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OBJECTIVE. To develop a modified surveillance definition of central line-associated bloodstream infection (mCLABSI) specific for our 
population of patients with hematologic malignancies to better support ongoing improvement efforts at our hospital. 

DESIGN. Retrospective cohort study. 

PATIENTS. Hematologic malignancies population in a 1,200-bed tertiary care hospital on a 22-bed bone marrow transplant (BMT) unit 
and a 22-bed leukemia unit. 

METHODS. An mCLABSI definition was developed, and pathogens and rates were compared against those determined using the National 
Healthcare Safety Network (NHSN) definition. 

RESULTS. By the NHSN definition the CLABSI rate on the BMT unit was 6.0 per 1,000 central line-days, and by the mCLABSI definition 
the rate was 2.0 per 1,000 line-days (P<.001). On the leukemia unit, the NHSN CLABSI rate was 14.4 per 1,000 line-days, and the 
mCLABSI rate was 8.2 per 1,000 line-days (P = .009). The top 3 CLABSI pathogens by the NHSN definition were Enterococcus species, 
Klebsiella species, and Escherichia coli. The top 3 CLABSI pathogens by the mCLABSI definition were coagulase-negative Staphylococcus 
(CONS), Pseudomonas aeruginosa, and Staphylococcus aureus. The difference in the incidence of CONS as a cause of CLABSI under the 2 
definitions was statistically significant (P< .001). 

CONCLUSIONS. A modified surveillance definition of CLABSI was associated with an increase in the identification of staphylococci as 
the cause of CLABSIs, as opposed to enteric pathogens, and a decrease in CLABSI rates. 
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Hospital-acquired bloodstream infection (HABSI) surveil- result of intensive conditioning regimens and chemotherapy 
lance is a core function of infection prevention programs. that result in profound and lengthy neutropenia with resul-
Application of National Health and Safety Network (NHSN) tant mucous membrane disruption and risk of bacteria trans-
methodology identifies bloodstream infections that can be location.2'3 Furthermore, BMT recipients require immuno-
defined as central line-associated bloodstream infections suppressive therapy to prevent graft-versus-host disease.4 

(CLABSIs).1 The purposes of CLABSI surveillance include There is additional risk for HABSI due to the frequent and 
trending data, serving as a metric for improvement projects prolonged need for a central venous catheter (CVC). The 
to decrease infection rates and increasingly as an objective NHSN definition does not take into account these factors, 
measure of the quality of care delivered for interhospital com- and to attribute the HABSI to a secondary source specific 
parison. criteria must be met that do not include translocation. 

The NHSN CLABSI definition, which was originally in- The misclassification of HABSI as CLABSI by definition 
tended for a general medical-surgical population, is problem- does not allow infection prevention surveillance to provide 
atic when applied to patients with hematologic malignancies, credible, actionable data to care teams invested in process 
who by definition have dysfunctional immune systems. Bone improvement and also may have unintended negative con-
marrow transplant (BMT) recipients and leukemia patients sequences in an era of increasing public reporting of infection 
undergoing treatment have inherent risks for HABSI as a rates and resultant institutional pressure to decrease CLABSI 
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TABLE i. Primary and Secondary Bloodstream Infection 
(BSI) Rates for the Bone Marrow Transplant (BMT) and Leu­
kemia Units by National Healthcare Safety Network (NHSN) 
and Modified Central Line-Associated BSI Definitions 

NHSN Modified P 

Primary BSI rate 
BMT unit 5.6 1.9 <001 
Leukemia unit 10.3 3.6 <.001 

Secondary BSI rate 
BMT unit 0.6 4.2 <.001 
Leukemia unit 1.4 8.1 <.001 

NOTE. Rates are given as cases per 1,000 patient-days. 

rates.5 We developed a modified surveillance definition of 
CLABSI (mCLABSI) specific for our population of patients 
with hematologic malignancies to better support ongoing im­
provement efforts at our hospital. In this report, we describe 
our experience and compare CLABSI rates and attributed 
causal pathogens using this modified definition and the stan­
dard NHSN definition. 

METHODS 

Cleveland Clinic is a 1,200-bed tertiary care hospital in Cleve­
land, Ohio, that houses a 22-bed BMT unit and a 22-bed 
leukemia unit. In July 2010, a multidisciplinary task force 
was formed with its goal being to decrease infection rates in 
these units as part of an institution-wide campaign to decrease 
CLABSI rates. Efforts included a comprehensive education 
campaign, changes to central line maintenance practices with 
random audits to ensure best practice, introduction of new 
technology, and short-cycle e-mail notification of CLABSI 
events to bedside caregivers. 

