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OBSERVATIONAL STUDY

Evaluating the Adequacy of Central  
Line-Associated Bloodstream Infection  
As a Quality Measure: A Cross-Sectional 
Analysis at a Single Tertiary Care Center
IMPORTANCE: The current definition of central line-associated bloodstream in-
fection (CLABSI) may overestimate the true incidence of CLABSI as it is often 
unclear whether the bloodstream infection (BSI) is secondary to the central line 
or due to another infectious source.

OBJECTIVES: We aimed to assess the prevalence and outcomes of central 
CLABSI at our institution, to identify opportunities for improvement, appropriately 
direct efforts for infection reduction, and identify gaps in the CLABSI definition 
and its application as a quality measure.

DESIGN, SETTING, AND PARTICIPANTS: Retrospective cross-sectional 
study of patients identified to have a CLABSI in the period 2018–2022 cared for 
at the value-based purchasing (VBP) units of a 1200-bed tertiary care hospital 
located in Cleveland, OH. Each CLABSI episode was assessed for relationship 
with central venous catheter (CVC), suspected secondary source of BSI, mor-
tality associated with the CLABSI hospital encounter, and availability of infectious 
disease physician or primary physician documentation of infectious source.

MAIN OUTCOMES AND MEASURES: CLABSI episodes were classified as 
CVC related, CVC unrelated, and CVC relationship unclear. Mortality during the 
same encounter as the CLABSI event was assessed as an outcome measure. 
Descriptive statistics were performed.

RESULTS: A total of 340 CLABSI episodes occurred in adult patients in VBP 
units. Majority of  the CLABSI, 77.5% (266), occurred in the ICU. Of the CLABSI 
analyzed, 31.5% (107) were classified as unrelated to the CVC; 25.0% (85) 
had an unclear source; 43% (148) were classified as CVC related. For CVC-
related cases, Staphylococcus and Candida were the predominant organisms. 
For the CVC unrelated and unclear groups Enterococcus was most prevalent. 
The mortality rate was lowest among patients classified with a CVC-related 
BSI. The positive predictive value (PPV) of the Centers for Disease Control and 
Prevention CLABSI definition to predict a true CVC-related infection was found 
to be 58.0%.

CONCLUSIONS AND RELEVANCE: The definition of CLABSI as a surro-
gate for catheter-related BSI is inadequate, with a PPV of 58.0% (43.1–67.6%). 
Efforts should be redirected toward revising the CLABSI definition and possibly 
reevaluating its criteria. Resources should be assigned to further investigate and 
systematically prevent BSIs from secondary sources while adhering to existing 
CLABSI prevention bundles.

KEYWORDS: central venous catheterization; critical care; healthcare quality; 
healthcare-associated infection; nosocomial infection
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Central venous catheter (CVC) or central line-
associated bloodstream infection (CLABSI) is 
a rare, but devastating event for hospitalized 

patients, especially in the ICU. The adverse outcomes 
related to CLABSI include increased mortality rates, 
prolonged duration of hospitalization, and reduced 
reimbursement from Medicare (1). The National 
Healthcare Safety Network (NHSN) defines CLABSI 
as a primary bloodstream infection (BSI) that devel-
ops in a patient with a central line in place within the 
48-hour period before onset of the BSI that is not re-
lated to infection at another site (2, 3).

The validity of a definition developed originally 
for surveillance but now known mainly as a quality 
metric and to drive clinical practice changes is ques-
tionable (4–6). The use of this definition may over-
estimate the true incidence of CLABSI as it is often 
unclear whether the BSI is secondary to the cen-
tral line or due to another infectious source such 
as pneumonia, urinary tract infection, or abdom-
inal abscess, despite many exclusion criteria (6–8). 
Catheter-related BSI (CRBSI) is a more rigorous 

diagnostic definition and requires specific labora-
tory testing to identify the catheter as the source 
of the BSI, such as culturing the catheter tip or a 
more elaborate method such as differential time-to- 
positivity of blood cultures (3, 6). But these meth-
ods to associate the infection with the catheter as the 
source are not routinely performed for this differen-
tiation in clinical practice. Additionally, the CRBSI 
does not eliminate the possibility of secondary 
sources of infection seeding these catheters.

