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KEY POINTS

� Catheter-related bloodstream infections (CRBSI) are responsible for substantial
morbidity, mortality, and excess cost; many CRBSI are preventable using current knowl-
edge and prevention techniques.

� Evidence-based, clinical practice–oriented strategies to prevent CRBSI include appro-
priate education, training, and staffing levels for providers; insertion of central venous
catheters (CVC) using full sterile barriers, skin disinfection with chlorhexidine; avoidance
of the femoral insertion site; use of a checklist; and combining interventions together in
a bundle.

� After insertion, care of patients with CVCs should include maintenance of the dressing;
scrub-the-hub aseptic technique when accessing the CVC; skin antisepsis with chlorhex-
idine; and removal of the CVC as soon as practical.

� Technologic innovations proven to reduce CRBSI include antiseptic/antimicrobial-coated
CVCs; chlorhexidine-impregnated sponge or gel pad dressings; chlorhexidine patient
bathing; passive disinfection of catheter hubs/connectors; and antimicrobial/antiseptic
catheter locks.
INTRODUCTION AND CLINICAL SIGNIFICANCE

Reliable access to the vascular system is a necessity for the practice of medicine and
enables the delivery of medications and fluids, ready sampling of the blood for diag-
nostic testing, and monitoring of a patient’s clinical status. Unfortunately, vascular
catheter-related infection is an all-too-common event that results in substantial
morbidity, mortality, and excess cost. The Centers for Disease Control and Infection
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(CDC) estimates that approximately 72,000 central line–associated bloodstream in-
fections (CLABSI) occur annually in the United States in intensive care units and dial-
ysis units1 and that these infections result in an attributable mortality of 12%, an extra
7 days of hospitalization per case, and excess costs of $45,000 per episode.2,3

In this monograph, an evidence-based approach to the prevention of vascular cath-
eter infections is summarized. Both practice-based and technology-based prevention
strategies are covered. Although central venous catheters (CVCs) are emphasized,
considerations regarding arterial catheters, hemodialysis catheters, and peripheral
intravascular catheters (PIVCs) also are included. In recent years, several comprehen-
sive evidence-based guidelines regarding prevention of catheter-related bloodstream
infection (CRBSI) have been published,4–7 and it is not the intent to duplicate these
guidelines here. Instead, the most critical issues are consolidated and summarized.

DEFINITIONS AND SURVEILLANCE

Unfortunately, the terms “central line–associated bloodstream infection” (CLABSI) and
“catheter-related bloodstream infections” (CRBSI) are often used interchangeably.
However, they have distinct meanings, with CRBSI being a clinical term that requires
specific laboratory testing (catheter tip culture, quantitative blood cultures, or differen-
tial time-to-positivity testing from blood obtained from the implicated catheter and pe-
ripheral blood) in a patient who is bacteremic/fungemic to establish the source of
infection, versus CLABSI, which is a surveillance term that is by design relatively sen-
sitive but not as highly specific.
In recent years, great strides have been made in understanding the pathogenesis of

CRBSI, as well as the implementation of effective preventive interventions. There is a
growing realization that many, if not most, episodes of CRBSI can be prevented. The
increasing expectation for prevention and the large additional costs associated with
health care–associated infections has captured the attention of governmental
agencies and third party payers. Hospitals have come under intense scrutiny and a va-
riety of measures have been implemented to encourage prevention of CRBSI, such as
mandatory public reporting and economic penalties. However, the CDC NHSN defini-
tion of CLABSI was intended as a surveillance tool to drive performance improvement.
The CLABSI definition overestimates the true incidence of infection, lacks specificity,
and, despite recent improvements, remains somewhat subjective (in assigning the
source of infection).8–10 Further undermining the validity of the surveillance data,
most institutions acknowledge use of an adjudication approach in defining CLABSI.11

Clearly, modifications can be made in the surveillance definition to improve specificity
and risk-stratify data. A robust data validation program should be in place to ensure
accurate reporting and to discourage systematic underreporting. Surveillance sys-
tems should be expanded into non–acute care settings (eg, infusion centers, home
care, long-term care)12 and should include other intravascular catheters (arterial cath-
eters, midline catheters, and PIVC).

