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Vascular Catheters Impregnated With
Antimicrobial Agents: Present Knowledge 

and Future Direction
Issam I. Raad, MD, FACP

In 1988, Maki and colleagues predicted the
beginning of a new era in the prevention of vascular
catheter-related infection. In a concluding statement
in their study on an attachable silver-impregnated
cuff, Maki et al made the following statement,
“Binding of a nontoxic antiseptic or antimicrobial to
the entire catheter surface, or incorporation of such
substance into the catheter material itself, may ulti-
mately prove to be the most effective technologic
innovation for reducing the risk of device-related
infections.”1 Studies completed in the late 1980s and
early 1990s showed that vascular catheters impreg-
nated with antimicrobials did decrease the risk of
catheter colonization and, ultimately, infection.2-12
Sherertz demonstrated the efficacy of catheters
coated with various antimicrobial agents such as
dicloxacillin, clindamycin, fusidic acid, and
chlorhexidine in vitro and in an animal model.4,5
Using tridodecylmethyl-ammonium chloride as a
bonding cationic surfactant, Kamal et al coated
catheters with cefazolin and demonstrated in a
prospective trial an almost sevenfold reduction in
the incidence of catheter colonization.8 However,
there were no cases of catheter-related bacteremia
in either the control or the antibiotic-coated–catheter
study arm. The choice of the antimicrobial used (cefa-

zolin) in the coating of catheters raised several ques-
tions from an infection control perspective. With the
emergence of nosocomial organisms resistant to vari-
ous antimicrobial agents used in the treatment of
bloodstream infections, such as b-lactams, glycopep-
tides, aminoglycosides, quinolones, and azoles, it is
prudent to refrain from using such antimicrobial
agents as prophylactic agents in the prevention of
catheter-related infections.

As an alternative to therapeutic antibiotics used
in the coating of catheters, Maki and colleagues used
antiseptic agents such as chlorhexidine and silver
sulfadiazine.7 In a prospective randomized clinical
trial that appeared in abstract form, Maki et al
showed that catheters coated with chlorhexidine and
silver sulfadiazine decreased the risk of catheter-
related bloodstream infection by more than
fourfold.7 However, the protective efficacy of these
catheters coated with chlorhexidine and silver sulfa-
diazine could not be demonstrated in two recently
reported smaller studies.13,14

We recently have coated central venous
catheters (CVCs) with a combination of minocycline
and rifampin. These catheters were shown to have
broad-spectrum in vitro inhibitory activity against
staphylococcal organisms, various gram-negative
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bacteria, and Candida albicans.10 This was signifi-
cantly superior to the inhibitory activity of CVC coat-
ed with chlorhexidine and silver sulfadiazine and
was not associated with the emergence of antibiotic-
resistant bacteria.11,12 This combination significant-
ly decreased the risk of colonization and infection in
a rabbit model, as well as in a multicenter prospective
clinical trial.11,12

Based on the available reported data, CVCs
impregnated with antimicrobial agents seem to be
safe and efficacious in preventing catheter-related col-
onization and bloodstream infections.2,7,8,12
However, several important questions related to this
field of investigation need to be addressed and stud-
ied. 

1. Should all vascular catheters be impregnated
with antimicrobial agents? Does that include periph-
eral catheters?

2. Which patient population would benefit best
from the use of such impregnated catheters?

3. What is the impact of using impregnated
catheters on the cost of health care? Are these
catheters cost-effective?

4. Which agents should be used to impregnate
catheters, and which should be avoided to minimize
the risk of emergence of organisms resistant to ther-
apeutic antimicrobial agents?

Sherertz et al, as reported in this issue of the
journal, have investigated in a prospective, random-
ized, double-blind study the role of chlorhexidine-
coated peripheral venous catheters in preventing
the risks of phlebitis and catheter colonization.15
Catheters covered with chlorhexidine decreased the
risk of phlebitis when compared with uncoated con-
trol catheters, but this decrease was not statistically
significant. In addition, coated catheters did not
decrease the risk of colonization as compared to con-
trol uncoated catheters. However, among catheters
that were colonized with microorganisms, coating
with chlorhexidine substantially decreased the risk
of phlebitis (P=.07). Survival analysis showed that
chlorhexidine-coated catheters decreased the risk of
phlebitis only during the first 3 days of placement
(P=.06). Because most peripheral catheters are
removed within 3 days of placement, the decrease in
the risk of phlebitis during the first 3 days will not
have an impact on prolonging the duration of place-
ment of short-term peripheral venous catheters.
However, the study by Sherertz and colleagues is
important in demonstrating the safety of catheters
coated with chlorhexidine and the fact that they may
decrease the risk of phlebitis during the first 3 days
of placement. These data are consistent with previous
data that have demonstrated that catheters coated