Substantial patient safety and quality improvement 
initiatives and spending efforts are directed at lowering 
CLABSI rates given the adverse outcomes associated 
with it, as well as the growing evidence that demon-
strates that CLABSI infections are preventable (9). 
Furthermore, the Centers for Medicare and Medicaid 
Services assign financial penalties when CLABSI 
occurs by denying reimbursements for hospitals with 
high infection rates (10).

Decreasing CLABSI rates is one of the prioritized 
quality and safety objectives at our institution. Our in-
stitution has implemented several strategies to reduce 
CLABSI in compliance with the best practices related 
to the central-line bundle of insertion, maintenance, 
and removal. We hypothesize that the surveillance cri-
teria used to identify CLABSI overestimate the true 
prevalence of CVC-related BSIs and that a consider-
able number of CLABSI cases are misidentified BSIs 
from other sources. We thus hypothesize that not all 
CLABSI cases are solely attributable to CVC, and there 
is a gap in the predictive value of the “surveillance” 
definition of CLABSI and the “clinical impression” of 
the sources of CLABSI. This is important as most of 
the efforts on eliminating CLABSI are focused on pre-
vention of CVC as the source of infection. Focus on 
the CVC alone may reduce the opportunity to design 
interventions to address preventable CLABSIs origi-
nating from secondary BSIs.

We aimed to assess the prevalence and outcomes of 
CLABSI at our institution and to determine CLABSI 
cases that were falsely identified as BSI from CVC 
and estimate the positive predictive value (PPV) of 
the “surveillance” definition of CLABSI against the 
“clinical impression.” We also postulated that the 
CVC-related CLABSIs should be easier to treat with 
removal of the catheter and administration of antibiot-
ics relative to other complex infections. Our intended 
goals were to identify opportunities for improvement, 

 
KEY POINTS

Question: We hypothesized that not all central 
line-associated bloodstream infection (CLABSI) 
cases are solely attributable to central venous 
catheter (CVC), and there is a gap in the predictive 
value of the surveillance definition of CLABSI and 
the clinical impression of the sources of CLABSI.

Findings: Out of the 340 CLABSI episodes, 31.5% 
(n = 107) were classified as unrelated to the CVC, 
25.0% (n = 85) of CLABSI episodes had an unclear 
source, and 43% (n = 148) of the CLABSI epi-
sodes were classified as CVC related. The positive 
predictive value (PPV) of the National Healthcare 
Safety Network/Centers for Disease Control and 
Prevention CLABSI definition (148/255) to predict 
a true CVC catheter-related infection, based on 
clinical reviews, is 58.0% (43.1–67.6%).

Meaning: The PPV of CLABSI for clinical pur-
poses and as a quality metric is low, thus efforts 
should be redirected towards using CLABSI as a 
surveillance definition only and possibly reevaluat-
ing its inclusion and exclusion criteria.
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appropriately direct efforts for infection reduction, and 
identify gaps in the CLABSI definition and its applica-
tion as a quality measure.

MATERIALS AND METHODS

Study Design, Setting, and Participants

This study is a single center, retrospective cross- 
sectional analysis. The patient population included 
adult patients (> 18 yr), hospitalized at the main campus 
of the Cleveland Clinic, a 1200-bed tertiary care center 
located in Cleveland, OH, between January 1, 2018, and 
December 31, 2022. The study population was identi-
fied using the institutional CLABSI database for quality 
improvement, and further analysis was performed 
using data from Epic, our institution’s electronic med-
ical record system. No Institutional Review Board (IRB) 
review was necessary because this study was not consid-
ered human subjects research by IRB guidelines.

