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Clinical Review

Prevention of Central Line–Associated 
Bloodstream Infections 
Payal K. Patel, MD, MPH

Health care–associated infections (HAIs) are a pre-
ventable cause of morbidity and mortality in the 
United States and internationally. A Centers for 

Disease Control and Prevention (CDC) report estimates 
that in acute care hospitals, 1 in 25 patients end up with at 
least one HAI during their hospital stay [1]. HAIs can also 
be costly; in the United States, the indirect and direct cost 
has been estimated to be between $96 to $147 billion dol-
lars [2]. National initiatives to prevent these types of infec-
tions have included efforts from the Department of Health 
and Human Services (HHS), the Institute of Medicine 
(IOM), the Institute for Healthcare Improvement (IHI) and 
the Centers for Medicare and Medicaid Services (CMS). 
This work has led to particular success in preventing cen-
tral line–associated bloodstream infection (CLABSI). 

CLABSI can lead to considerable mortality, morbid-
ity, and cost. An estimated 250,000 CLABSIs occur in 
patients yearly, and about 80,000 of those are estimated 
to occur in the intensive care unit (ICU) setting [3]. Since 
central venous catheters (CVCs), or central lines, are most 
often used in the ICU setting, much of the work on pre-

vention and management of CLABSI has been within the 
ICU population [4,5]. The increased use of peripherally 
inserted central catheters (PICCs) in the non-ICU setting 
and recognition of CLABSI in non-ICU settings has led to 
new efforts to understand the best way to prevent CLAB-
SI in the non-ICU setting [4,6]. Regardless of setting, the 
annual cost of these infections has been estimated to be 
as high as $2.3 billion [7]. One episode is estimated to 
cost a hospital up to $46,485 per episode with compo-
nents of excess length of stay, antibiotic cost, and cost of 
care [8]. In this review, selected best practices in CLABSI 
prevention are identified and described.

Elements of CLABSI Prevention
One of the key papers in the CLABSI literature was the 
Keystone ICU project in Michigan [9]. This state-wide ef-
fort grew out of a successful pilot patient-safety program 
that was trialed at Johns Hopkins Medical Institutions to 
reduce CLABSI in the ICU setting. In 2003, the Agency 
for Healthcare Research and Quality (AHRQ) funded a 
study to examine the intervention in ICUs in the state of 
Michigan. A total of 108 ICUs from 67 individual hospi-
tals participated in the pre-intervention/post-intervention 
study [9]. A combination of technical and socio-adaptive 
interventions to prevent CLABSI included clinician educa-
tion on best practices in insertion of central lines, having a 
central-line cart in each ICU, an insertion checklist of best 
practices, empowering nursing staff to stop the proce-
dure if best practices were not being followed, discuss-
ing removal of catheters daily, and providing feedback to 
units regarding rates of CLABSI [10]. Executive adminis-
tration of each hospital was also involved and there were 
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ABSTRACT 

Objective: To review prevention of central line–associated 
bloodstream infection (CLABSI).

Method: Review of the literature.

Results: Evidence-based prevention practices include 
ensuring hand hygiene before the procedure, using 
maximal sterile barrier precautions, cleaning the skin 
with alcoholic chlorhexidine before central line insertion, 
avoiding the femoral site for insertion, and removing 
unneeded catheters. 

Conclusion: For continued success in CLABSI prevention, 
best practices should be followed and patient safety 
should be emphasized. 
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monthly phone calls for hospital teams to share success-
es and barriers. 

In the pre-intervention phase, the median catheter- 
related bloodstream infection rate was 2.7 infections per 
1000 catheter days for the sum of hospitals. After the in-
terventions were put in place, the median rate of catheter 
related bloodstream infections was down to 0.34 at 18 
months. The study showed that results from a relatively 
inexpensive and straightforward intervention could be 
effective and could last in the long term. This study led 
to many other single center and multicenter studies, na-
tionally and internationally, to replicate results in efforts to 
decrease CLABSI in ICU populations [5]. The CDC and 
AHRQ have continued to partner with regional, state and 
national efforts to focus on CLABSI prevention. 

