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Central venous catheters (CVCs) play an essential role in patient care, both in the
inpatient and outpatient setting. CVCs can be used to measure central venous pres-
sure, deliver parenteral nutrition, and administer medications that cannot be given
safely by a peripheral catheter. The use of CVCs carries a risk of the development
of catheter-related bloodstream infection (CR-BSI), however, which can be associated
with significant morbidity and mortality. Although a subset of CR-BSIs have historically
been believed to be preventable, recent evidence suggests that most, if not all, epi-
sodes of CR-BSI are actually preventable. This has recently resulted in CR-BSI being
listed as a ‘‘never’’ complication by the Centers for Medicare and Medicaid Services.1

Based on this designation, hospitals will no longer receive payment when Medicare
patients develop CR-BSI, and it is expected that many private insurers also will rapidly
adopt this policy. Between its designation as a ‘‘never’’ complication by the federal
government and the institution of mandatory public reporting for CR-BSI rates by
many states, this complication is rapidly developing a markedly increased public
profile.
EPIDEMIOLOGYAND RISK FACTORS

The number of CR-BSIs has been estimated to be 250,000 per year.2 CR-BSIs have
recently been demonstrated to increase length of stay in the ICU by an average of
2.4 days and increase total hospital length of stay by 7.5 days.3 Its effect on mortality
is more controversial. Unadjusted mortality rates have ranged from 16% to 25%; how-
ever, this is complicated by the fact that patients with CVCs are likely to be sicker than
a typical hospitalized patient.4 Recent studies examining adjusted mortality that con-
trol for confounders have demonstrated mortality rates ranging from 0% to 17%, with
a Surgical Critical Care, Barnes-Jewish Hospital/Washington University School of Medicine,
St. Louis, MO, USA
b Department of Surgery, Washington University School of Medicine, 660 South Euclid Avenue,
Campus Box 8109, St. Louis, MO 63110, USA
* Corresponding author.
E-mail address: coopersmithc@wustl.edu (C.M. Coopersmith).

Surg Clin N Am 89 (2009) 463–474
doi:10.1016/j.suc.2008.09.003 surgical.theclinics.com
0039-6109/08/$ – see front matter ª 2009 Elsevier Inc. All rights reserved.

mailto:coopersmithc@wustl.edu


Goede & Coopersmith464
rates in hospitalized patients noted to be as high as 23%.5,6 The precise economic
cost of a CR-BSI can be difficult to quantify, in light of the fact that patients with
CVCs tend to have multiple coexisting medical problems. Estimates have varied
greater than 10-fold in studies that have been published over the past decade, ranging
from $4888 to $56,167,7,8 although most studies have come up with estimates in the
middle of this range.

Risk factors for CR-BSI include length of CVC duration; patient location (outpatient,
inpatient floor, ICU); type of catheter; number of lumens; number of manipulations per
day; emergent placement; use of catheter for parenteral nutrition; presence of needle-
less connectors (this increases risk); and whether or not best care practices are
followed. CVCs in an ICU setting have a higher infection rate than those in the hospital
ward or outpatient setting. According to the 2006 National Healthcare Safety Network
report, medical and surgical wards had an incidence rate of 1.5 CR-BSI per 1000
catheter days compared with 2.4 per 1000 catheter days for medical and surgical
ICUs.9 The risk of infection also varies depending on type of ICU. Cardiothoracic
ICUs have the lowest incidence at 1.6 per 1000 catheter days and burn ICUs have
the highest rate of 6.8 per 1000 catheter days.9 This difference in CR-BSI rates
between different types of ICUs may be explained by differing disease processes,
severity of illness, and potentially duration of CVC placement. Of note, with continued
close scrutiny paid to CR-BSI rates, the incidence of this complication has decreased
nearly twofold in under a decade.9,10

Nontunneled catheters are the most commonly inserted CVCs. Because of their
prevalence and lack of an infection-suppressing cuff or tunnel, they have historically
accounted for approximately 90% of CR-BSIs.11 Several randomized trials have
demonstrated that the risk of infection increases with the number of lumens in the
catheter.12 Except in specific clinical situations (ie, long-term parenteral nutrition),
however, it may be difficult to predict the number of lumens that are needed,
especially in critically ill patients. Because changing a catheter over a guidewire has
significant implications for the sterility of the new catheter, most practitioners use
multilumen catheters in the inpatient setting.

