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Abstract Prevention of catheter-
related bloodstream infections is
critically dependent on an accurate
knowledge of the two main routes
by which intravascular devices be-
come contaminated: the extralumi-
nal (skin-related) and the intralu-
minal (hub-related) routes. Extra-
luminal catheter seeding results
from infection of the catheter entry
site by microorganisms and leads
to bacteremia most often during
the week following catheter place-
ment. The main ways of preventing
it are appropriate skin disinfection
and the adoption of maximal anti-
septic barriers at the time of ca-
theter insertion. Avoiding the in-
ternal jugular and the femoral
veins, whenever possible, will re-
duce the likelihood of bacteremia.
Intraluminal contamination is the
consequence of improper handling
of the catheter hub at the time of

connection and disconnection of
the administration set. It is the
most common origin of catheter in-
fections after the first week of ca-
theter placement. Multiple-lumen
catheters, side-ports and multipur-
pose catheters particularly increase
the risk of endoluminal contamina-
tion. To prevent it, strict asepsis
should be observed in hub han-
dling and hubs should be protected
against environmental soiling with
an antiseptic impregnated gauze at
all times. New technology is availa-
ble for prevention of catheter in-
fections: antibiotic and antiseptic-
coated catheters, antiseptic hubs,
disinfecting caps and flushing solu-
tions are currently undergoing
scientific assessment.
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Introduction

Catheter-related bloodstream infection (CRBI) is the
most frequent cause of hospital-acquired bacteremia
(1). In the United States, 400,000 episodes of CRBI
may occur every year (2), with a mean cost of 3,700 $
per episode and an average prolongation of hospital
stay by 1 week (3). Around 20% of patients with CRBI
die, and in one third of these cases death can be directly
attributed to CRBI. The risk of CRBI is higher with
either short-term or long-term central venous catheters
(1–20%) than with peripheral cannulae, Swan-Ganz or
arterial catheters (0–7%) (4). Well-known risk factors

are the access site, emergency insertion, multiple ma-
nipulations and number of catheter lumens.

Pathogenesis of CRBI

For successful implementation of strategies for CRBI
prevention, it is essential that the health care personnel
dealing with intravascular access devices have precise
knowledge of the mechanisms by which catheters be-
come contaminated.

Although it has long been believed that catheters
are contaminated almost exclusively by microorganisms
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present at the skin entry site, it is now widely accepted
that most of the CRBI associated with long-term ca-
theters (110 days) stem from endoluminal bacterial
seeding from the catheter hub. Thus, it is now estab-
lished that the main routes by which microorganisms
gain access to an intravascular device are the extralumi-
nal (skin-related) route and the endoluminal (hub-re-
lated) route. Contamination can also originate, albeit
rarely, from bacteremia arising from a distant focus
(hematogenous seeding) or from contaminated fluids
or parenteral nutrition mixtures.

The extraluminal route

The implication of skin microorganisms in CRBI has
been exhaustively documented by both conventional
and molecular biology bacterial identification tech-
niques (5, 6, 7). Contamination of the insertion wound
is followed by capillary progression of microorganisms
(6), which then adhere to the catheter’s external surface
until a critical number is reached after which they pass
into the bloodstream. The highest risk for skin-related
infection – as in general for all clean surgical wounds –
is during the first week after insertion, although cathet-
er site infection in implanted devices has been well doc-
umented even years after the implantation procedure.
Different skin areas have different levels of risk of skin-
related infections, probably as the result of local condi-
tions, such as bacterial density, skin pH and/or facilitat-
ing conditions (hair, wrinkling, etc.). The insertion ar-
eas can be classified from low to high risk of extralumi-
nal infection as follows: antecubital fossa ~ subclavian
~ femoral ~ jugular (8).

The endoluminal route

In the mid-1980s it was evident that some findings relat-
ing to CRBI could not be explained with reference to
the extraluminal contamination route. Many patients
with CRBI did not have clinical infection at the inser-
tion site; others experienced CRBI associated with loo-
sening of the catheter–infusion set junction; in some
studies, bacteria present in the catheter tip and blood
did not match those recovered at the catheter entry
site. These facts were correctly interpreted when the
relevance of endoluminal contamination was recog-
nized (9, 10). Cultures of the inner surface of the ca-
theter hub showed that in TPN catheters that were in
place for a mean of 3 weeks the main route of contami-
nation was via the endoluminal hub (11, 12). At that
time, it was suggested that the recognition of endolumi-
nal contamination would substantially change the stra-
tegies for prevention, diagnosis and treatment of CRBI
(10). Catheter hubs are contaminated during manipula-

tion of the junctions when microorganisms present on
the external hub surface or in the vicinity (patient’s
skin, tracheostomy, wounds) are transferred to the hub
lumen by the fingers of the nurse or physician handling
them (13). Multiple-lumen catheters and multiple side-
ports increase the patient’s risk of acquiring infection
through endoluminal contamination.