Routine hospital-acquired bloodstream surveil-
lance at Cleveland Clinic is performed prospectively 
and includes determination of CLABSI events as per 
NHSN definitions. Central line days and patient days 
are obtained from an electronic database and counted 
as per NHSN convention. The cohort consisted of con-
secutive patients identified as having a CLABSI event.

We examined the CLABSI episodes that occurred 
in the value-based purchasing (VBP) units of the hos-
pital. The VBP program links Medicare payments and 
penalties to healthcare quality for areas that provide 
inpatient acute care services. The performance meas-
ures component of VBP includes specific areas of clin-
ical care, person and community engagement, safety, 
efficiency, and cost reduction (1, 11).

Definitions and Interventions

After identification of the CLABSI events for review, 
we used a template to annotate the CLABSI episodes 
for the following: relationship with CVC, suspected 
secondary source of BSI, mortality associated with the 
CLABSI hospital encounter, and availability of infec-
tious disease (ID) physician or primary physician doc-
umentation of infectious source. Information related 
to the organism causing the BSI was available in the 
CLABSI database.

First, we classified the CLABSI episodes into the 
following three classes: CVC related, CVC unrelated, 

and CVC relationship unclear. This was based on the 
reviews performed of the ID physician’s clinical notes. 
CVC-related CLABSI events were those where the ID 
physician’s clinical note inferred significant evidence 
of association of the BSI being directly related to CVC 
infection. CVC-unrelated CLABSI events were those 
where the ID physician’s clinical note inferred signif-
icant evidence of association of the BSI being directly 
related to a non-CVC secondary source of infection, 
such as intra-abdominal or pulmonary.

Suspected secondary sources were then further clas-
sified based on the theorized origin as documented in 
the clinical note. For those events where the reviewers 
could not determine the suggested source of BSI based 
on their review of the ID physician’s clinical note, the 
events were classified as CVC unclear. If there was 
no ID consultation documented, then we based our 
reviews on the primary physician’s clinical note and 
impression. The majority of the CLABSIs did have an 
ID physician consultation and documentation.

Last, we noted if the patient had died during the 
same encounter as the CLABSI event to assess its im-
pact on outcomes. Descriptive statistics were per-
formed to analyze the available data. Python 3.9 was 
used as the programming language within Jupyter 
Notebook, Anaconda 4 (Anaconda, Austin, TX) to 
perform the analysis.

RESULTS

In our initial review, we evaluated 671 CLABSI epi-
sodes for our analysis. These occurred among 645 
patients and in 58 different units (ICUs and non-ICUs) 
across Cleveland Clinic’s main campus hospital. For 
our detailed analysis, we then selected the CLABSI 
episodes that had occurred in the VBP units only. The 
total number of CLABSI episodes in the VBP units 
was 343 in the same period, across 28 different units 
(ICUs and non-ICUs) across the main campus of the 
Cleveland Clinic (Fig. 1). The total central line-days 
were 352,583 over the study period.

The majority of the CLABSI events, 77.5% (266), 
occurred in the ICUs. We excluded three cases as they 
occurred in pediatric patients housed in these units, 
so the final analysis included a review of 340 CLABSI 
events. Some adult patients were in the PICU and floor 
during the CLABSI event and were included in the 
analysis.
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CLABSI Association With CVC

Out of the 340 CLABSI episodes in VBP units, 
31.5% (n = 107) were classified as unrelated to the 
CVC. To the clinicians reviewing based on the sup-
portive documentation from the ID physicians tak-
ing care of the patients, 25.0% (n = 85) of CLABSI 
episodes had an unclear source. Forty-three percent 
(n = 148) of the CLABSI episodes were classified 
as CVC related, emphasizing the need to continue 
with the best practices related to CLABSI preven-
tion (Fig. 2).