PREVENTION

Because of recent regulations suggesting that most if not all CR-BSIs are preventable,
a large portion of this article focuses on evidenced-based practices that have been
demonstrated to be effective at lowering or eliminating these infections.

Preventing CR-BSIs requires a multipronged strategy ranging from educational to
technologic interventions. Attention must also be paid to prevention before a CVC is
placed, when it is placed, and every day a catheter remains in place. Although the
strategies listed next are applicable to all CVCs, they are focused on short-term
access. It should be noted that subcutaneous cuffs and catheter tunneling are effec-
tive mechanical methods for preventing extraluminal infection, although both of these
mechanisms increase the complexity and invasiveness of the insertion and removal of
the catheter, and are not practical for temporary access.

Hand Hygiene

The first step in preventing CR-BSIs is the same as the first step in preventing infection
in the operating room: strict adherence to aseptic techniques. This begins with hand
hygiene. Although this should be obvious, many health care providers see a bedside
procedure as somehow being ‘‘different’’ than even a minor operation, and do not feel
the need to wash their hands before placing a CVC, despite the fact that the catheter
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can reasonably be expected to be in the central circulation in close proximity to the
heart for a week or more, and there is little question that lack of hand hygiene can
result in the spread of resistant infections.13 Additionally, even if the person inserting
a CVC knows that hand hygiene is appropriate, there is extensive literature to support
the fact that health care workers repeatedly fail to wash their hands or use alcohol
foam. The incidence of this failure has not changed appreciably over the past 30 years
despite repeated admonitions from hospital administrators, the lay press, and infec-
tion control specialists.14,15 Unfortunately, the literature also supports the observation
that physicians perform appropriate hand hygiene less frequently than other health
care workers, with estimates ranging from one third to one half the time. Of note,
alcohol foam is generally as effective as washing hands with soap and water, and
there is evidence that hand hygiene usage improves in physicians if alcohol foam is
readily available.16

Skin Antisepsis

Similar to the operating room, thorough skin antisepsis before a procedure is an effec-
tive route of preventing infection days later. The use of 2% chlorhexidine (but not 0.5%
chlorhexidine) has been shown to result in decreased CR-BSI compared with either
10% povidone iodine or 70% alcohol in a prospective randomized trial of 668
patients.17,18 This is also supported by a meta-analysis comparing chlorhexidine
with povidone iodine, which revealed a risk reduction of nearly 50%.19 An economic
analysis showed that even though chlorhexidine costs more on a per unit basis, the
decreased incidence of CR-BSI (with its associated morbidity and potential mortality)
leads to $113 in savings for each CVC placed.20 It should also be noted that daily
baths with 2% chlorhexidine washcloths as opposed to soap and water have been
shown to decrease the rate of CR-BSI in a two-arm crossover study of 836 patients
in a medical ICU.21

Full Barrier Precautions

When placing a CVC, the patient’s room needs to be treated similar to an operating
room. This means there should be full-sized sterile drapes on the patient and
a mask, cap, sterile gown, and gloves on the person placing the CVC (full barrier
precautions). An outpatient study of 343 patients demonstrated a sixfold decrease
in the rate of CR-BSI when full barrier precautions were used as opposed to when
sterile gloves and a small drape alone were used.22 Additionally, a twofold decrease
in CR-BSI rates was demonstrated in ICU patients undergoing pulmonary artery
catheterization who had full barrier precautions compared with those with less strin-
gent precautions.23 An economic analysis also showed that even though full barrier
precautions cost approximately $40 per CVC insertion, the decreased incidence of
CR-BSI leads to $252 savings for each CVC placed.24

