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Learning Objectives

• Outline the impact, cost, morbidity and mortality of 
CLABSI

• Recognize that CLABSI is defined in different ways 
and there are multiple routes of developing CLABSI

• Describe a tiered approach to prevent CLABSI
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What is a Central Venous Catheter (CVC)?

• Intravascular device that terminates at or close to the heart or 
one of the great vessels 

Non-tunneled CVCs (subclavian, jugular, femoral)

Tunneled CVCs

Dialysis catheter 

Peripherally inserted central catheters (PICCs)

Implanted ports

• Used increasingly to provide short-, medium- and long-term 
venous access in all settings
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What is a CLABSI? Surveillance Definition

An infection that originates from or is related to a central venous catheter

Two definitions: surveillance and clinical

NHSN surveillance definition:
A laboratory confirmed infection where a CVC is in place for >2 calendar days 
prior to a positive culture and is also in place the day of or day prior to culture

Example 2:
• PICC placed June 2nd
• Removed June 5th
• Patient febrile June 6th
• Cultures positive for Coagulase-

Negative Staphylococci 

CLABSI

Example 1:
• PICC placed June 1
• Patient febrile June 3
• PICC in place
• Cultures positive for Staphylococcus 

aureus

CLABSI
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Disclaimer: All case studies are hypothetical and not based on any actual patient information. Any similarity 
between a case study and actual patient experience is purely coincidental.



What is CLABSI? Clinical Definition

CLABSI occurs when these three criteria exist:
Clinical signs of infection 

e.g., fever, rigors, altered mental status, hypotension

No alternate source of bloodstream infection

Positive blood culture from a peripheral vein with any one of the 
following:

Catheter tip/segment culture that matches organism grown from blood 

At least threefold higher number of organisms grown from the catheter 
versus the peripheral blood culture on simultaneously drawn cultures

Growth from the catheter-drawn blood culture occurs at least two hours 
before growth of the same organism from a percutaneously-drawn blood 
culture
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Burden of CLABSI

Epidemiology of CLABSI is changing
44% decrease in CLABSI between 2008-2016

• Approximately 23,500 CLABSIs were reported to NHSN 
from U.S. hospitals in 2016

•Prolongs hospital stay

•Increase morbidity

•Raises mortality by 12-25% 

• CDC estimates attributable CLABSI cost 
$48,000/episode*
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Pathogenesis of CLABSI

Based on route of entry of bacteria:
Extraluminal: pathogens migrate along external surface of 
catheter from skin entry site

Often occurs within 7 days of insertion

Intraluminal: hub contamination, migration along internal 
surface of catheter

More commonly occurs >7 days, intraluminal colonization 

Secondary BSI: bacteria from another source in the body 
infects the blood 

Infusate Contamination : introduction of pathogens from 
fluids infused through the catheter system
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Risk Factors for CLABSI

Patient Characteristics
Immune compromised host/neutropenic hosts
Severe skin burns or protein calorie malnutrition
Prolonged hospital stay prior to device placement

Provider Characteristics
Emergency insertion
Excessive device manipulation
Incomplete adherence to safe insertion practices
Failure to remove unnecessary devices
Low nurse-to-patient staffing ratio (catheter hub care)

Device Characteristics
Site of insertion
Number of lumens
Indication for use (total parenteral nutrition, chemotherapy)
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Preventing CLABSI

MHA Keystone Study:
Statewide initiative in Michigan to prevent CLABSI
103 ICUs, launched Oct 2003
Made use of a “bundle” of best practices

What is a bundle?
Structured way of improving process of care and 
patient outcomes using a set of evidence-based 
interventions at the same time

Keystone Bundle Intervention:
Hand hygiene prior to catheter insertion
Use of maximal sterile barrier precautions
Use of alcohol-containing chlorhexidine for skin 
antisepsis before insertion
Avoidance of the femoral site
Removal of unnecessary catheters as soon as possible

(Pronovost P, N Engl J Med, 2006; Central Line Infection, Institute for Healthcare Improvement, 
2016; Checklist for Prevention of Central Line Associate Blood Stream Infections, CDC.)
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Keystone Study Decreased CLABSI Rates 

(Pronovost P, N Engl J Med, 2006)
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Active Ingredients of the CLABSI Bundle
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Evidence for Technical Element: 
Chlorhexidine vs Povidone