PATHOGENESIS

Fig. 1 illustrates the 4 routes by which microbes gain access to a vascular catheter.
For short-term, nontunneled catheters, the primary route of inoculation and infection
is via the dermal surface: microbes that are resident on the skin colonize the catheter
at the interface between the skin and the catheter. For tunneled catheters, and the
longer a temporary nontunneled catheter remains in place, the hub and luminal sur-
face become increasingly implicated as the major route of colonization and infection.
Rarely do catheters become infected via hematogenous seeding and, with



Fig. 1. Pathogenesis and routes of inoculation for catheter-related infection. Microbes gain
access to the catheter by the following routes: contamination of the catheter hub, contam-
ination of the infusate, transcutaneous migration, or hematogenous seeding. (From Rupp
ME. Infections of intravascular catheters. In: Crossley KB, Archer GL, editors. The Staphylo-
cocci in Human Disease. New York: Churchill Livingstone; 1997. p. 381.)
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appropriate manufacturing quality controls in place, rarely are catheters infected by
the infusion of contaminated fluids. Once microbes gain access to the catheter,
they quickly adhere to the surface, proliferate, aggregate, and form a biofilm
(Fig. 2). Vascular catheter biofilms are subjected to a variety of local environmental
Fig. 2. Biofilm formation on an experimentally infected intravascular catheter 24 hours after
inoculation with coagulase-negative staphylococci. (Reproduced from Rupp ME, Archer GL.
Coagulase-negative staphylococci: pathogens associated with medical progress. Clin Infect
Dis 1994:19:231–45.)
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conditions (eg, oxygen and nutrient rich at the bloodstream interface, acidic and
anaerobic at the catheter surface) and contain cells with a variety of growth and meta-
bolic characteristics (eg, actively growing cells vs metabolically quiescent persister
cells or small colony variants). Vascular catheters involved with a mature biofilm-
associated infection are very difficult to treat successfully with the catheter in situ,
and most infected catheters are removed to better ensure cure. Therefore, it is
most advantageous to prevent infection in the first place rather than trying to salvage
an infected catheter later.
Prevention of Vascular Catheter-Related Infection

Methods to prevent vascular catheter infections can be broadly grouped into 2 major
categories: clinical practice–based interventions and technologic innovations
(Table 1).

Clinical practice–based interventions
Peri-insertion precautions

Appropriate staffing Several outbreak investigations and studies have linked
staffing levels to CRBSI.13–16 Most of these observations have occurred in the crit-
ical care setting. It appears that when staffing levels fall below a critical threshold,
various adverse events, including CRBSI, occur more frequently. When the number
of appropriately trained individuals is not sufficient to care for the number of pa-
tients in a particular setting, it is likely that infection-prevention practices and intra-
vascular catheter care tasks are neglected, resulting in increased CRBSI. However,
because patient acuity varies from unit-to-unit and from day-to-day, it is difficult to
stipulate, from an infection-prevention viewpoint, minimal staffing requirements
beyond a general statement that the staffing levels should be adequate to care
for patient needs. To better balance patient care demands and nurse staffing levels,
many institutions use various risk assessment profiles and patient classification sys-
tems.17 Similarly, implementation of physician staffing standards has resulted in
decreased CRBSI.18
Table 1
Evidence-based interventions to prevent catheter-related bloodstream infections

Practice Interventions (Human Behavior–
Oriented Interventions)

Technologic Innovations (New Devices and
Technology)

Peri-catheter insertion
Appropriate staffing
Education and training; infusion team
Use of maximal sterile barriers
Insertion site selection
Cutaneous antisepsis with chlorhexidine
Use of insertion checklist
Bundle approach

Antimicrobial catheter coatings (silver-
sulfadiazine/chlorhexidine or minocycline/
rifampin)

Chlorhexidine-impregnated dressings
(sponge dressing or gelpad dressing)