Anatomic Site of Insertion

In general, the subclavian vein is preferred to either the internal jugular or femoral vein
for CVC insertion. Although this is not based on prospective, randomized trials,
most studies examining this issue have demonstrated a twofold to threefold increase
in CR-BSI when either of the latter approaches is used. This has led expert opinion to
support placement of CVCs in the subclavian vein,2 although the person performing
the insertion should have appropriate expertise because of the increased risk of
a pneumothorax when using this insertion site. Potential reasons to use a site other
than the subclavian vein include significant coagulopathy, obvious site infection, inac-
cessibility, or a need for chronic dialysis, because subclavian stenosis and thrombosis
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may preclude subsequent use of this site. It should be noted that there is a greater
than 10-fold increase in thrombotic complications when using the femoral vein to
place a CVC,25 and this site should generally only be used in life-threatening emergen-
cies or when vascular access above the diaphragm is not technically feasible. The role
of peripherally inserted central catheters (PICC) is unclear. Some studies have demon-
strated that PICC lines may decrease CR-BSI. Some experts, however, believe that
infection rates are similar between PICC lines and CVCs placed in the subclavian
vein, but less attention may be placed to infection risks in PICC lines, leading to
catheters being left in place (with resultant infection risk) longer than might a CVC.

Catheter Care After Insertion

A study comparing changing gauze dressings every other day to transparent dress-
ings changed every 5 days demonstrated no difference in CR-BSI rate in pulmonary
artery catheters.26 Either strategy is equally acceptable, although if bleeding occurs,
gauze dressings are preferred (and grossly soiled dressings should be changed
immediately). Sustained-release chlorhexidine dressings have not been demonstrated
to decrease CR-BSI rates but have been associated with a nearly twofold decrease in
exit site colonization in a recent meta-analysis,27 so their usefulness is currently un-
clear. Catheter care teams have been demonstrated to decrease infection rates in
multiple trials, including one randomized trial,28 although not all studies support this
finding.29 A recent meta-analysis demonstrates that administration sets do not need
to be changed more frequently than every 96 hours, although administration sets
containing blood or lipids need to be changed every 24 hours.30 There is no role for
antibiotic flush solution in routine adult CVCs. Vancomycin lock solution has been
demonstrated to have use in highly selected groups including high-risk neonates
with PICC lines and oncology patients with long-term tunneled catheters.31,32 A recent
meta-analysis suggests that antibiotic lock solutions may also prevent CR-BSI in
hemodialysis catheters.33 There is no benefit to prophylactic antibiotics in preventing
CR-BSI in adults, and they should not be used. A recent meta-analysis of prophylactic
antibiotics in neonates demonstrated reduced rates of documented or suspected
bacteremia.34 This was not associated with improved mortality, however, and
because of this and concerns about selection of resistant organisms and lack of
data on long-term neurodevelopmental outcome, the use of prophylactic antibiotics
in neonates is not currently recommended.34

Educational Programs

Multiple studies have shown a significant reduction of CR-BSI when an educational
program is initiated.35,36 Successful educational programs stressing ‘‘best practice’’
can be targeted at either those placing CVCs or those responsible for maintaining
them.

Comprehensive Prevention Programs

Comprehensive prevention programs have also been demonstrated to dramatically
decrease CR-BSI rates.37,38 These programs include an educational component but
also stress specific bedside patterns that may reduce infections. One key component
of this is asking whether a CVC is needed on a daily basis. Because the incidence of
CR-BSI is proportional to line age, CVCs should be removed as soon as practicable.
Although the logic behind this recommendation is clear, it requires a system to ensure
that the health care team specifically assesses the need for a CVC each day. Of note,
although CVCs should be removed as soon as possible, there is no benefit to routine
replacement of CVCs, because studies examining scheduled replacement of
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catheters every 3 to 7 days have not been associated with a decrease in CR-BSI
rates.39,40 There is also no benefit to routine guidewire exchange of CVCs.41

Another important component of a comprehensive prevention program is empow-
ering the bedside nurse to stop a CVC insertion if breaks in sterile technique are
identified. Although it is understood that a scrub nurse is empowered to identify breaks
in sterile technique in the operating room, the concept of a bedside nurse doing the
equivalent is a cultural change for many institutions. Many experts believe, however,
that this is one of the most important components of a prevention program because
policies regarding antisepsis are only as good as their implementation.

A multifaceted prevention program from Johns Hopkins University was described in
2004 that virtually eliminated CR-BSI in the ICU.37 The elements of this prevention
program included (1) an educational program, (2) asking health care workers daily
about the continued need for a CVC, (3) empowering the bedside nurse to stop
a CVC insertion if guidelines were not followed correctly, (4) having a CVC insertion
cart to ensure all elements of insertion were kept in one common location, and (5)
a CVC checklist performed by the bedside nurse. This study decreased the rate of
CR-BSI to 0.54 per 1000 catheter days over the course of 16 months.