Meta-analysis: Among patients with CVC, chlorhexidine prep 
reduced risk of CRBSI by 49% vs Povidone

(Chaiyakunapruk N, Ann Intern Med, 2002)
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Socioadaptive Intervention:
Not Just About Having A Bundle

Socioadaptive Interventions include:

•Clinician education

•Designated Physician and Nursing Team Leader

•Central-line cart in each ICU

•Insertion Checklist

•Nurse empowerment to stop procedure if best practices are not 
followed

•Adherence to best practices

•To frontline staff, feedback provided regarding rates of CLABSI
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Socioadaptive Changes are Important

Question: does adopting a bundle alone lead to CLABSI 
prevention?

In 250 hospitals, CLABSI rate was 2.1 per 1000 catheter days 
and 49% had a bundle policy

CLABSI rates decreased only when units:
Had a bundle policy

Monitored compliance

Demonstrated > 95% compliance

(Furuya EY, PLoS One, 2011)
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Tiers of CLABSI Prevention Practices*
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Tier 1: First Steps to CLABSI Prevention
Assess appropriateness and need for all CVCs

Select appropriate site of insertion
Avoid the use of the femoral site

Ensure proper aseptic insertion using maximal sterile 
barriers and ultrasound guidance

Ensure proper care and maintenance of CVC
Proper hand hygiene
Adequate staffing
Disinfect connectors 
Intact dressing

Optimize prompt removal of clinically unnecessary 
CVCs 17



Tier 2: Enhanced Practices

Perform CLABSI needs assessment with the Guide to Patient Safety 
(GPS)* and/or CDC Targeted Assessment for Prevention (TAP) 
Strategy

Tier 2:

Conduct multidisciplinary rounds to audit for necessity of continued 
CVC use

Provide real-time feedback on CLABSI and CVC utilization metrics to 
frontline staff

Observe and document competency and compliance with CVC 
insertion and maintenance

Use additional approaches as indicated by risk

Conduct a full or mini root-cause analysis (RCA) of all CLABSIs
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* This tool is modeled on the CAUTI GPS and was adapted by a team that included subject matter experts affiliated with the 
University of Michigan and Department of Veterans Affairs and funding support from the Agency for Healthcare Research and 
Quality (AHRQ) and the Centers for Disease Control and Prevention (CDC).



Summary

Despite progress, CLABSI remains a costly, morbid and lethal 
condition

Prevention of CLABSI should include both technical and 
socioadaptive elements

Guidance using these strategies will be provided in a tiered 
format to help you implement quality CLABSI prevention 
interventions
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Speaker Notes: Slide 1

Welcome to the first of the central line-associated bloodstream 
infection, or CLABSI, prevention modules. This module, titled 
“Central Line-Associated Bloodstream Infection: An Introduction” 
will provide background information on what constitutes a 
central venous catheter, the definition and burden of CLABSI and 
strategies for preventing this infection. This module will serve to 
set the stage for subsequent modules in this course. 
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Speaker Notes: Slide 2

This module was developed by national infection prevention 
experts devoted to improving patient safety and infection 
prevention efforts.
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Speaker Notes: Slide 3

After completing this module, you will be able to:
• Outline the impact, cost, morbidity and mortality of CLABSI;
• Recognize that CLABSI is defined in different ways and there 

are multiple routes of developing CLABSI; and 
• Describe a tiered approach to prevent CLABSI.
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Speaker Notes: Slide 4

A central venous catheter, or CVC, is an intravascular device that 
terminates at or close to the heart or one of the great vessels at 
the chest. Therefore, central venous catheters include a number 
of devices, such as:

• Non-tunneled central venous catheters, such as those placed in 
subclavian, jugular or femoral veins;

• Tunneled central venous catheters;
• Dialysis catheters;
• Peripherally inserted central catheters, also called PICCs; and 
• Implanted ports. 
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Speaker Notes: Slide 4 Continued

Central venous catheters are useful because they provide easy 
venous access for varying time periods – such as days, weeks or 
months of treatment.
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Speaker Notes: Slide 5