Passive port protectors
Silver-impregnated connectors
Sutureless catheter securement
Antimicrobial catheter locks

Post catheter insertion
“Scrub-the-hub”: disinfection of hubs and

needleless connectors
Chlorhexidine patient bathing
Removal of unneeded catheters
Catheter dressing maintenance
Bundle approach

Hemodialysis catheters
Antimicrobial ointment applied to the exit

site
Tissue plasminogen activating factor

weekly
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Education and training All health care providers who insert vascular catheters,
make use of the catheter, or provide catheter maintenance and care, should partici-
pate in education designed to instruct personnel regarding CVC need, catheter and
site selection, proper insertion procedures, and catheter care and maintenance.19–21

Personnel should demonstrate competency, and those performing insertion proced-
ures should undergo a credentialing process before performing CVC insertion. Peri-
odic “refresher” education should be conducted and re-education should be
performed whenever new products or amended procedures are introduced. Educa-
tional programs that have been linked to decreases in CRBSI have taken various
guises: from simple, self-paced, written modules to more sophisticated technology-
enhanced curricula. Increasingly, simulation-based training is being used to educate
providers and document competency.22 Health care providers have varying prefer-
ences for optimal learning and multiple teaching strategies should be considered
(eg, self-directed, small group, instructor-led) as well as multiple delivery methods
tailored to individual needs. There is also growing recognition that the patient and fam-
ily should be included in educational efforts to prevent CRBSI, particularly if they are to
provide CVC care in the home care or ambulatory setting.5,12

Some institutions have implemented vascular access teams made up of individuals
with specialized training and knowledge to insert PIVCs as well as manage the inser-
tion, maintenance, and removal of some types of CVCs.7,23,24 The team approach has
been associated with more efficient vessel cannulation and decreased rates of infec-
tious complications, occlusion, accidental PIVC removal, and local site adverse events
(infiltration, phlebitis).7,23,24 In addition, infusion teams can serve as a resource in prod-
uct evaluation and implementation of standardized practice.7

Maximal sterile barrier precautions Maximal sterile barrier precautions (sterile
gloves, sterile long-sleeved gown, cap, mask, sterile head-to-toe patient drape)
should be used in the insertion or guide wire exchange of CVCs.25–27 However, it
should be noted that the relative value of the components of the barrier precautions
is undefined and not all studies have demonstrated the benefit of sterile barrier pre-
cautions.28 In addition, the use of maximal sterile barrier precautions for the insertion
of arterial catheters has not been proven beneficial.29

Insertion site In general, the subclavian site is less prone to infectious complica-
tions than the internal jugular or femoral sites.30,31 The femoral site may be particularly
more prone to colonization and infection in obese patients.32 Due to the ease of place-
ment with the use of ultrasound guidance, the internal jugular is the preferred site of
insertion for many clinicians.33 Ultimately, site selection should be individualized
and is determined by experience of the catheter inserter, risk of complication (me-
chanical/infectious/thrombotic), anticipated duration of catheterization, potential
need for renal replacement therapy, and other patient factors.34

Cutaneous antisepsis In patients without chlorhexidine allergy, the skin should be
disinfected with an alcoholic chlorhexidine solution containing more than 0.5% chlor-
hexidine and allowed to dry before catheter insertion.35,36 Although there is concern
for absorption across the skin of very low birth weight neonates and potential neuro-
toxicity as well as contact dermatitis, clinicians in many neonatal intensive care units
have formulated protocols for the use of chlorhexidine in some groups of premature
infants.37–40

Checklist A process to ensure adherence to appropriate insertion procedures
should be in place. Many institutions have used a bedside checklist to remind
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providers of appropriate procedures and to document adherence.41,42 A person other
than the inserter should be responsible for completing the checklist and the observer
should be empowered to halt the catheter insertion procedure if lapses in aseptic
technique are observed.

