

Table 1. Efficacy of Systemic Antimicrobial Prophylaxis
durnng Central Venous Catheter insertion in the
Prevention of Catheter-Related Infection®

Single-Dose Catheter-Related  Relative Risk  Cathorer-Relatec
Prophyiactc Bloodsiream {95% C1) Blooastream
Regimen infocooy Infection per 1000
{Raference) Cathetary Catherer-Days

nin (%) n
Vancomyem 624 (25} Q15
No vanzomyan (13} 7729 (24) 16(Qa2 ) [
Texcapiann 507194 (26} \
No tecoplanin (14) 467221 (2M) 12(08-1.9) 12
Tecoplamr 23320y -
No tercoplanun {1S) 2732 (E.3) 348-15 1 -
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* Date irom randomezed 1yt At U280 USNLLetve 07 SBIMEG o}
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sctivity (33). Thus, the fewer catheter-rclated infec-
tions associated with hepann use may be due 10 the
preservative, reduced thrombus formation, or both.
Prophylactic hcparin should be admimstered to pa-
tiears with shori-term central venous catheters [I].
Three U of hepann per ml in total parenteral
nutrition solution, 5000 U cvery 6 or 12 hours in a
flush solunon. or 2500 U of subcutaneous low-mo-
lecular-weight heperin daily all reduce the nsk for
catheter-related central venous thrombosis (32).
Heparin treatment should be discontinued if an un-
explained decrease in the platelet count 15 observed,
particularly if it is less than 100 000 cellsymL, or a
new thrombotic event occurs (34).

Site of Insertion

No randomized trials have assessed the sk for
infection associated with catheter inscrtion wnto the
subclavian, internal jugular, or femoral vem. How-
ever, tour prospective, observational studies using
multivariate analysis found that risk for intection
was significantly increased with insertion into the
mternal jugular vein compared with insertion into
the subclavian vewn (6, 35-37). Therefore, insertion
of a catheter into the subclavian vem is preferred to
reduce the risk for infecuon [II}. However, this risk
must be weighed against nominfectious complica-
nons associated with subclavian vein nsertion (38,
39). In one prospective, observational study, Cox
proportional hazards analysis showed that catheter
insertion into the femoral vein was assoctated with
catheter colonizanon (hazard, 4.2 {Cl. 2.0 to 8.8))
(40). The risk for deep venous thrombosis is higher
with femoral vein inscrtion than with subclavian
or internal jugular vem inseruon (41). Therefore,
femoral venous catheterization should be limited 10
circurnstances that prevent the use of alternative
access sites {II1).
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Subcutaneously Tunnefed Catheters

Subcutancous tunneling of short-term catheters
inserted into the internal jugular vein independently
reduces thc risk for catheter-related bioodstream
infection (relative risk, 0.2 [CI, 0.1 t0 0.7]) (42). A
study of subcutaneously tunneled femoral vemn cath-
cters failed to show a stauisteally significant differ-
ence in nsk for catheter-related bloodstream intec-
tion (rclative nisk, 0.3 [CI, 0.0 to 1.9]) (43). In a
meta~analysis, subcutaneous tunneling of subclavian
vein catheters did not significantly reduce the nsk
tor catheter-related bloodstream infection (relative
oisk, 0.71 [CI, 0.36 to 1.43]) (44). In the studies that
showed the greatest benefit from tunncling (42, 43),
potential colonization of catheter hubs was mins-
mized because the catheters were not used for
drawing blood. This may have magnified the impact
of the intervention by increasing the probability that
cathcter infections emanate from the insertion site
rather than the hub (45). The rustricted manipuls-
tion of the catheter hub in these studies contrasts
sharply with chnical practice in U.S. hospitals.
where central venous catheter hubs are frequently
manipulated during blood drawing. Therefore, sub-
cutaneous tunneling ot shori-term internal jugular
or femoral vein catheters 1s recommended if the
catheters are not accessed for drawing blood {lla].