Routine bloodstream surveillance at Cleveland Clinic in­
cludes total HABSIs and further stratification into primary 
(to include CLABSIs) or secondary source per NHSN guid­
ance.1 HABSIs are entered and maintained in an infection 
prevention database. An mCLABSI definition was developed 
to support the task force wherein primary HABSIs that met 
the following criteria were no longer considered CLABSIs: 
(1) HABSI due to viridans group streptococci in a patient 
with mucositis; (2) BMT recipients with graft-versus-host dis­
ease of the gastrointestinal tract with a HABSI due to Enter-
ococcus, Enterobacteriaceae, or Candida species; and (3) pa­
tients with neutropenia after dose-intensive chemotherapy 
with a HABSI due to Enterococcus, Enterobacteriaceae, or Can­
dida species. 

CLABSI rates were generated using both NHSN and 
mCLABSI definitions. HABSIs that met the criteria outlined 
above were considered secondary under the mCLABSI con­
struct. Central line-days were manually counted per the 
NHSN definition, and patient-days were obtained from an 
administrative database. Pathogens and rates per patient-days 
were compared for the period January 1, 2010, through June 
30, 2011. CLABSI rates for the BMT unit were compared for 

the period January 1, 2010, through June 30, 2011, while 
CLABSI rates for the leukemia unit were compared for the 
period September 1, 2010, through June 30, 2011 (the period 
when line-days were available for the leukemia unit). 

The BMT database was queried to identify all admissions 
that occurred during the observation period for allogeneic 
(alloBMT) and autologous (autoBMT) recipients. CLABSIs 
that occurred in these specific patient populations were iden­
tified from an infection prevention database, and an attack 
rate was calculated. 

RESULTS 

During the observation period, there were 1,424 admissions 
comprising 18,909 patient-days. HABSI rates are shown in 
Table 1. There were 54 HABSIs in the BMT population, with 
a rate of 6.1 per 1,000 patient-days, and 118 HABSIs on the 
leukemia unit, with a rate of 11.7 per 1,000 patient-days. 
Applying the NHSN definition to the BMT unit identified a 
primary rate of 5.6 and a secondary rate of 0.6 per 1,000 
patient-days. There was no significant difference between the 
total HABSI rate and the primary BSI rate. Applying the 
mCLABSI definition to the BMT unit identified a primary 
rate of 1.9 per 1,000 patient-days and a secondary rate of 4.2 
per 1,000 patient-days (P< .001 for the comparison of the 2 
primary and secondary rates). 

Applying the NHSN definition to the leukemia unit iden­
tified a primary BSI rate of 10.3 per 1,000 patient-days and 
a secondary rate of 1.4 per 1,000 patient-days. With this 
definition, there was no significant difference between the 
total HABSI rate and the primary HABSI rate. Under the 
mCLABSI definition the leukemia unit's primary rate was 3.6 
per 1,000 patient-days, and the secondary rate was 8.1 per 
1,000 patient-days (P< .001 for the comparison of the 2 pri­
mary and secondary rates). 

By the NHSN definition the CLABSI rate on the BMT unit 
was 6.0 per 1,000 line-days, and by the mCLABSI definition 
the rate was 2.0 per 1,000 line-days (P< .001). On the leu­
kemia unit, the NHSN CLABSI rate was 14.4 per 1,000 line-
days, and the mCLABSI rate was 8.2 per 1,000 line-days 
(P = .009; Table 2). 

The top 3 CLABSI pathogens by the NHSN definition were 
Enterococcus species (n — 57), Klebsiella species (n = 22), 
and Escherichia coli (n = 16). The top 3 CLABSI pathogens 
by the mCLABSI definition were coagulase-negative Staph­
ylococcus (CONS; n = 22), Pseudomonas aeruginosa (n = 
12), and Staphylococcus aureus (n — 5). The difference in the 
incidence of CONS as cause of CLABSI under the 2 defini­
tions was statistically significant (P< .001). 