Microbiology

The three most common types of organisms causing
CRBI are the skin commensals coagulase-negative sta-
phylococci (usually S. epidermidis), Staphylococcus aur-
eus and Candida spp. More rarely, gram-negative bacil-
li such as Pseudomonas spp., Acinetobacter spp., X.
maltophilia, enteric organisms and enterococci are im-
plicated (14). CRBI caused by X. maltophilia or Ente-
robacter spp. should alert medical staff to the presence
of fluid contamination.

Prevention of CRBI

Vascular catheterization brings about an unphysiologi-
cal continuity of the densely contaminated external mil-
ieu with the bloodstream along two interfaces: the out-
er catheter surface and the catheter lumen. Preventing
bacterial progression along these two breaches could
ideally be achieved by permanent skin antisepsis at the
catheter insertion site and by creation of an antiseptic
barrier at the hub(s) level. In any circumstances, proto-
cols aiming at CRBI prevention must focus on strate-
gies to prevent both extraluminal and endoluminal con-
tamination. It is unfortunate that the recently approved
CDC “Guideline for prevention of intravascular-de-
vice-related infections” focuses exclusively on preven-
tion of extraluminal contamination and offers no advice
on hub protection (15). This should be amended in fu-
ture recommendations if this guideline is to make a sig-
nificant impact on the overall CRBI rates throughout
the world.

Prevention of extraluminal contamination

Aseptic catheter insertion

Central venous catheter placement must be performed
with maximal sterile barriers. Raad et al. (16) com-
pared two groups of patients undergoing central venous
catheter placement with or without maximal aseptic
barriers (large drape, sterile gloves, gown, cap and
mask). Maximal asepsis was associated with a sixfold
improvement in the CRBI rates. As expected from a
surgical point of view, in the control group, two thirds
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of the CRBI occurred during the first week after ca-
theter placement. A similar experience has been pub-
lished regarding insertion of pulmonary artery cathet-
ers (17).

Skin antisepsis

Permanent exit site antisepsis is a difficult goal, but
substantial progress has been made recently. Two stud-
ies have suggested the superiority of chlorhexidine-con-
taining antiseptic solutions over iodine solutions or
70% alcohol (18, 19), particularly for the eradication of
gram-positive cocci. Although transparent dressings are
widely used, a meta-analysis suggests that the incidence
of catheter tip colonization is higher when these are
used instead of the conventional “gauze and tape”
dressings (20).

Scheduled catheter replacement

Routine replacement of catheters over a guidewire ev-
ery third day does not confer better protection against
CRBI than replacement only when clinically indicated
and, in fact, may increase the risk of infections (21).
There is now growing consensus that central venous ca-
theters should not be routinely replaced.

Endoluminal contamination

Aseptic hub handling

Aseptic handling of the catheter hub(s) is the corner-
stone of prevention of endoluminal contamination. In
addition, proper junctional care implies reducing the
number of connections, separating the hub from the pa-
tient’s skin and protecting the hub from environmental
soiling at all times (22). Reducing the number of times
the infusion sets are changed has helped to lessen ma-
nipulation of the hubs and consequently to reduce the
chance of bacterial contamination (23).

Reduction of numbers of access ports and catheter
lumens

Brismar et al. (24) have documented bacterial contami-
nation of side-ports and stopcocks. Three-way stop-
cocks should be handled aseptically and must remain
protected from environmental soiling, particularly
when not connected to an infusion set. The use of mul-
tiple-lumen catheters increases the risk of CRBI (25,
26).

External appliances for hub protection

Hubs can be contaminated by organisms present on the
patient’s own skin, blankets, tracheostomies, intestinal
fistulas, bladder catheters or infected surgical wounds,
which are transferred to the hub by the hands of health
care workers. Applying a gauze impregnated with povi-
done iodine around the catheter hub proved successful
in controlling an epidemic of catheter sepsis caused by
coagulase-negative staphylococci in our unit (23). In a
controlled prospective trial (27) patients with tunneled
Silastic central catheters were randomized to two
groups, one (control group) managed in a standard
fashion and the other managed by applying a betadine-
impregnated foam around the junction between the ca-
theter and the administration set. A 24% CRBI rate
was demonstrated in the control group, while not a sin-
gle case of bacteremia was found in patients whose
hubs had been protected.

Antibiotic flushing

Flushing central lines with vancomycin has been shown
to prevent CRBI in neonates (28, 29, 30). This practice
probably delays or prevents endoluminal staphylococ-
cal seeding. The routine infusion of antibiotics should
be discouraged, however, since it may predispose pa-
tients to bacteremias caused by resistant microorgan-
isms and to the development of resistance to the anti-
biotic (mainly by enterococci) and it increases the cost
of catheter maintenance.