Bundle In many institutions, a variety of interventions are combined to create a pre-
vention “bundle.” The bundle usually concentrates on insertion practices and includes
use of an all-inclusive catheter cart or insertion kit, hand hygiene before catheter
placement, avoidance of the femoral site, use of maximal sterile barriers, use of alco-
holic chlorhexidine for skin disinfection, and removal of unnecessary CVCs as soon as
practical. A large and growing body of evidence supports this approach as effective in
prevention of CRBSI, sustainable, cost-effective, and lifesaving.43–46 The relative
importance of the components of the bundle are not defined, and in general, this
approach is most effective when used in the institutional milieu of a robust patient-
safety culture.

Postinsertion precautions As previously related, it is important for patients to be cared
for by providers who are adequately trained in appropriately staffed units.

Disinfection of catheter hubs and needleless connectors Before accessing catheter
hubs, needleless connectors, or injection ports, they should be disinfected with an
appropriate antiseptic (70% alcohol, alcoholic chlorhexidine, povidone iodine) for an
adequate period of time and allowed to dry. The amount of time the hub should be
scrubbed is dependent on the degree of contamination and the hub/connector design,
and in general, is undefined for most connectors.47 Monitoring compliance with hub
disinfection practices is difficult and subject to the Hawthorne effect. Therefore,
some institutions have adopted passive port protectors, which are discussed in
greater detail later in this monograph. Some connectors have been associated with
outbreaks of bloodstream infection48,49 and the introduction of a new connector
into an institution should be preceded by health care provider education and a plan
to closely monitor catheter-related adverse events postintroduction. The optimal
design for catheter connectors is not defined, but they should be easy to use, readily
cleaned and disinfected (ie, smooth interface between housing and diaphragm), and
be transparent so that personnel can easily visualize the effectiveness of flushing
and exclude retained blood products, lipids, and so forth.50

Chlorhexidine patient bathing Several studies have demonstrated a significant
decrease in CLABSI associated with bathing patients with chlorhexidine.51–55 These
studies, which were primarily performed in intensive care unit settings, showed addi-
tional benefit in preventing the transmission of multidrug-resistant organisms, such as
methicillin-resistant Staphylococcus aureus and VRE. However, as is true with most
infection-prevention efforts, not all studies have shown a beneficial effect.56,57 In addi-
tion, there is concern that widespread use of chlorhexidine will promote the emer-
gence of chlorhexidine resistance.

Removal of unneeded intravascular catheters and potentially contaminated central
venous catheters The need for CVCs should be assessed on at least a daily basis and
unnecessary vascular catheters should be promptly removed. Unfortunately, several
studies document that vascular catheters are often left in place after they are no longer
needed.58–60 Various types of interventions (eg, audits, reminders, multicomponent
programs) have proven successful in decreasing patient exposure to unnecessary
vascular catheters.61,62 In certain circumstances (emergent “code-blue” catheter
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insertion), CVCsmay be inserted without use of appropriate aseptic technique. In such
circumstances, the catheter should be replaced as soon as the patient’s condition al-
lows (within 24–48 hours).4 If an audit system or daily assessment checklist is not in
place, it is easy for such potentially contaminated catheters to be overlooked.

Catheter dressing integrity and administration set replacement For nontunneled
CVCs, the insertion site should be cleaned with a chlorhexidine-containing antiseptic
at the time of dressing changes, which should occur at weekly intervals for transparent
dressings and every 2 days for gauze dressings.4,7 Because dressing integrity is an
important risk factor for catheter-related infection,63 dressings should be changed
as frequently as needed if they become soiled, damp, or loosened. Routine adminis-
tration sets should be changed at intervals of 96 hours, whereas those used for blood
products or lipid administration should be changed at 24-hour intervals.4,7 Tubing
used to administer propofol should be changed every 6 to 12 hours.4

Postinsertion bundles Similar to insertion bundles, many institutions have instituted
postcatheter insertion care bundles that emphasize catheter removal, dressing integ-
rity, and “scrub-the-hub” aseptic accessing technique, and these programs have
been associated with a decrease in infectious complications.64–66

Technologic Innovations

The preceding material was directed at clinical practices that involve human behavior.
Unfortunately, “to err is human” and it can be anticipated that health care providers will
continue to have lapses in infection-prevention practices such as hand hygiene,
scrub-the-hub, dressing changes, and so forth. Therefore, a particularly attractive op-
tion may be the use of vascular access–related devices that decrease the risk of
CRBSI and do not require a change in human behavior (see Table 1). The following
discussion concerns marketed devices that have supporting evidence for benefit.