The attack rate of CLABSI was 11.6 per 100 admissions for 
alloBMT recipients and 4.2 per 100 admissions for autoBMT 
recipients by the NHSN definition. By the mCLABSI definition 
the alloBMT attack rate was 3.5 per 100 admissions, and the 
autoBMT rate was 1.9 per 100 admissions (P = .34; Table 2). 
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TABLE 2. Central Line-Associated Bloodstream Infection 
(CLABSI) Incidence Densities for the Bone Marrow Trans­
plant (BMT) and Leukemia Units by National Healthcare 
Safety Network (NHSN) and Modified CLABSI Definitions 
and CLABSI Attack Rates for Allogenieic and Autologous 
BMT Recipients 

NHSN Modified P 

Incidence density 
BMT unit 6.0 2.0 <.001 
Leukemia unit* 14.4 8.2 .009 

Attack rate 
Allogeneic BMT 11.6 3.5" 
Autologous BMT 4.2 1.9b 

NOTE. Incidence density is given as cases per 1,000 central 
line-days, and attack rate is given as cases per 100 admissions. 
a Central line-days were available for the period September 
1, 2010, through June 30, 2011. 
b P = .34 for the comparison of the modified definition be­
tween allogeneic and autologous transplant patients. 

D I S C U S S I O N 

The HABSI surveillance activity of infection prevention pro­
grams is most effective when it results in reliable, actionable 
data that are effectively communicated. To contribute to an 
ongoing improvement project aimed at reducing catheter-
related bloodstream infections in patients with hematologic 
malignancies, we developed an mCLABSI definition to ac­
count for the inherent risk of HABSI due to translocation. 
Recently, Tomlinson et al6 reported the variation in definitions 
used in research studies of bloodstream infections related to 
CVCs in patients with cancer. Their review reinforces the 
known difficulty in constructing a valid definition of CVC-
related HABSI. 

It is generally accepted that surveillance definitions over­
estimate the incidence of device-related infections.7 Our ex­
perience confirms this, as there was no significant difference 
between the total HABSI rate and the primary BSI rate (a 
proxy for CLABSI rates) on either the BMT unit or the leu­
kemia unit. This demonstrates a weakness of the current 
NHSN definition. The validity of our approach is supported 
by the pathogens attributed to line-related infection under 
our modification. Two of the pathogens identified most fre­
quently as the cause of CLABSI by our mCLABSI definition 
were staphylococci, organisms commonly associated with 
CVC-related infection. This is in contrast to the identification 
of enterics as the most frequent causative pathogens by the 
NHSN definition, organisms associated with translocation in 
patients who have received chemotherapy. 

The similarity in CLABSI attack rates among alloBMT re­
cipients and autoBMT recipients further supports the validity 
of our mCLABSI definition. The lack of a significant differ­
ence in rates among these 2 distinct clinical populations ar­
gues that CLABSIs under the modified construct are due to 
factors common across patients—the presence of a CVC and 

the need for optimal maintenance of it—as opposed to the 
unique disease process and its treatment. Finally, our defi­
nition was developed in consultation with physicians involved 
in the care of this special patient population. A practical 
benefit of this internal validity is that it was accepted as a 
metric for an improvement project rooted in prompt event 
review by the treating team. 

There are limitations to our approach. The mCLABSI def­
inition was generated to avoid misclassification (or "over-
calling") of HABSIs as CLABSIs that clinically most likely 
were not. Our modified approach runs the risk of "under-
calling" CVC-related events, a trade-off of sensitivity for spec­
ificity. In addition, this was not a blinded study, raising the 
question as to whether there was increased documentation 
of mucositis. There are also limitations in the generalizability 
of the mCLABSI definition, as it requires an infection pre-
ventionist to have familiarity with the clinical care of this 
patient population, a resource that may not be available in 
all settings. We also did not objectively define neutropenia, 
mucositis, and the degree of graft-versus-host disease because 
it was not necessary to do so for our internal purposes. Broad 
application of this approach across different institutions 
would most likely require objective criteria to decrease var­
iability in definition interpretation and its effect on reported 
rates. To a certain extent this is likely unavoidable no matter 
how proscriptive a definition is, as variability in surveillance 
results among infection preventionists has been shown with 
current NHSN definitions.8 

Not unexpectedly, application of the mCLABSI definition 
resulted in lower CLABSI rates, a relevant finding in an era 
of public reporting. We estimate that application of the 
mCLABSI definition to our medical intensive care unit (ICU) 
service would affect up to 10% of our reported CLABSIs. 
Public reporting to the NSHN of CLABSIs occurring outside 
the ICU is not required at this time. If it were, under current 
definitions the non-ICU rate at our institution would be 40% 
higher than what would be found with our mCLABSI defi­
nition. Originally, surveillance constructs were applied across 
institutions to generate important epidemiological informa­
tion and generalizable knowledge. Now, publicly reported 
rates are inextricably linked to hospital reimbursement and 
reputational risk. If surveillance definitions are to be contin­
ually used as representations of the quality of care provided, 
a revisiting of the methodological approach will be required. 
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