Cutaneous Antisepsis

In the Unnted States, povidone-iodine is the most
widely used antiseptic for cleansing catheter inser-
tion sites (46). However, 1n three of four studies,
chlorhexidine significantly reduced the incidence of
mucrobial colonization of catheters comparcd with
povidone-iodine (47-50) (Table 2). Three studies
failed to show a stanstically significant difference 1n
catheter-related bioodstream infection when cathe-
ters inserted into new sites were cleansed with chlor-

Table 2. Efficacy of Chlorhexidine-Containing Cutaneous Antiseptics in the Prevention of Central Venous, Pulmonary
Artery, and Penpheral Artenal Catheter—Related Infection®

Reference Disinfeclant Catheter Rexative Risk Catheter-Retated Relative Risk
Type Colonzauon 95% Q) Bloodstream infecton (95% CN
nin (%) n/in (%)

a7 Chipmhendinet Sa 7212 {0 5

Controtz 3314547 3 .3« :~-08) 97454 (2.9) 020-19)
43 Chiorhex:dineT 169 (3 8 -

Control§ 12177 (6 8) 02(©1-C9 -
a9 Chiorhewdine'j 12N70(7 ) N700.8)

Control§ 24/045017) 04(02-08 452 1) 0.9(02-24 2
SC Chiorhexdined) 312 (32) 3 571000 aatheter-days

Control§ 24788 (27) 1.2 (0.8-1.9) 4 3/1000 catheter-day:
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hexdine compared with sites cleansed by using po-
vidone-tiodine or alcohol (47. 49, 50) (Table 2)
Limited power mn these studies was due to the low
mcidence of catheter-related bloodsiream mfection.
Alcohohic and agqueous chlorhexsdine producty are
not approved in the United States for use at inira-
vascular catheter insertion sites but are permitted
for such use in Canada and Europe. Chlorhexidine-
contamning antseptics should be uscd, where approved,
for skin preparation before catheter msertion [Ila).
Tincture of iodine 1s superior to povidone-iodine as
a cufancous antiseptic (S1, 52) and should be con-
sidered for preparution of intravascular sites {IV].

Sterile Barrier Precautions

Full barrier precaunons during imsertion of the
central venous cutheter (sterile gloves, lung-slecved
sterile gown, mask, cap, and large stcrile sheet drape)
reduce the inadence of catheter-related bloodsaeam
wfection compared with standard (sterile gloves and
small drape) precautions (0.08/1000 and 0.5/1000
catherer-days, respecuvely; P =0.02) (53). These
findings are supported by the results of a prospec-
tive, observational study (6). Full barrier precau-
tons should be the standard of carc during central
venous catherer insertion [IIa} and should be con-
sidered dunng insertion of midline and peripheral
artery catheters {IV].

Catheter Dressing

In two meta-analyses, the risk for central venous
catheter—related bloodstream infection did not differ
for groups using transparent dressings compared
with gauzc dressings to cover cathcter insertion sites
{54, 25), but both analyses included studies with
methodologic problems. One study (56) reported a
reduced risk for catheter-related bloodstream infec-
tion associated with gauze dressings (odds ratio, 0
[CL. 0.0 to 0.8]). No bloodstrcam 1nfections were
reported in another study (57). No significant dif-
ference 1n catheter-related bloodstream infecuon
was observed between patients with gauze dressings
and those with trunsparent dressings in three large
randomized studies that included catheters ex-
changed over guidewires into old sites (7, 58, 59).
On the basis of all avallable evidence, the choice of
centra] venous catheter dressing may be a matter of
preference and cost [11b}; however, gauze dressings
are preferred if blood is ovzing from the catheter
insertion site (58) [Ub).