As described earlier, CLABSI stands for central line-associated 
bloodstream infection. It is an infection that either originates from 
or is related to a central venous catheter. CLABSI can be defined a 
number of ways, which sometimes creates confusion. There are 
two major definitions of CLABSI that are important to review. The 
first is the surveillance definition which will be used throughout 
this presentation. This definition comes from the Centers for 
Disease Control and Prevention’s National Healthcare Safety 
Network (NHSN) and states that a CLABSI occurs when a patient 
has a laboratory confirmed infection with a central venous 
catheter in place for two or more calendar days prior to the 
culture and is also in place the day of or the day prior to culture.
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Speaker Notes: Slide 5 Continued

Surveillance definitions are designed to study and identify trends in a 
population. The application of these standardized criteria, and only 
these criteria, in a consistent manner allows confidence in aggregation 
and analysis of data. Alternatively, clinical diagnoses are patient 
specific. Unlike surveillance definitions, ALL available diagnostic data 
are considered in a clinical diagnosis, including additional clinical, 
epidemiological and laboratory data not used for NHSN surveillance. 
Therefore, a clinical diagnosis may be made even when a surveillance 
definition may not be met. Failure to meet a surveillance definition 
should never impede or override clinical judgment during diagnosis, 
management or treatment of patents. Nor should failure to meet 
clinical definitions result in non-reporting to NHSN infections meeting 
the NHSN surveillance criteria.
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Speaker Notes: Slide 5 Continued

For example, suppose a patient has a PICC placed on June 1st

and then they become febrile on June 3rd . The patient’s blood is 
cultured while the PICC remains in place. The cultures are 
positive for Staphylococcus aureus. 
By definition, this meets CLABSI criteria because the infection is 
confirmed and the CVC, in this case a PICC, was in place before 
and during the culture. 
Here’s another example:
Suppose a patient has a PICC placed June 2nd and removed on 
June 5th . The patient develops a fever the following day and the 
cultures are positive for a Coagulase-negative Staphylococci. 
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Speaker Notes: Slide 5 Continued

This is also a CLABSI even though the PICC was no longer in place 
when the fever developed and the cultures were taken. The 
definition applies because the culture was positive with a PICC in 
place for two days and was removed a day prior to the cultures.
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Speaker Notes: Slide 6

The clinical definition of CLABSI is similar to the surveillance 
definition, but there are a few key differences. 
The clinical definition comes from the Infectious Diseases Society 
of America (IDSA) and Society of Healthcare Epidemiology of 
America (SHEA) 2009 Catheter Related Bloodstream Infection 
Guidelines. This is the most commonly recognized definition. It 
stipulates that three criteria have to be present for a CLABSI to 
be diagnosed:
First, the patient has to have clinical signs of an infection. So, for 
example, fever, rigors, altered mental status, or low blood 
pressure. 
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Speaker Notes: Slide 6 Continued

Second, there should be no alternate source for bloodstream 
infection.
And third, there must be a positive blood culture from a 
peripheral vein with any of the following:
• A catheter tip culture that matches the organism grown from blood. 
• At least a three-fold higher number of organisms grown from the catheter 

versus the peripheral blood culture on simultaneously drawn cultures.
• Or growth from the catheter-drawn blood culture which occurs at least 

two hours before growth of the same organism from a percutaneously-
drawn blood culture.

Please note that the 2009 clinical guideline is under review with 
a projected publication of Fall 2019.  
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Speaker Notes: Slide 7

An important aspect to understand is that the epidemiology of 
CLABSI is changing. This slide illustrates why it is still important to 
study CLABSI. While we have witnessed substantial reductions in 
CLABSI, 44 percent between 2008 and 2016,  approximately 
33,500 CLABSIs were reported to NHSN in 2016. These infections 
prolong hospital length of stay, increase morbidity and raise 
mortality anywhere from 12 to 25 percent.
CLABSIs are also costly. The CDC estimates that a single case can 
cost as much as $48,000 or more per episode. 
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Speaker Notes: Slide 8

It is important to understand the pathogenesis of CLABSI to 
better target prevention efforts. 
There are four routes of transmission in determining CLABSI 
cause:
1. First, extraluminal – or around the catheter. In this scenario, 

pathogens from the skin migrate from the puncture site along the 
catheter down into the bloodstream. Extraluminal CLABSI, also 
called insertion-related CLABSI, often occurs within seven days of 
CVC insertion.