New catheter hub designs

Strict aseptic manipulation of conventional Luer con-
nectors is cumbersome and expensive. Frequent, thor-
ough hand-washing is essential. For this reason, proto-
col violations during catheter manipulations are com-
mon. For patients receiving i.v. therapy at home, train-
ing becomes painstaking and lack of compliance results
in recurrent catheter infections. A solution to the prob-
lem of endoluminal contamination should be afforded
by hubs incorporating antibacterial barriers. Connec-
tors based on the piggyback concept have been shown
to reduce CRBI in cases of prolonged central venous
catheterization (31). The piggyback systems do not in-
corporate an antibacterial mechanism, however, relying
on proper disinfection of the rubber membrane before
puncturing. Brismar et al. (24) have shown that 10–20%
of piggyback side-ports punctured six times a day be-
come colonized. In addition, piggyback ports require a
locking mechanism.

A new hub model adopting the piggyback concept
and incorporating an antiseptic barrier (3% iodinated
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alcohol) has been developed in our Department of Sur-
gery. In vitro and in vivo studies (32, 33) have shown
that deliberate contamination of the male component
of the new hub does not result in endoluminal contam-
ination. In a clinical trial, 151 patients with central ve-
nous catheterization for a mean of 2 weeks were ran-
domized to receive catheters with standard Luer-lock
connectors or connectors protected with Segur-Lock
(34). The CRBI rate was higher in the control group
(16% vs 4%), and this was due to the low rate of hub-
related CRBI observed in the group fitted with the new
hub (1% vs 11%, P~0.01). Handling of junctions
equipped with this hub is simplified, since it does not
require strict asepsis, which means substantial savings
in dressing time and disposable materials.

Controversial issues in the prevention of CRBIs

Tunneling of catheters

Tunneling of central venous catheters per se has not
been shown to reduce CRBI rates (35, 36, 37). Timsit et
al., however, found that for the high-risk short-term in-
ternal jugular catheters, tunneling to the subclavian
skin area significantly reduced the CRBI rates (38).
What these authors did was essentially to convert an
internal jugular catheter into a subclavian one. There-
fore, rather than proving the efficacy of tunneling per
se, their data underline once more the fact that subclav-
ian catheters are the less prone to cause bacteremia ori-

ginating from the catheter exit site than internal jugular
ones.

Silver-impregnated cuffs

A silver-impregnated cuff attached to the catheter and
left below the skin insertion site has been found to re-
duce the risk of extraluminal contamination in short-
term catheters (39). Subsequent reports, however, sug-
gest that in long-term intravenous catheterizations such
catheters do not perform any better than conventional
uncuffed catheters (40, 41), either because in this set-
ting endoluminal contamination is more common (42)
or because the anti-infective activity of the silver-im-
pregnated collagen cuff is short lived or both.

In conclusion, CRBI is a preventable disease, and
evidence-based protocols for intravascular catheter
care should therefore be established in all institutions.
These should take into account the two most common
routes through which intravascular devices become
contaminated: the skin at the catheter exit site and the
hub. Failure to do this will inevitably lead to insuffi-
cient prevention. Accordingly, preventive strategies
should aim at achieving consistent and permanent anti-
septic barriers during catheter insertion, site mainte-
nance and hub handling. Since aseptic techniques for
catheter manipulation are time consuming and expen-
sive and require trained personnel, who are not always
available, new technologies should aim at making in-
travascular devices more resistant to bacterial and fun-
gal colonization.

References

1. Vallés J, León C, Alvarez-Lerma F
(1997) Nosocomial bacteremia in crit-
ically ill patients: a multicenter study
evaluating epidemiology and progno-
sis. Clin Infect Dis 24 :387–395

2. Raad I, Darouiche R (1996) Preven-
tion of infections associated with in-
travascular devices. Curr Opin Crit
Care 2 :361–365

3. Arnow PM, Quimosing EM, Beach M
(1993) Consequences of intravascular
catheter sepsis. Clin Infect Dis
16 :778–784

4. Rello J, Jubert P, Esandi E, Vallés J
(1997) Specific problems of arterial,
Swan-Ganz, and hemodialysis cathet-
ers. Nutrition 13 (Suppl) :36S–41S

5. Widmer A (1993) I.V.-related infec-
tions. In: Wenzel RP (ed) Prevention
and control of nosocomial infections.
Williams and Wilkins, Baltimore, pp
556–579

6. Cooper GL, Schiller AL, Hopkins
CC (1988) Possible role of capillary
action in pathogenesis of experimen-
tal catheter-associated dermal tunnel
infections. J Clin Microbiol 26 :8–12

7. Maki DG (1992) Infections due to in-
fusion therapy. In: Bennet JV, Brach-
man PS (eds) Hospital infections. Lit-
tle, Brown, Boston, pp 849–898

8. Moro ML, Franco E, Cozzi A (1994)
The central venous catheter-related
infections study group. Risk factors
for central venous catheter-related in-
fections in surgical and intensive care
patients. Infect Control Hosp Epi-
demiol 15 :253–264

9. Sitges-Serra A, Liñares J (1983) Bac-
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