Ointments

Results of randomized studies of the cfficacy of
tripie antibiotic ointment (polymyxin. bacitracin,
and neomycm) zpplied 1o catheter insertion sites
are indeterminate because of the low pumber of
catheter-related bloodstreamn  infections observed

24 20883 97:34AaM P6

(odds rato 0 [CI, 0.0 1o 1.5] [60]; relative nisk, 10
[CL, 0.2 10 7.3] [61]). These studies cannot rule out
the possibility of a prophylactic cffect. Increased
catheter colonizalion by Candida species associated
with use of triple antibiotic viotment has been re-
viewed elsewhere (62). Thus, applying triple antib-
otic ointment to catheter insertion sites is not rec-
ommended {IIa).

Results of randomized studies of prophylactic use
of povidone-iodine ointment applicd 10 msertion
sites of short-term catheters for the prevention of
catheter-relatcd bloodstream infections are also in-
determinute (rclative risk, 0.5 [CI, 0.1 w 2.7} [60],
relative risk, 1.0 {CL 0.1 to 7.1] {61)). Cathetcr-
related bloodstream intections were reduced in a
study of long-term hemodialysis catheters (relative
nsk, 0.1 [CT, 0.0 to 0.7]) (63). No nasal cammiers of
S. aureus in the povidone-iodine group developed
catheter-related bloodstream infection, compared
with 29% ot the conwol group (P = 0.03). Thus,
most of the trcatment effect was due to reduced
infections in nasal carriers of 5. awreus.

Application of mupirocin ointment to wsertion
sites tor temporary hemodialysis catheters reduces
the risk for cutheter-related bioodstream infection
with §. awreus (relauve risk, 0.1 [CI, 0.0 to 0.7))
(64). Prolonged use of mupirocin ointment at cath-
eter insertion sites has been associated with the
devclopment of mupirocin resistance (65), which
may reduce the utility of mupirocin for other pur-
poses (66). Mupirocin ointment may adversely affect
the integrity of polyurcthane catheters (67, 68).
Therefore, mupirocin ointment should not be ap-
plied 1o cuatheter insernion sites [IV].

Povidone-jodine vintment should be applied to
the insertion site of bemodialysis catheters [IIa).
Applying povidone-iodine ointment 1o insertion
sites of pontunneled, long-term central venous cath-
€ters in immunocompromised padents with heavy
S. aureus carmage (such as patients with ATDS [68)
or cirrhosis [70]) should be considered [IV].

Contamination-Shielded Pulmonary Artery
Catheters

Paticats who werc randomiy ussigned to have their
pulmonary artery catheters sclf-contained within a
thin plasnc sleeve that prevented touch contamina-
tion had a reduced nisk for catheter-related blood-
stream infection (odds ratio, 0 [CI, 0.0 to 0.5]) (71).
Therefore, a contamination shield should be used
for all pulmonary artery catheters [ila).

Catheter Maintenance

Two prospective, observational studies demon-
strated that excessive manipulation of central ve-
nous catheters independently increases the risk for
catheter-related  bloodstream infection (37, 72),
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probably because of the greater risk for a breuch
asepuic technique with multipic munipulatons. In-
appropniate care of intravascular catheters ndepen-
dently increased the risk for catheter-related blood-
stream nfecuion in another observational study (73).
Continuing quality qmprovement programs to assure
compliance with catheter care gudelines signifi-
cantly reduced primary bloodstream infection or
catheter-related bloodstream infection in four pro-
spective cohort studies (74-78). Continuing qualiry
improvement programs aimed at improving compli-
ance with catheter care guiwdelines are recom-
mended [T11].

Case—controi and cohort studies of patcents with
central venous catheters in ICUs have demoanstrated
that a reduction in the nurse-to-patiemt ratio from
1:1 w 1:2 independently increased the risk for cath-
cter-related bloodsiream infectnion (odds ratio. 61.5
[CL, 1.2 10 3()74]) (79). An adequate nurse-lo-pa-
tient ratio m ICUs is strongly recommended to pre-
vent life-threatening contral venous catheter-related
infecuons [III].