Predictive Value of CLABSI Definition Based on 
Clinical Reviews

True positive CLABSI (CVC related) = 148
False positive CLABSI (CVC unrelated) = 107
Positive Predictive Value (PPV) = TP/TP + FP
where TP is true positive and FP is false positive.
The PPV of the NHSN/Centers for Disease Control 

and Prevention (CDC) CLABSI definition (148/255) 
to predict a true CVC-related infection, based on clin-
ical reviews, is 58.0%. If all the CVC unclear CLABSI 
events were found to be CVC related, then the PPV 

would increase to 67.6% (148 + 85/340). Whereas, if 
all the CVC unclear CLABSI events were found to be 
CVC unrelated then the PPV would decrease to 43.1%. 
Thus, based on our analysis, the PPV of NHSN-CDC 
definition of CLABSI could range between 43.1% and 
67.6%. This is not different from some of the earlier 
reported studies where CLABSI were compared with 
CRBSI (12).

Figure 2. The distribution of central line-associated bloodstream 
infection (CLABSI) counts based on assessment of the 
relationship to a central venous catheter (CVC) as the infectious 
source.

Figure 1. Distribution of central line-associated bloodstream infection events based on patient location.
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Organisms Associated With CLABSI

Excluding culture results showing mixed flora, 
Enterococcus, Staphylococcus, and Candida were the 
predominant organisms found among all the CLABSI 
events. For CVC-related cases, Staphylococcus and 
Candida were the predominant organisms. For the 
CVC unrelated and unclear groups Enterococcus was 
most prevalent (Fig. 3).

Secondary Sources of CVC-Unrelated CLABSIs

Gastrointestinal and pulmonary were the key alterna-
tive sources of CLABSI episodes based on the reviews 
of ID physician clinical notes (Fig. 4). Of the 107 
CL-unrelated BSI cases, 40 CLABSI events (37%) were 
found to be of gastrointestinal origin, 28 (26.1%) of 
pulmonary in origin, and 13 of genitourinary origin 
(12.1%).

Association of CLABSI With Mortality

The mortality rate among the patients with CLABSI 
was lowest among patients classified with a CVC-
related BSI and highest in patients in whom the source 

of BSI was unclear, 44 (39%) vs. 38 (67%), respectively 
(Fig. 5). The CVC-unrelated group, with 57 patients, 
had a mortality rate of 53%.

DISCUSSION

Based on our analysis, 31.5% of events initially clas-
sified as CLABSI were clearly caused by another in-
fectious source, suggesting that the current CLABSI 
definition may no longer remain accurate. Another 
24.9% of the CLABSIs had a lack of a clear source 
based on the ID physicians’ review and documenta-
tion. Previous CLABSI prevention efforts have focused 
on CVC insertion and care bundles (13–15). CVC 
insertion and care bundles need to be adhered to, as 
even at our institution despite strict adherence to these 
bundles, there are CLABSI events which are clearly 
CVC related (43%) (16). However, focusing solely on 
CVC insertion and care bundles may not further re-
duce CLABSI rates as there were 31.5% of CLABSI 
cases at our institution that were found to be unrelated 
to a CVC.

The definition of CLABSI is especially important to help 
identify this serious condition and implement effective 

Figure 3. Association of central line-associated bloodstream infection events with cultured organisms. CVC = central venous catheter.



Mathur et al

6          www.ccejournal.org	 January 2025 • Volume 6 • Number 1

preventive strategies. In our study, focused on VBP ICUs, 
31.5% of cases initially classified as CLABSI were attrib-
uted to be caused by another infectious source, especially 

gastrointestinal, pulmo-
nary, and urinary, with 
Enterococcus being the 
most prevalent bacteria 
in this group. This sug-
gests that the current 
CLABSI definition may 
not be precise enough. 
Enterococcus species 
and Candida species 
have historically been 
at the top of the list of 
our CLABSI pathogens. 
These are organisms in 
which the definitions 
allow very little opportu-
nity for secondary sourc-
ing. It is also important 
to note that the micro-
bial spectrum might 

evolve over time. As noted in a surveillance study, there 
was a decrease of Staphylococcus and Candida-related 
infections over time while Enterococcus or Gram-negative 

Figure 5. Mortality as an outcome of central line-associated bloodstream infection events in relationship 
with source. CVC = central venous catheter.