Antimicrobial-coated intravascular catheters
Intravascular catheters coated on both the external and luminal surfaces presumably
prevent infection through action at both the dermal interface and the hub/luminal route
of inoculation. A large body of evidence supports the effectiveness of certain
antimicrobial-coated catheters in the prevention of CRBSI.67–70 The anti-infective
coatings associated with the greatest amount of clinical experience and utility are
silver-sulfadiazine/chlorhexidine and minocycline/rifampin. It is suggested that antimi-
crobial or antiseptic-impregnated central venous catheters be used in patents in
whom the CVC is expected to remain in place at least 5 days when routine efforts
to prevent CRBSI have proven disappointing.4,5 These stipulations on CVC dwell
time and application of basic aseptic techniques are applicable to all technologic ap-
proaches to CRBSI prevention. Although there is some concern that antimicrobial-
coated devices will promote the emergence of resistance, available data are very
reassuring.71 Fewer data are available to support use of CVCs coated with other
agents.67,70

Chlorhexidine-impregnated dressings
Similar to antimicrobial-coated CVCs, there are substantial supporting data for the use
of chlorhexidine-impregnated dressings.72–74 Chlorhexidine dressings presumably act
by preventing organisms that are resident on the skin from gaining access to the
external/dermal surface of the catheter. Both the sponge dressing and gelpad dres-
sing appear to be very effective.73,74 Due to concerns regarding dermal intolerance,
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systemic absorption, and neurotoxicity, there is reluctance to use chlorhexidine dress-
ings in low birth weight neonates, and they are marketed for infants older than
2 months.

Passive port protectors
Unfortunately, maintaining strict adherence to aseptic technique when accessing
CVCs requires ongoing vigilance and is difficult to monitor. It appears that contamina-
tion of the catheter connector is a common event.47,75 Therefore, passive catheter port
disinfection is an increasingly used strategy to prevent CRBSI. Although data from
adequately powered, randomized controlled trials are lacking, increasing data from
quasi-experimental trials indicate that antiseptic-containing port protectors are effec-
tive in preventing CRBSI.76–79

Antiseptic-impregnated needleless connectors
Needleless connectors were developed to reduce to the use of needles in the vascular
access system and thus decrease the risk of needlestick injury. As previously
mentioned, some needleless connectors have been associated with an increased
risk of bloodstream infection. To decrease the risk of microbial colonization of the
connector, connectors impregnated with silver have been developed. Silver-
impregnated connectors appear to decrease bacterial colonization and biofilm forma-
tion80,81 and may decrease the risk of CRBSI.82

Antimicrobial/antiseptic locks
A large amount of literature supports the use of antimicrobial lock solutions to prevent
CRBSI.83–86 The antimicrobial lock technique consists of filling the lumen of a catheter
with a highly-concentrated antimicrobial solution and allowing it to dwell for a set
period of time. A wide variety of antibiotics and antiseptics, in combination with
various anticoagulants and other constituents, have been used in lock solutions.83,84

Despite the large body of supporting data, numerous questions remain regarding the
use of antimicrobial lock solutions; issues concern optimal solution, minimal required
dwell time, catheter material compatibility and potential adverse catheter effects, and
microbial resistance. In general, antimicrobial locks are being increasingly used in pa-
tients requiring long-term catheterization (ie, chronic total parenteral nutrition/short-
gut syndrome, hemodialysis) particularly in those patients with a history of CRBSI
despite maximal aseptic practices. Antimicrobial locks are also useful in the treatment
of CRBSI, but this is beyond the scope of this monograph.