Two trials assessed specialized care provided by
trained nursing teams that assurcd stringent adher-
ence to aseptic techmque during tnsertton of pe-
ripheral catheters and catheter dressing changes
(80. 81). No bloodstream infections occurred in one
study (80). In the other swdy (81), catheter-related
bloodstream infection was reduced in the special-
ized care group (odds ratio, 0 [CI, 0.0 o 0.6}).
Specialized nursing care sigmificantly reduced phle-
bitis in both studies. Specialized nursing teams car-
ing for patients with short-term penpheral venous
catheters should be used to reduce the risk tor
phlebitis and catheter-related bloodstream infection,
parucularly at institutions with an increased ino-
dence of these events [IIa). Spewiabized nursing
teamns should also be used 10 reduce catherter-related
infections 1 parients receiving total parenteral nus
trtion [TV].

The results of a meta-analysis (82) are inconclu-
sive with regard to any benefit toward reducuon of
catheter-reiated bloodstream infection by routine
replacement of central venous catheters by using
guidewire exchange (relative risk, 1.7 [CI, 0.9 1o
3.3)). Rounne replacemcnt of central venous cath-
eters is not wndicated [I} as long as the integrity of
the catherer polymer is stable for the expected usc
of the catheter and the duration of catheterization
(83).

Intravascular catheters may remain 1n place long
after their intended use (84). increasing the risk for
catheter-related bloodstream 1ntecuon. Physicians
and nurses should assess patients’ need tor intravas-
cular catheters, and all other temporary foreign
bodies, on a daily basis. These devices should be
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removed #s soon as possible after thew intended use
[IV] (85).

Injection Hub and Connection Port

Catheter hubs and sampling ports should be dis-
infected before they are accessed {IV] (8-10). Al-
cobol, povidone-iodine, and chlorhexidine are etfec.
tive (86, 87) but are only slightly more effective than
salinc because premoistened cotton swabs physically
remove most pathogens from catheter hubs (86).

In one trial (88), 2 hub contaning an antiscptic
chamber filled with iodinated alcohol reduced the
nsk for centrul venous catheter-related bloodstream
(rclauve risk. 0.2 [CI. 0.1 10 0.7}). This hub is avail-
able in Europe but not the United States. Another
mal assesscd the efficacy of a sponge saturated with
povidone-iodine housed within a plastic casing and
fitted around the catheter hubs (89). It reduced the
inaidence of catheter-related bloodstream infection
from 24% to 0% (P = 0.02). This device is available
in the United States but not in Europe. In both
tnals, catheters were n place for approximately 2
weeks. Greater catheter hub manipulation increases
the risk for contamipation (90). Duning prolonged
catheterizarion. catheter hubs are accessed multiple
times, increasing the likelihood that cathcter-relared
bloodstream infecuion emanatcs from colonized
hubs rather than the msertion site (91). Either of
these two specialized hubs should be considered for
patients without iodine allergies who require central
venous catheterization for approximately 2 weeks
[Ia} or possibly longer. These devices may benefit
ICU pauents whose central venous catheters are
heavily manipulated but will be in place for a
shorter duration [IV].