with chlorhexidine alone do not increase the risk of
inflammation compared with uncoated polyurethane
catheters in a rabbit model.16 Kamal et al studied a
peripheral arterial catheter as part of a prospective,
randomized study of catheters impregnated with
cefazolin and demonstrated a decrease in the risk of
colonization; however, this difference was not statisti-
cally significant.8 Hence, at the present time, there is
no firm evidence that antiseptic or antimicrobial coat-
ing of peripheral vascular catheters significantly
decreases the risk of phlebitis or catheter-related
bloodstream infections. Given the low risk of blood-
stream infections associated with peripheral vascular
catheters, the use of coated peripheral catheters
might not be cost-effective.

The patient population that might benefit the
most from antiseptic-coated or antimicrobial-coated
vascular catheters would be those at the highest risk
of bloodstream infection and those in whom the
bloodstream infection would result in the highest risk
for morbidity and mortality. This patient population
includes critically ill patients with CVCs, for whom at
least 4% of the CVCs are associated with a blood-
stream infection resulting in 6.5 additional days in the
intensive-care unit and an additional cost of $28,690
per survivor.17,18 The attributable mortality of CVC-
related bloodstream infections in that patient popula-
tion is 25%.18 Immunocompromised patients, such as
cancer or human immunodeficiency virus patients
receiving interleukin-2 or hyperalimentation therapy,
may benefit from such devices. The role of antiseptic
or antimicrobial impregnation of pulmonary artery
catheters in critically ill patients also should be con-
sidered. Given the high cost of surgically placing sub-
cutaneous ports and tunneled catheters in immuno-
compromised patients, silicone catheters coated with
antimicrobial agents should be considered as a poten-
tially cost-effective alternative that would eliminate
the need for surgical implantation. To serve as a cost-
effective alternative, silicone catheters should main-
tain an antimicrobial preservative in the silicone of
the catheter for a long period of time and be inserted
on an outpatient basis without the need for a surgical
procedure requiring the operating room.

The risk of emerging multidrug-resistant noso-
comial pathogens exists in any situation where antimi-
crobial agents are used. However, the concern related
to antimicrobial resistance should not deter the med-
ical community from using antimicrobial agents in a
judicious prophylactic manner. To win the prophylactic
war against emerging multidrug-resistant organisms,
one should use the strategy of “divide and conquer.”
Therapeutic agents, such as glycopeptides, b-lactams,
quinolones, and aminoglycoside antibiotics, used in the
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treatment of bloodstream infections should not be used
to coat vascular catheters or in a prophylactic manner.
Antiseptic agents such as chlorhexidine and silver sul-
fadiazine, or antimicrobial agents such as fusidic acid,
novobiocin, minocycline, rifampin, and polymyxin,
could be considered for impregnating vascular
catheters. The fact that vascular catheters impregnated
with antimicrobial agents decreased the risk of colo-
nization could have an impact on the excessive and
unnecessary use of some antimicrobial agents. In
many hospitals, vancomycin often is given to treat a
febrile patient with a single positive blood culture for
coagulase-negative staphylococci drawn through the
CVC. The positive predictive value of a single blood
culture positive for coagulase-negative staphylococci
ranges from 4.1% to 26.4%.19-22 Such positive cultures
drawn through the CVC often are a byproduct of intra-
luminal or hub colonization of the catheter rather than
a bloodstream infection associated with a skin organ-
ism. CVCs in which both the internal and external sur-
faces are coated with antimicrobial agents are less
prone to luminal colonization and hence might result in
a lower frequency of false-positive blood cultures for
coagulase-negative staphylococci. This, in turn, might
decrease the unnecessary use of vancomycin and
therefore may decrease the risk of emergence of
vancomycin-resistant antibiotics. It is important to real-
ize that resistance is most likely to emerge in the set-
ting of high bacterial colonization of a specific area
(such as the gastrointestinal tract) or in patients with
infections characterized by a high concentration of
organisms (such as endocarditis). CVCs rarely are
colonized with a high concentration of organisms, and
hence the resistance to a synergistic combination of
antimicrobial agents would be relatively low.
However, to minimize the risk of antimicrobial resis-
tance, the following principles should be considered:
(1) Impregnate the external and internal surface of
catheters with antimicrobials that are not used rou-
tinely as therapeutic agents in the treatment of blood-
stream infections. (2) The antimicrobial agents
should be used in combinations that are not antago-
nistic and, preferably, that are synergistic. (3) The
antimicrobial combination should have broad-spec-
trum inhibitory activity against methicillin-resistant
staphylococci, resistant gram-negative bacilli (such as
Stenotrophomonas maltophilia), and Candida species.
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