2. Second is intraluminal – or an infection that occurs from within the 
catheter, such as when the catheter is not properly disinfected and 
bacteria migrate into the bloodstream from the catheter itself. This 
occurs when catheters dwell for longer periods, such as beyond 
seven days.
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Speaker Notes: Slide 8 Continued

3. Third, secondary BSI– or infection that involves the catheter 
coming from another source, such as pneumonia or a urinary tract 
infection. In these cases, the catheter is implicated, but is not the 
cause of infection.

4. And fourth, infusate contamination –this is when the infusion itself 
contains bacteria leading to a bloodstream infection, for example 
in outbreaks related to contaminated IV flushes or injectable 
medications.

For surveillance purposes, ensure that NHSN reporting 
instructions are followed for reporting bloodstream infections 
that are suspected to arise from a different primary infection 
site.
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Speaker Notes: Slide 9

Available evidence suggests that there are several risk factors for 
CLABSI that can be divided into three categories: patient, 
provider and device-characteristics.
Certain patient characteristics and comorbidities can increase a 
patient’s risk of getting a CLABSI. These include if the patient is 
immune compromised or neutropenic, if the patient has severe 
skin burns or protein calorie malnutrition and if the patient has a 
prolonged hospital stay prior to having the device placed. 
Provider characteristics are risk factors related to healthcare 
professional insertion and maintenance of the central venous 
catheter. 
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Speaker Notes: Slide 9 Continued

So for example, incomplete adherence to safe insertion 
practices, improper site or dressing care, and failure to remove a 
device that is no longer necessary or insufficient nurse-to-patient 
staffing ratios have all been linked to an increased risk of CLABSI. 
Finally, device characteristics are also risk factors that are related 
to central venous catheter use and insertion. For example, the 
insertion site of the central venous catheter, the number of 
lumens and the indication for the use of the CVC can all 
contribute to a patient’s risk of developing a CLABSI. These risk 
factors will be discussed in more detail in the second and third 
modules of this course. 
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Speaker Notes: Slide 10

How can we prevent CLABSI? 
A seminal study is the Michigan Hospital Association Keystone 
Center Study, which was a state-wide initiative that involved 103 
Michigan ICUs conducted by Dr. Peter Pronovost and colleagues 
from Johns Hopkins. A hallmark of this study was the use of a 
bundle of evidence-based practices. 
But what exactly is a bundle? 
One way to think of a bundle is as a series of evidence-based 
interventions that, when applied consistently and at the same 
time, improve both processes of care and patient outcomes.
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Speaker Notes: Slide 10 Continued

The Keystone Bundle consisted of five elements:

1. Hand hygiene prior to catheter insertion;
2. Use of maximal sterile barrier precautions;
3. Use of alcohol-containing chlorhexidine for skin antisepsis 

before insertion;
4. Avoiding the femoral site; and
5. Removal of unnecessary catheters as soon as possible.
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Speaker Notes: Slide 11

The Keystone study was powerful and showed that a set of 
evidence-based practices applied as a bundle could reduce 
CLABSI rates. This slide, taken from the published study, shows 
that median rates of infection fell during implementation of the 
bundle across all ICUs and remained low throughout the 18-
month study period.
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Speaker Notes: Slide 12

How does the bundle achieve its effect? What is the “active 
ingredient?”

One way to think about how the bundle reduces CLABSI is to 
break the elements of the bundle down into technical 
interventions – or those that involve tools or techniques such as 
using chlorhexidine for skin antisepsis – versus socioadaptive
interventions such as hand hygiene and removal of catheters.
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Speaker Notes: Slide 13

The most important technical element of the bundle is alcohol 
containing chlorhexidine. Although this study is a bit older, this is 
a systematic review that clearly shows that compared to 
povidone iodine, skin disinfection with chlorhexidine reduces the 
risk of CLABSI by almost 50 percent. Thus,  hospitals can reduce 
CLABSI rates by replacing povidone iodine in the catheter tray or 
cart with chlorhexidine to effectively experience these changes.
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Speaker Notes: Slide 14

Socioadaptive interventions reflect behavioral changes that have 
to take place in order to ensure that the bundle has its intended 
impact. These changes are much harder to integrate and in the 
Keystone study included a number of elements such as:

• Clinician education; 
• Having a designated physician and nurse team leader; 
• Having a central-line cart in each ICU; 
• Using insertion checklists when placing CVCs;
• Empowering nurses to stop central line catheter insertions if best 

practices were not followed;
• Adhering to those identified best practices; and 
• Providing feedback to staff regarding CLABSI rates.
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Speaker Notes: Slide 15

Socioadaptive interventions are important, because simply 
having a bundle is not enough. Rather, changes have to occur 
within an organization, to truly change the behavior of staff and 
clinicians and lead to true and sustained practice change.