Many needleless systems are available for use
with intravascular catheters. Several case-control
and cohort studies have demonsirated an increased
risk for cathcter-related bloodstream infection with
these devices (92-102). This may reflect suboptimal
design of the device (93, 96), infrequent replace-
ment of the necdlicless device or the end caps cov-
enng the device (94, 97, 99), contamunaton of the
device with water-borne gram-negatsve bacilly during
buthing or other acuvites (96, 98, 100), or self-
administered itravenous infusions (98). In vitro ex-
penments have shown that proper disinfection of
needleless system injection siles prevents microbial
transfer from the hub to the intraluminal fiuid path
of catheters (100-102). In a crossover clinical trial
(103), use of a needleless system after adequate
trarming did not increase the nsk for catheter-related
bloodstream infection. In a larger tral. a needleless
system was independently associated with reduced
contamination of infusate (104). To prevent intra-
vascular catheter-related bloodsiream infection as-
sociated with needleless systems, the device and the
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Table 3. Efficacy of a Silver-impcegnated Subcutaneous Cuff for the Prevention of Central Venous
Catheter-Related infecuon®
Referance Catheter Type Catheter Relauwe Rk Cathete:r -Relateg Relative Resk Mean Durauon af
Colomzanon {95% Ci) loodstrear Infection (95% Catheterization
oin (%) nin (%) o )
107 Siverampregnated
subutaneous cuft -5, -{83) S
Control -Ng) -1{0) 5
108 Siiver.unpregnated
subcutaneous cuff 99 (7 1) "I )
Conro! 331135 (28) 03( 1-0.6) 513537 03{(00-23) 7
109 Siker-mpregriated
subcutaneous cutf 2162 (4 8) S/42 (12) 20
Control Y43 & 7 10{02-€9) 6/43 (14) 09(03-26) 23
1Mo Suver-impregnated
subcutaneous cuif 287 (1% 267 4 3) 35
Contro! 11/52 20 C.7103-1.7 2/541{3 7) 12(02-7.8 a2
th Siverampregnated
subcutanecus cuff 33/92 (36) a7
Convol - 351108 (32) i1{08-~16) 143

* Daw irom randomized stuchet thal Used QUanNUTAlVe O/ 0M-Quentitatnt CAThOTE CLitury MEINOdS I DerTUlaNeoUsly drawn biood Cultures of >10° colonyLorming ynis of

1075 13eNRt /N1 & New Zite (wthGut ANTMCroB:al gIntment appiiad 10 the pie!

mcrobat grawdurnl of biood coliected trough the catheter 1o dafine
rathet Dun OVeY & gQurlewst M0 an 00 St

end cap (if present) should be changed regularly m
accordance with manufacturers’ guidelines, the sur-
face of the device should be adequately disinfected
before it is accessed (for example, by using an iso-
propyl alcohol-saturated pad), and special care
should be taken 10 reduce direct contact with non-
sterile water {I11].

inline Filters

Inline 0.22-um flters in intravenous tubing re-
duce the risk for phlebitis (105). There are no ad-
equate studies showing that filters reduce the risk
for catheter-related bioodstream infection. Inline fil-
ters are not recommended for prevention of these
infections {IV).

Antimicrobial-Coated or impregnated Catheters
and Cuffs

Antimicrobial-impregnated or antimicrobial-coated
devices and cuffs are important additions to the group
of preventive strategies. Most pulmonary srtery and
umbilical artery catheters are heparin-bonded with
benzalkonium chloride. The benzalkonium chloride
provides the catheters with short-lived antimicrobial
activity (106). Benzalkonium chloride~coated pul-
monary artery catheters should be used because
they may prevent catheter-related infectons {IV].

A silver-impregnated subcutaneous collagen cuff
attached to a central venous catheter acts as a tssue-
interface barrier. The findings of wo studies of
short-term catheter-related bloodstream infections
associated with use of this commercially available
cuff are inconclusive because of the small number of
catheter-related bloodsiream infecuons observed
(107, 108) (Table 3). In the combined trals, with
dwell tumes of 20 days or longer, use of tms cuff did