Figure 4. Secondary sources of central venous catheter (CVC)-unrelated central line-associated bloodstream infection (CLABSI) 
events.
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organisms related infections remained the same (17). 
Although, in this study, CRBSI was studied, it is possible 
that the tenacious nature of the Enterococcal and Gram-
negative microbiome represents more of secondary seed-
ing and sources of CRBSI (9).

In addition, CLABSIs from CVC-unrelated sources 
also had higher mortality when compared with CVC 
related. As postulated, the CVC-related infections 
might be easier to treat leading to better outcomes 
compared with other sources. Especially, when the 
source of infection is unclear to the experts, source 
control is likely to be harder despite delivery of broad- 
spectrum antibiotics and could lead to worse outcomes 
as seen in our CVC-unclear group. Systematic reviews 
and prevention approaches in these patients cannot be 
limited to adherence toward application of CLABSI 
bundles alone. Alternative ID quality measures such as  
hospital-onset bacteremia and fungemia (HOB) have 
been proposed; however, the proportion of HOB cases 
that are preventable remains in question (18, 19).

With the change in prevalence of CLABSI, prior opin-
ions, our study using expert clinician impressions of the 
source of infection, and the use of CRBSI definition, all 
have similar results for decreased PPV of the CLABSI 
definition in relationship with CRBSI (5, 6, 8, 12, 17, 
20–22). While CVC insertion and care bundles need to 
be adhered to, changes in definition and focus on CVC-
unrelated CLABSI have the potential to decrease BSIs and 
improve patient outcomes without penalizing the hospi-
tals. While the significant focus on CLABSI as a quality 
metric needs to be maintained, the definition itself should 
be reviewed and possibly revised. This has been done for 
many quality metrics including the CLABSI definitions 
itself, as based on Goodhart’s law,“ When a measure 
becomes a target, it ceases to be a good measure” (23). 
Metrics, including adherence to bundled metrics for the 
prevention of CLABSI, might be adequate for the pre-
vention of CVC-related CLABSI, which are already more 
universally in use. Our analysis also shows that at least at 
our institution, most of the CLABSIs occur in high acuity, 
complex care patients admitted to various ICUs. Thus, 
publication of the CLABSI data should also be recon-
sidered as the reputational harm for institutions caring 
for high acuity patients is significant, potentially driv-
ing down reimbursement even further than the quality 
metric associated penalties.

A key limitation of this study is being a single-
center, tertiary level institution-based analysis. In 

the future, a multicenter study could be designed. 
Another limitation of this analysis is the lack of ver-
ifiable laboratory standards such as CVC tip culture 
results. These are not routinely performed at our in-
stitution for CLABSI events. The reason for using ID 
experts’ impression about the source of infection as 
opposed to other methods, such as CVC tip cultures, 
was to have an expert’s clinically applicable method to 
describe the source of infection. A similar approach 
in the past using ID fellow had also found gaps in the 
utility of CLABSI definition, overestimating CLABSI 
by 30% (5). These descriptions are important as they 
drive investigations and treatments of the CLABSI in 
day-to-day clinical scenarios. These expert clinicians 
also consider many more factors and investigation 
results than isolated test results including catheter tip 
cultures in clinical diagnosis and treatment plans. The 
results of our study do match prior studies that have 
used catheter tip culture results. We are also retro-
spectively assessing and interpreting the documenta-
tion of the ID physician’s note in this analysis, rather 
than prospectively assessing the event in possibly a 
blinded way.

CONCLUSIONS

The definition of CLABSI as a surrogate for CRBSI is 
inadequate, with a PPV of 58.0% (43.1–67.6%). Efforts 
should be redirected toward revising the CLABSI defi-
nition and possibly reevaluating its criteria. Resources 
should be assigned to further investigate and system-
atically prevent BSIs from secondary sources while 
adhering to existing CLABSI prevention bundles.
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