The Bundle Approach
A number of interventions have been proven to be effec-
tive at preventing CLABSI. Combining more than one in-
tervention can often have additive effects. This effect has 
been recognized in numerous quality improvement stud-
ies on CLABSI and has been termed using the “bundle” 
approach. A CVC insertion bundle often uses 3 to 5 in-
terventions together. The Keystone study used a bundled 
approach and many patient safety interventions employ 
this approach to improve patient care processes [11]. The 
IHI’s “central line bundle” is shown in the Table. 

Hand Hygiene
Poor hand hygiene by health care workers is general-
ly thought to be the most common cause of HAIs [12]. 
Guidelines recommend an alcohol-based waterless 
product or antiseptic soap and water prior to catheter 

insertion [13]. The most common underlying etiology of 
CLABSI is through microorganisms introduced at time of 
insertion of catheter. This can be extraluminally mediated 
via skin flora of the patient, or due to lack of hand washing 
on the inserter’s part and can lead to CLABSI [14]. While 
a randomized controlled trial would be unethical, several 
studies have shown when targeted hand hygiene cam-
paigns are held, CLABSI rates tend to decrease [15–17]. 

Maximal Barrier Precautions
The use of maximal sterile barrier precautions has been 
associated with less mortality, decreasing catheter colo-
nization, incidence of HAI and cost savings [18–20]. Like 
most components of the bundle, maximal sterile barrier 
precautions have rarely been studied alone, but are often 
a part of a “bundle” or number of interventions [21]. Like 
hand hygiene, while regularly a part of many hospital’s 
checklist or bundle process, compliance with this key 
part of infection prevention can be deficient; one study 
noted measured maximal sterile barriers compliance to 
be 44% [22].

Chlorhexidine Skin Antisepsis
Chlorhexidine skin preparation decreases bacterial bur-
den at site of insertion and is thought to reduce infection 
from this mechanism. Chlorhexidine-alcohol skin prepa-
ration has been proven in randomized controlled trials to 
outperform povidone iodine-alcohol in preventing CLAB-
SI [23,24]. Chlorhexidine skin preparation is considered 
a technical element of checklists and is thought to be a 
straightforward and easily implementable action [25]. If a 
hospital supplies only alcoholic chlorhexidine and doesn’t 
provide povidone-iodine for skin preparation, then clini-
cians can be “nudged” towards performing this part of 
the bundle. 

Optimal Catheter Site Selection
For all sites of insertion of CVC, the risk of mechanical and 
infectious complications depends on the skill and profi-
ciency of operators, the clinical situation, and the availabil-
ity of ultrasound to help guide placement. These factors 
are important in determining which anatomical site is best 
for each patient [26]. The femoral site has been associ-
ated with a greater risk of catheter-related infection and 

Table. IHI’s Central Line Bundle

Perform hand hygiene

Use maximal sterile barrier precautions

Clean skin with chlorhexidine prior to insertion

Avoid the femoral site for catheter insertion, if possible

Remove unnecessary catheters as soon as possible

Adapted from reference 9.
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catheter-related thrombosis and is not recommended as 
the initial choice for non-emergent CVC insertion accord-
ing to national guidelines [13,27]. The internal jugular vein 
site is associated with a lower risk of severe mechanical 
complications such as pneumothorax when compared to 
subclavian vein site [27]. The subclavian vein site is asso-
ciated with a lower risk of catheter-related blood stream 
infection and lower rate of thrombosis, but this greatly de-
pends on experience of operator. Experts have proposed 
that the subclavian site has a lower burden of coloniza-
tion by bacteria than other sites and is anatomically more 
protected by catheter dressing; also the subcutaneous 
course of the central line itself is longer for the subclavian 
site than other sites and these reasons could contribute to 
the lower risk of infection [28]. The subclavian site is, how-
ever, associated with a higher risk of mechanical compli-
cations that can be serious for ICU patients. In general, 
the femoral vein site should be avoided in non-emergent 
line placement situations, particularly if the patient is an 
obese adult [13]. Using ultrasound as a guidance for 
catheter insertion has also been shown to reduce risk of 
CLABSI and other mechanical complications and is rec-
ommended [29,30].

Daily Review of Line Necessity
Removing unnecessary catheters as soon as possible 
decreases catheter dwell time and risk of infection. Few 
studies have concentrated on this step alone in CLABSI 
prevention, but the studies that have focused on catheter 
removal usually implement electronic reminders or mul-
tidisciplinary catheter rounds (where need for catheter is 
incorporated into daily rounds or discussed separately by 
a multidisciplinary group) [5,31]. 