7 March 2000 + Annabs of Internal Medicine « Volume 132 ¢+ Number 5
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not reduce the incidence of catheter-related blood-
stream infecuon (109-111) (Table 3). Extrusion of
the silver cuff from the catheter tunnel tract to the
skin and minimal subcutancous anchorage of tun-
neled, silver-cuffed central venous catheters have
been observed, possibly because of a cytotoxic effect
of the silver (112). On the basis of all avaiiable
evidence, use of this device is not recommended
with short-term [Ila] or long-term [Ila] catheters.
The efficacy of catherters impregnated with chlor-
hexidine and silver sulfadiazine on the outer surface
was the subject of a meta-analysis (113). The Man-
tel~Haenszel method was used in the present review
to estimate a8 summary measure of the effect of this
device on catheter-related bloodstream infections by
combining the results from six of eight prospective
studies of short-term (less than 2 weeks) central
venous catheterization (8, 114-120) (Table 4). This
analysis demonstrares that short-term use of a catheter
impregnated with chlorhexidine and silver sulfadiazine
reduced the risk for central venous catheter-related
bloodstream infection (Mantel-Haenszel weighted
relative nisk, 0.4 [Greenland-Robins CI, 02 to 0.8]).
One study (121) failed to show & difference in central
venous catheter-related bloodstream infection with
use of this catheter for & more prolonged dwell time
(Table 4). Use of this catheter should reduce cost m
setiings in which the incidence of bloodsweam infec-
tion caused by use of short-term central venous cath-
eters is greater than 3.3 per 1000 catheter-days (8).
On the basis of a multivariate sensitivity analysis.
use of this catheter should lead to a cost saving of
368 1o 5391 per catheter (122). The currently mar-
keted chlorhexidine-silver sulfadiazine-umpregnated
catheter is not effective for catheters in place for an
average of 3 weeks (121) (Table 4). This finding
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Yable &. Efficacy of Chlorhexidine-Silver Suitadiazine-impregnated Central Venous Catheters in the Prevention of

Catheter-Related infection®”

Retercnce Catherer Catheter Relative Aisk Catheter-Reldted Relative Risk Mean Duranon of
Type Cotomzduon (95% Ch Bioodstream infecion (95% CY) Cotheterzatuor
an e nla (%) 0
8 CHSS - 1/98 (1 OV -5
Control - 5/113 (¢ &) 02(00-19) ~5
114 CHSS 4128114 - 7
Conzrel 1025 138 04iC1-10) - ?
18 CHSS 22/68 (32) 5/68 (7 4) 7
Contral 22/60 (37) 09(06-14) 7760 (12) 0.6(02-15) 8
116 CHSS 217116 (18) o116 (0 8
Control 607N 06(04-09) N72e 0.5(0e-07 a
7 CHSe 1787 (05 VET (S, 9
Comrol 13787 (35) 01(00-07 am7 (4 B 05104-0M 7
18 CHSS 10744 (23) - -
Control 25735 (71) 03(02-086 - -~
19 CHYS - 32(6%) 10
Coatrsi - 40 (1.5) 0aQ2-a7) 1
120 CHSS 45/199 (23) 1/199 (0.5) u
Controd 63/189 (33) 07(065-09) 4/189 2 0) 0.2{00-2 1) T
121 CHSS - 177338 (S O 20
Contrel - 15/342 (4 4) 12(06-2.3) 20

= Data from randomzed studies thot used g, or semi-Qudt

Utative Catheter Culture methods and percutineously Grawn biood Cuitures 1o Oefina binodtraam infection w

eatheters nzerted N0 3 New Lt (withGut $AUMICI00IS! Btment 3npiied 10 the mic! ;athar than OWSr 3 Gudswiia 1NM0 an Gl ke THSS = chorhexdine-wwer sulfadaznne-

IMDreQnIed GEThetern

probably reflects reduccd antimicrobial activity of
the catheter over time (116, 121) and a lack of
protection from microbes invading the luminal sur-
face of the catheter from contaminated hubs. Resis-
tance to the chlorhexidine—silver sulfadiazine cathe-
ter has not been demonstrated in clinical studies. In
vitro studies designed to induce microbial resistance
to chlorhexidine have been suecessful (123). These
experimnents were done in the absence of silver sul-
fadiazine, with bacteria not usually associated with
catheter-related infections and under conditions
that differ from the clinical conditions in which the
chlorhexidine—silver sulfadiazine catheter is used.
There are reports, predominantly in Japan, of ana-
phylactic reactions to the chiorhexidine component
of this catheter (124). As of 30 December 1999, no
such reactions were reported to the U.S. Food and
Drug Adminsstration (Freedom of Information In-
quiry). Use of central venous catheters impregnated
with chlorhexidine and silver suifadiazine should be
considcred when catheterization is expected to last
less than 2 weeks and when the rate of infection iy
high despite adhercnce to other strategies, such as
maximal barrier precautions [1]. Adverse reaction
associated with this or any other device should be
reported to the U.S. Food and Drug Administra-
tion’s MedWatch program (wwiw.fda.gov/medwatch)
and the Centers for Disease Control and Prevention
(www.cde.gov).