Antibiotic/antiseptic ointments
A variety of topical antimicrobial ointments have been applied at the catheter exit site
to decrease microbial burden and prevent CRBSI.4 This technique has been most
carefully studied in hemodialysis patients with utility demonstrated for 10% povidone
iodine87 or bacitracin/gramicidin/polymyxin B.88–90

Catheter securement
There is concern that injury to dermal structures associated with suture securement of
CVCs results in increased microbial colonization91–94 and there is are few data to indi-
cate that sutureless securement of CVCs is associated with a decreased occurrence
of bloodstream infection.91–93 Data are lacking on whether catheter securement with
tissue adhesives has a beneficial effect on catheter-related infection.

Practices not recommended
There are several interventions that have been studied and discredited and are thus
specifically not recommended as standard practice (HICPAC, SHEA).4,5
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1. Do not administer systemic antimicrobial prophylaxis to prevent CRBSI either at the
time of CVC placement or during their use.

2. Do not routinely exchange or replace CVCs.

Other Types of Vascular Catheters

Arterial catheters
Arterial catheters are often regarded as being less likely to result in infectious compli-
cations and are generally not included in surveillance programs for CRBSI. However,
most studies on the subject conclude that arterial catheters are associated with
essentially the same risk of CRBSI as CVCs and they should be inserted and main-
tained with the same degree of attention to infection prevention.95–100 Unfortunately,
appropriate barrier precautions and aseptic technique are frequently neglected
when arterial catheters are inserted.101

Hemodialysis catheters
Patients receiving hemodialysis via an intravascular catheter are much more likely to
experience CRBSI than those undergoing hemodialysis via an arteriovenous fistula or
graft. Like other tunneled vascular catheters, tunneled hemodialysis catheters are less
prone to infection than nontunneled hemodialysis catheters. Special measures to pre-
vent hemodialysis CRBSI include application of antimicrobial ointment at the exit site
as previous related87,90 as well as administration of recombinant tissue plasminogen
activating factor weekly.102

Peripheral intravenous catheters
In many acute care hospitals, nearly all patients have a PIVC. It is estimated that
approximately 330 million PIVCs are used in the United States yearly.103 Approxi-
mately 0.1% of PIVCs (0.15 per 1000 catheter days) result in CRBSI.95 Although the
risk of infection is much less than that associated with CVCs, when the very large num-
ber of PIVCs is taken into account, it is evident that PIVCs result in a substantial burden
of infection. At present, many institutions routinely replace PIVCs every 3 to 4 days.4

However, with the growing realization that PIVCs can remain in place until a change is
clinically indicated,104,105 the dwell time of PIVCs will undoubtedly lengthen. It will be
increasingly important for institutions to standardize practice and ensure appropriate
aseptic precautions are used in the insertion and maintenance care of PIVCs.
Due to the work of countless investigators, our understanding of the pathogenesis

of CRBSI and our ability to prevent CRBSI, through both clinical practice–oriented in-
terventions and innovative technology, has greatly expanded. CRBSI prevention is a
success story with the nationwide rate of infection falling by 50% between 2008
and 2014.1 Evidence-based recommendations for prevention of CRBSI have been
summarized in several guidelines4–7; however, translating knowledge into sustained
changes in practice requires a systematic and integrated approach to address both
technical and adaptive issues.106 Briefly, successful institutional change necessitates
mobilization of multidisciplinary teams and creation of a culture of safety. Providers at
all levels must be armed with an appropriate fund of knowledge through a variety of
educational efforts; care practices should be standardized and streamlined; and per-
formance should bemeasured, widely reported, and sustained. Realistic and concrete
expectations should be articulated and resources must be made available to achieve
the stated goals. Wise stewardship of resources is desirable and efforts associated
with a diminishing return on investment should be curtailed. Accurate reporting of
CRBSI rates and data validation are a must. A balanced reliance on both outcomes
and process measures should be in place. In addition, the data should be primarily
used to encourage ongoing performance improvement, not penalties.
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Although great progress has been achieved in recent years in the prevention of
CRBSI, numerous questions remain and efforts to develop safer intravascular cathe-
ters and better ways to use them should continue.
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