Additional Considerations
Other basic practices that all hospitals should adopt 
include the above strategies and providing all inclusive 
catheter carts or kits, disinfecting hubs in maintenance 
care of catheters, covering the CVC site with sterile dress-
ings, having recurrent educational interventions and using 
checklists to assure adherence to the evidence-based 
bundle (Table) [4,13]. As prevalence of non-ICU central 
lines has also grown, maintenance care is particularly im-
portant in reducing CLABSI. Maintenance bundles that 

highlight best practices such as aseptic technique, correct 
hand hygiene, chlorhexidine skin disinfection scrub, anti-
microbial bandage application, and catheter hub disinfec-
tion have been used with success [32]. Specialized CVC 
insertion teams with trained personnel have also been 
recommended [4]. When these basic evidence-based 
practices are still unable to bring down CLABSI rates for 
select populations or during an outbreak, supplemental 
strategies can be tried to reduce CLABSI. These include 
antimicrobial-impregnated catheters, chlorhexidine-im-
pregnated dressings, and chlorhexidine bathing, which is 
increasingly being used in the ICU setting [5,13,33]. 

Epidemiology/Risk Factors
At-risk Populations 
ICU patients are at risk for CLABSI because of frequent 
use of multiple catheters, and the comorbidities and acui-
ty of care that these patients have. ICU patients also tend 
to have lots of manipulation of their catheters and often 
these catheters are placed in emergent situations [13]. 
Patients in the non-ICU and outpatient setting are also at 
risk for CLABSI when they have a central venous catheter. 
Long courses of antibiotics for disease states such as 
osteomyelitis and endocarditis often entail central venous 
catheters. Recent work has shown that PICCs carry as 
high of a CLABSI risk as short-term CVCs in hospitalized 
patients [34]. Patients with end-stage renal disease, es-
pecially those undergoing maintenance hemodialysis via 
a tunneled dialysis catheter are particularly vulnerable to 
CLABSI [13,35]. 

Risk Factors for CLABSI
A number of studies have reviewed risk factors and epide-
miology of CLABSI in the adult and pediatric population. 
Factors that have been associated with risk of CLABSI in 
more than one study include prolonged hospitalization 
before placement of the central line, prolonged duration 
of the central line, heavy microbial colonization at the site 
of insertion, heavy microbial colonization of the catheter 
hub, multiple lumens, internal jugular site catheterization, 
femoral vein site catheterization, neutropenia of the pa-
tient, a reduced nurse to patient ratio in the ICU setting, 
presence of total parenteral nutrition, and poor mainte-
nance care of the catheter [4,13,36–40]. One study [41] 
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that calculated a score to help predict risk of PICC-CLAB-
SI found that previous CLABSI (within 3 months of PICC 
insertion) significantly increases risk of repeat CLABSI. 

Conclusion 
CLABSI is an important cause of morbidity, mortality and 
cost. There has been remarkable success in prevention 
of these infections in recent years due to focused efforts 
on patient safety. As efforts have multiplied to put into 
place interventions to decrease CLABSI nationally, the 
CDC published a Vital Signs report discussing the im-
pact of these efforts [42]. It was estimated that over one 
decade, infection prevention efforts had avoided 25,000 
CLABSIs in U.S. ICUs, a 58% reduction in this infection 
[42]. CLABSI has served as the best example of using 
evidence-based interventions through an infection pre-
vention bundle or framework to reduce HAIs. Similar ap-
proaches are being used to try to reduce catheter-asso-
ciated urinary tract infection, Clostridium difficile infection, 
surgical site infection, and ventilator-associated pneumo-
nia, but there have been less distinct successes nationally 
and internationally for these other HAIs. 

The literature emphasizes that there are several evi-
dence-based measures that can prevent CLABSI. These 
include hand hygiene, using alcoholic chlorhexidine for 
skin preparation prior to insertion, maximal sterile barrier 
precautions, avoiding the femoral site for CVC inser-
tion, and removing unnecessary catheters as soon as 
possible. Support from administration in emphasizing 
patient safety and HAI prevention along with following ev-
idence-based practice could lead to long-term improve-
ment in CLABSI prevention across hospital systems.
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