Use of commercially svaslable central venous
catheters impregnated mtraluminally and extralumi-
nally with minocycline and rifampin reduces the risk
for catheter-related bloodstream infection com-
pared with the currently available chlorhexidine-silver

sulfadiazine-impregnated catheter (relanve nisk, 0.1
[CI. 0.0 to 0.6]) (125). Resistance to minocychne
and nfampin impregnated on catheter surfaces has
not becen demonstrated in clinical studies, but pop-
ulation analysis (22, 23) was not used to detenmine
whether subpopulations of skin microbes develop
resistance after prolonged exposure to this antibiot-
ic-impregnated catheter. One in vitro study sug-
gested that use of catheters impregnated with mi-
nocycline and rifampin may lead to development of
resistance to these agents (126). However, use of
these devices may reduce the use of systemic anti-
biotics, such as vancomycin. Use of central venous
catheters impregnated with minocycline and n-
fampin should be considered when the rate of
bloodstrcam infection related to use of short-term
central venous catheters is high despite use of pre-
ventive strategies that do not incorporate agents
otherwise used for systemic antimicrobial therapy
[11a}.

Current recommendations for the prevention of
catheter-related bloodstream infection are listed in
Table 3.

The Future

Over the past 25 years, much has been leamed
about catheter-related infections and their preven-
tion. However, additional adequatelv powered ran-
domized studies with appropriate microbiological
methods are needed.

A study of covalently linked heparin on the sur-
face of central venous catheters to reduce the nsk

398 7 March 2000 - Annals of Intermal Medicine « Volumk 132 - Number 5



FROM : DOWLING & DENNIS

.

PHONE NO. :

for catherer-related bloadstream intection was inde-
termunate (odds ratio, 6 {CI, 0.0 to 1.5]) (127) This
strategy is attractive because it does not incorporate
anunucrobial agents; further studies of it ure war-

catheter externally coated with

rantad A cendu nf
exXICInasy Coaltd wiin

raniec. A siugy Of a Calieit
silver was also inconclusive (relative risk, 0.5 [Cl,
0.2 to 1.0]) (128); again, further clinical trials with
this catheter are needed. Electrically charged cath-
eters prevent colonzation by vanious microbes (129,
130), but there are no published clinical trials of
these catheters.

Gene products of an ideutified operon mediate
the §. epidermidis autoaggregation and biofilm for-
mation so commoniy encountered on the surface of
colonized iniravascular catheters (131). Blocking the
expression of this operon may prevent adherence ot

5199423422

S. epidermucts 10 the catheter surface. Antibodies
that block the fibroneciin-binding protein adhesin of
S. aureus have been developed (132). Coating future
catheters with sunilar antiadhesin molecules may
Quorum sensing among

mfaction
QRAIINSLL

thuarr O
~ 18I LiNTIa.

thwan
microbes is necessary for the maturation of biofim
(133). A better understanding of this form of mi-
crobial commumecation may lead 10 the develop-
ment of chernical messengers that block biofilm for-
mation.

Future prospects for the prevention of foreign
body infections are bright. Our expanding knowi-
edge of the molccular pathogenesis of catheter -
fecrions wili undoubtediy guide us in the continued
struggle aganst microbial colonization of tomor-
row’s catheters.