A study by Furuya and colleagues nicely illustrates this point. In a 
study spanning 250 hospitals, the investigators found that 
approximately half of them reported having a bundle for CLABSI 
prevention. Additionally, the baseline rate of infection was 2.1 
infections per 1,000 catheter days across the sites. 
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Speaker Notes: Slide 15 Continued

When the investigators looked at sites where infection rates 
declined, they found that infections only decreased when sites 
had a bundle, monitored compliance with the bundle elements 
and then demonstrated compliance with 95 percent of the 
interventions within the bundle.
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Speaker Notes: Slide 16

This presentation will discuss two tiers of CLABSI prevention 
efforts that contain both technical and socio adaptive 
interventions. The first Tier are those interventions best 
supported by the evidence that are effective at preventing 
CLABSI in the hospital setting. These are the activities that all 
acute care hospitals should be doing.
Tier 2 is composed of interventions to try if CLABSI incidence 
remains higher than desired, despite the implementation of Tier 
1 interventions. Tier 2 interventions are more complicated to 
implement or may be more controversial, but could be helpful to 
prevent CLABSI when added to Tier 1 interventions.
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Speaker Notes: Slide 17

The first step of the Tier 1 interventions to prevent CLABSI 
involves assessing the appropriateness and need for all central 
venous catheters; a patient can’t develop a CLABSI if they don’t 
have a central line. If a CVC is indicated, it is important to ensure 
the appropriate site is selected during insertion and that proper 
aseptic technique is followed using maximal sterile barriers and 
ultrasound guidance.  Next, it’s important to have policies and 
procedures in place to guarantee proper catheter care and 
maintenance. This includes proper hand hygiene, adequate 
staffing, disinfection of connectors and checking that catheter 
dressings are dry and intact. Lastly, it’s important to optimize 
removal of the catheter as soon as clinically indicated.
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Speaker Notes: Slide 18

The next steps are to re-examine your CLABSI surveillance data 
and the barriers to implementation of the Tier 1 interventions. 
The CLABSI Guide to Patient Safety, or CLABSI GPS, and TAP 
Strategy are tools that can help with this assessment. The tools 
walk through a number of prevention elements and help you 
score their implementation at your facility. 
If your CLABSI incidence remains higher than expected despite 
implementing Tier 1, you can add multidisciplinary rounds to 
audit the necessity of continued central line use. Rounding can 
also be used to share CLABSI feedback data with frontline staff. 
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Speaker Notes: Slide 18 Continued

Nurse and physician leaders should work with infection 
prevention to share such feedback about individual infections 
and when they are identified and feedback should include not 
just CLABSI rates but also utilization data regarding central 
venous catheters. Rounding can also be helpful to audit and 
monitor insertion and maintenance compliance. Staff placing 
CVCs should receive initial and recurrent appropriate training 
and education. Likewise, it’s important to ensure that staff 
responsible for maintaining CVCs have received both initial and 
recurrent training and can demonstrate competence in the use 
of maintenance supplies and procedures. 
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Speaker Notes: Slide 18 Continued

If CLABSI rates remain elevated, then consider using additional 
approaches as indicated by individual risk, such as antimicrobial 
coated central venous catheters, bathing patients over two 
months of age with chlorhexidine, etc. 

If CLABSI rates remain elevated despite these Tier 1 and 2 
interventions, then a root cause analysis should be performed to 
identify next steps for improvement. You should assess  how 
your facility is doing and regularly examine your CLABSI.
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Speaker Notes: Slide 19

In summary, despite progress, CLABSI remains a costly, morbid 
and lethal condition. CLABSI prevention must include both 
technical and socio-adaptive elements. Guidance using these 
strategies will be provided in a tiered format in the subsequent 
modules to help you implement quality CLABSI prevention 
interventions.
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Speaker Notes: Slide 20

No notes.
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Speaker Notes: Slide 21

No notes.
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