Pronovost and colleagues38 then demonstrated that this program could be
successful on a large scale. A total of 103 ICUs in Michigan used a modified prevention
program that included hand hygiene, full barrier precautions, 2% chlorhexidine as
a skin preparation, avoidance of femoral catheters, and removing unnecessary
CVCs. The program decreased CR-BSI rates statewide from 7.7 per 1000 catheter
days to 1.4 per 1000 catheter days over the course of 18 months. Importantly,
although the program was aimed at ICUs, it was not directed toward a specific ICU
or hospital type, and included academic and community hospitals of all sizes with
all types of ICUs.

Antiseptic- or Antibiotic-Coated Catheters

No area of infection control for the prevention of CR-BSIs has been the subject of as
much study or seems to evoke as much passion as the use of antiseptic- or antimicro-
bial-impregnated catheters. There are currently two commonly used types of
catheters: chlorhexidine–silver sulfadiazine (antiseptic impregnated) and minocy-
cline-rifampin (antibiotic impregnated). There have been over 20 randomized,
prospective trials evaluating the benefits of these catheters,42 and a recent meta-anal-
ysis suggests that they are effective in preventing CR-BSIs.43 Most of these studies
demonstrate either decreased CR-BSI rates or decreased catheter colonization,
and there is no evidence that these catheters increase the selection of resistant
organisms. An economic analysis also showed that even though impregnated
catheters cost more than uncoated CVCs, the decreased incidence of CR-BSI leads
to $196 savings for each CVC placed.44

When to use these catheters is less clear. The Centers for Disease Control and Pre-
vention recommends using an impregnated catheter when (1) a CVC is expected to be
in place greater than 5 days; (2) the institution has a comprehensive strategy to prevent
CR-BSIs in place, which includes full barrier precaution, 2% chlorhexidine prepara-
tion, and an educational program aimed at preventing infections; and (3) CR-BSIs
are higher than goal rates set by an institution ‘‘based upon bench mark rates.’’2

Although this sounds simple in theory, it is frequently not clear in advance whether
a CVC needs to be in place for greater than 5 days. Similarly, it is not clear what the
goal rate for CR-BSI should be in light of the fact that the federal government has
indicated this is a ‘‘never’’ complication, suggesting it is preventable 100% of the
time. National Healthcare Safety Network data indicate, however, that even though
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rates are decreasing, CR-BSI still occurs in most hospitals in the country. Additionally,
the usefulness of impregnated catheters in an ICU whose CR-BSI rates are below the
national average but are not zero is currently unclear.45

What type of catheter to use is also unclear. A meta-analysis of 11 studies comparing
chlorhexidine–silver sulfadiazine CVCs with uncoated catheters demonstrates an odds
ratio of 0.56 favoring the antiseptic-coated catheters.46 A single prospective
randomized trial comparing antiseptic-impregnated catheters with minocycline-rifam-
pin–impregnated catheters demonstrated a marked reduction in CR-BSI in the latter
(0.3% for the minocycline-rifampin catheters versus 3.4% for the chlorhexidine–silver
sulfadiazine catheters).47 It should be noted, however, that this study used a first-gener-
ation chlorhexidine–silver sulfadiazine catheter, and a newer version with both internal
and external coating is now available. An additional type of catheter coated with silver-
platinum-carbon has also recently been described. Its benefit versus uncoated catheters
has not been clearly documented,48 however, and it has been demonstrated to be asso-
ciated with increased catheter colonization compared with minocycline-rifampin cathe-
ters,49 so its use cannot be recommended at the current time.
DIAGNOSIS

The diagnosis of CR-BSI can be challenging. Physical examination is typically unre-
vealing, and the diagnosis generally relies on culture data. Positive culture data may
be difficult to interpret, however, because clinicians must make the distinction be-
tween CR-BSI and catheter colonization. Further, distinctions must be made between
CR-BSI and secondary bacteremia, with bloodstream infection resulting from a source
other than a CVC (pneumonia, intra-abdominal infection, and so forth).