Z1riPoEsy
iG>

Table S. Recommendations for the Prevention of intravascular Catheter~Related Infection

Prevenove Strategy Recommended for Clinical Use Grage* Recommended Recommended by the
n Current Hospital infection Contro!
Revigw Pracnce Advisory
Committzet
Cathetsr insernon
Subculanenys SUNNEhNg short-term catheters Miserted in the \nterns! jugular or fermorat
veins when atherers 3re not used 10r drawang blood LF} Yes No efhicia! recemmendation
Full barer precautons dunng central venous cathete: naerton Ua Yes Yes
Conamnauon shieid for pu/monary artery catherers #a Yes No ol recarmmendanon
Preparation of insertion site with chiorhexdine-CoNtamning antisepucs Ha yos Na off:cal recommendation
Prophytaxs with vancomyain and other therapeutic ageny tia No NO
Femoral vem catheter msertion n No No official recommendation
Subclavian vern rather than wuernal juguias vem catheter inserton w Yes Yes
Preparation of inserbon site with uncture of wdine (Y Yes Yes
Fuk barrer pracaunons durng msertion of mudiine, penpheral antery, and putmonary artery
catheters Yes Yes
Catheter mantenance
Routne replazement of cantrol venous Catheterst ! No No
Chiorhexidine-ziver sulfadiazine—wmprugnated shar-term central venous catbeters 1 Yes Yes
Low-gose heparin for panents wath short-term central venous catheters [ Yes Yes
Speciakzed nursmg tearms canng for patients with snort-term penpheral verious Gatheters
at Inshitutions wath a lugh mcidence of infection lia Yes Yes
POvigone-cdine ointmert appiiedd 10 hemnodhaiycis cdtheter nservon sites Ha Yes Yes
Hub with chamber filled with rodmated alcoho! for centrai venous catheters with an
expected Ouianon of approximately 2 weeks s Yeg No official recommendesion
Powndone~odine-saturated sponge enciosed in pRASUC ¢asng hiteo around the hubs of
<entrai venous cutheters with an expecied 2-weex guration e Yas No offitial recommentdanon
Minocycline-nfampin~moregnated shom-term cenual venoys catheters u Yes Yes
Tnple anubiouC ontments appiied to M5LRION Sites LHY No No
Sriversrmpregnated subcutaneous collogen—cutfed short-term central venaqus catheters fa No Yes
Siver-mpregnated subcutaneous coldnen- cuffed long-lerm central venous catheters fa No Nu offictal recommendation
Low-dose warfann for panents with (ong-1erm Central venous cithetercy 1a Yes No cfficai reccmmendation
Transparent or gauze dressing for central venous Stheters b ves Yes
Gaure dressings whan biood is cozmg from the msertion site ] Yes No official recommendgation
n Yes N2 cft.cial reconmenaation

Adequate nurse=to-panert rano in KUs

Change needieless system, aswvice, anad end ¢ap (if Dresenty on a regular bases in
sccordance with manufaciures s guidehines and reguce COMaCT with nonstenle water " Yoy
Continuang quality improvement programs to (MEIDve COMPUANCe with catheter care

gquidelnes
Remove catheters 35 500N as possibie §71er ntendedy use
Dmsinfect catherer hibs and samphng ports before accessng
Pulmonary antery Cathete’s heparin-bonded with benzatkonium chloride

No ofhual recommendaton

Povidene-ipdine ointment appired 10 insertion sites nontunneiec central venous catheters

of immunocompromised panents with heavy Staphylotoccus aureus carnage (for

example, patents witn AIDS or Grrnosrs)

Speciahzed nurning tearns cGenng {or patents with catpeters used for total parenterat

nutimon

Hub wath cndmber filled with iednated akohs| or hub-proteCtive povidane-iodine—
saturated sponge for heauly mamouiated centrai venous catheters in ICLs

Muprocin omimeni dpphec to the insertion site
inne riers

L Yes Yes

v Yes Yes

N ves Yo<

W Yes No official recommendauon
w ves No othicial recommendanon
W Yer Yes

[\ Yes No offictal recommendator
v No No

v No No

Ku a

* Sée Mmnods section 1or crtena wsed (0 Orade rec
T Aeteronce §
* Recommendations Tafer 10 Drevennon of tathnts'.reialeg thrumobous
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