The first component necessary to the diagnosis of CR-BSI is clinical suspicion. The
typical clinical sign that initiates a work-up for CR-BSI is a new fever, not obviously re-
lated to a distant infection. Although fever is the most sensitive sign of CR-BSI, it does
not have appropriate specificity to make the diagnosis. As in any patient with sus-
pected infection, a history and physical examination should always be performed.
The history is generally unrevealing, however, except for the presence or absence
of risk factors outlined previously, although it certainly may give clues as to whether
another possible source of fever needs to be considered.

Physical examination is also generally unrevealing. Occasionally, it can reveal
erythema, induration, or purulence from either the exit site or along the course of
the catheter. Although these signs are highly suggestive of a CR-BSI, they are rarely
present, however, and the absence of findings on physical examination does not
lessen clinical suspicion for the presence of infection. Rarely, a patient with CR-BSI
develops endocarditis. In patients with infection and a new murmur on physical exam-
ination or a prosthetic heart valve, serial blood cultures should be obtained. If these are
positive, this strongly suggests the presence of endocarditis, necessitating a longer
course of antibiotic treatment. This should be investigated using an echocardiogram.
Although a transthoracic echocardiogram is technically easier, a study of 103 patients
with Staphylococcus aureus bacteremia (both CR-BSI and non–catheter-related)
demonstrated only a 32% sensitivity for transthoracic echocardiogram and 100%
sensitivity for transesophageal echocardiogram.50

There is no gold standard for how to use blood cultures to assess for CR-BSI. The
authors’ ICU performs two simultaneous peripheral blood cultures. Another method is
to send a simultaneous peripheral blood culture with one drawn through the CVC. A
quantitative colony count that is 5- to 10-fold higher in the culture drawn through
the CVC is predictive of CR-BSI in tunneled catheters.51 This method has lower
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sensitivity, however, in nontunneled short-term CVCs. If paired cultures are drawn, it is
likely that a CR-BSI is present if the catheter culture becomes positive greater than 2
hours before the peripheral culture. The ‘‘time to positivity’’ method has been demon-
strated to be 81% sensitive and 92% specific for the diagnosis of CR-BSI.52 The latter
two techniques, however, put an additional burden on an institution’s microbiology
laboratory (quantitative cultures and time of positive culture, respectively) that many
are unable to meet. When removing a CVC, some institutions send the catheter tip
for quantitative culture. Two techniques for doing so include the sonication method
and roll-plating. Of these, sonication better evaluates intra-luminal and extraluminal
colonization, whereas roll-plating mostly evaluates extraluminal infection. It should
be emphasized that neither a positive catheter tip culture nor a single positive blood
culture drawn through a CVC is indicative of CR-BSI. Rather, these are consistent
with catheter colonization, which is not equivalent to bacteremia and does not have
the same treatment implications. It is this confusion between catheter colonization
and infection that is the rationale for why the authors’ ICU does not send either cath-
eter tips or cultures drawn through a CVC. It should be noted that if a patient deferves-
cences after a CVC is removed, this is indirect evidence that a catheter infection may
have been present even if peripheral blood cultures are negative.

MICROBIOLOGY

CR-BSIs predominantly come from microorganisms that colonize either catheter hubs
or the skin surrounding the insertion site.53 Extraluminal colonization occurs from
migration of organisms from the skin along the subcutaneous tract. Intraluminal colo-
nization occurs from contamination by injection ports or hubs.

There are several microorganisms that cause CR-BSI. The most common are coag-
ulase-negative staphylococci and S aureus, gram-negative bacilli, and Candida albi-
cans.54 The microbiology of CR-BSI is important not only for determining
appropriate antibiotic therapy but also in the ultimate outcome from the disease.
For instance, S aureus bacteremia has been demonstrated to have a mortality rate
of 8.2%, whereas mortality from coagulase-negative staphylococci is greater than
10-fold lower (0.7%).54 A special concern with S aureus is associated venous throm-
bosis. A recent study demonstrated that a total of 71% of patients with S aureus
bacteremia from internal jugular, brachial, or subclavian veins had thrombosis on
ultrasonography.55 Importantly, death or recurrent bacteremia occurred in 32% of
these patients. As such, patients with CR-BSI from S aureus should undergo ultraso-
nography even if physical examination is normal.

TREATMENT

The primary treatment of a CR-BSI is to remove the infected catheter. Although
adjunctive antibiotic therapy is important, catheter removal represents source control,
and there are very few instances (detailed next) where an infected catheter can be left
in situ. In the case of nontunneled CVCs, catheter removal is easily accomplished after
establishing appropriate access elsewhere. It should be realized that in patients who
have a febrile illness in which their CVC is removed for presumed CR-BSI, most have
sterile cultures.56

Although rare, there are times when the treating physician can consider leaving an
infected CVC in place. Patients with coagulase-negative staphylococci may be
candidates for catheter salvage if (1) they do not have persistent bacteremia, (2)
they do not have evidence of tunnel infection, and (3) they do not have evidence of
metastatic complications or severe sepsis.54 There is evidence to suggest that
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patients recover faster with a higher cure rate if the CVC is removed, however, rather
than attempting to salvage the catheter. In patients with tunneled catheters that are
risky to remove or replace, antibiotic lock therapy may be used by filling the CVC
with a solution containing concentrated antibiotics for a number of hours. Higher an-
tibiotic concentrations must be used because of biofilm formation in these infections.
Antibiotic lock solution for tunneled catheters has been demonstrated to result in
a catheter salvage rate of 83%, which compares favorably with a salvage rate of
67% in patients treated without this therapy.54

As in other suspected infections, broad-spectrum antibiotics should be initiated
when CR-BSI is suspected on clinical grounds. Antibiotics should be started before
culture and sensitivity results are obtained, because waiting until these are known
leaves the patient without antimicrobial therapy and likely increases their mortality if
the patient is bacteremic. Once culture and sensitivity results are known, antimicrobial
therapy should be narrowed as much as practicable effectively to treat only the caus-
ative organism. Generally, a single antimicrobial agent suffices but double coverage
can be considered in Pseudomonas aeruginosa infections, in neutropenic patients,
or in patients with S aureus bacteremia when the catheter cannot be safely
removed.54,57

There is little level I evidence on length of treatment for CR-BSI, so recommenda-
tions are generally based on expert opinion and nonrandomized trials. In general, un-
complicated bacterial or fungal CR-BSIs should be treated for a 10- to 14-day
course. Infections with coagulase-negative staphylococci can be treated for 5 to 7
days. Complicated infections with tunneled catheters that cannot be safely removed
should be treated for at least 2 to 4 weeks. Patients with endocarditis require at least
6 weeks of therapy. Once a CVC has been removed and therapy initiated, it is appro-
priate to check follow-up blood cultures to verify the infection is being cleared.
Patients with persistent fever, signs of sepsis, or risk factors for distant cardiac
infection should have serial blood cultures drawn until these are negative. Patients
who do not respond to antibiotic therapy after the suspected catheter has been
removed for 3 days need to be evaluated further for possible other sources of infec-
tion including the possibility of secondary infections, such as endocarditis, septic
thrombophlebitis, or osteomyelitis. Consultation with an infectious disease specialist
may also be indicated. It should be noted that in addition to increased risk of throm-
botic complications, S aureus infections also have an increased incidence of other
secondary infections.

SUMMARY

CR-BSIs are a common complication of central venous catheterization, resulting in
substantial morbidity. A large percentage of them are preventable, leading the Centers
for Medicare and Medicaid Services recently to define this as a ‘‘never’’ complication.
CR-BSIs can be prevented by use of appropriate hand hygiene, 2% chlorhexidine as
a skin preparation, full barrier precautions, avoidance of femoral catheters, empower-
ing the bedside nurse to halt a CVC insertion if sterile technique is not followed,
removing unneeded catheters as soon as possible, and comprehensive educational
programs. If all of these are unsuccessful, antiseptic- or antibiotic-impregnated cath-
eters are an effective tool to prevent infections. The diagnosis of CR-BSI is made
largely based on culture results, and broad-spectrum antibiotics should be initiated
as soon as an infection is suspected. Antimicrobial therapy can subsequently be nar-
rowed once the causative organism is known. Except in rare circumstances, patients
with CR-BSI need to have their infected CVC removed.
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