
Attributable Cost and Length of Stay for Central
Line–Associated Bloodstream Infections

WHAT’S KNOWN ON THIS SUBJECT: Central line–associated
bloodstream infections (CLABSI) are common types of hospital-
acquired infections associated with high morbidity and cost. In
recent years, quality improvement initiatives have demonstrated
how to reduce the incidence of CLABSI.

WHAT THIS STUDY ADDS: This study presents nationally
representative estimates of the cost and length of stay
attributable to pediatric CLABSI. We make the business case to
justify quality improvement prevention initiatives and the
adoption of strategies for cost-effective management of CLABSI.

abstract
BACKGROUND AND OBJECTIVE: Central line–associated bloodstream
infections (CLABSI) are common types of hospital-acquired infections
associated with high morbidity. Little is known about the attributable
cost and length of stay (LOS) of CLABSI in pediatric inpatient settings.
We determined the cost and LOS attributable to pediatric CLABSI from
2008 through 2011.

METHODS: A propensity score–matched case-control study was
performed. Children ,18 years with inpatient discharges in the
Nationwide Inpatient Sample databases from the Healthcare Cost and
Utilization Project from 2008 to 2011 were included. Discharges with
CLABSI were matched to those without CLABSI by age, year, and high
dimensional propensity score (obtained from a logistic regression of
CLABSI status on patient characteristics and the presence or absence
of 262 individual clinical classification software diagnoses). Our main
outcome measures were estimated costs obtained from cost-to-charge
ratios and LOS for pediatric discharges.

RESULTS: The mean attributable cost and LOS between matched CLABSI
cases (1339) and non-CLABSI controls (2678) was $55 646 (2011
dollars) and 19 days, respectively. Between 2008 and 2011, the rate
of pediatric CLABSI declined from 1.08 to 0.60 per 1000 (P , .001).
Estimates of mean costs of treating patients with CLABSI declined
from $111 852 to $98 621 (11.8%; P , .001) over this period, but
cost of treating matched non-CLABSI patients remained constant at
∼$48 000.
CONCLUSIONS: Despite significant improvement in rates, CLABSI
remains a burden on patients, families, and payers. Continued atten-
tion to CLABSI-prevention initiatives and lower-cost CLABSI care
management strategies to support high-value pediatric care
delivery is warranted. Pediatrics 2014;133:e1525–e1532
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Hospital-acquired infections (HAIs) harm
hospitalized patients and reduce the
value of care. Central line–associated
bloodstream infections (CLABSIs) are
common types of HAIs that are associ-
ated with particularly high morbidity
and cost.1,2 The Joint Commission
defines CLABSI as “a primary blood-
stream infection (that is, there is no
apparent infection at another site) that
develops in a patient with a central line
in place within the 48-hour period be-
fore onset of the bloodstream infection
that is not related to infection at an-
other site.”3 Published estimates of
attributable costs of CLABSI in adult
patients have varied over years and
across hospital settings,4,5 with 2010
estimates of $50 094 per event from 1
tertiary care, academic medical cen-
ter.6 A pediatric study found an attrib-
utable 2008 dollar cost of $33 039 per
CLABSI in a sample of 22 critically ill
children.7

Quality improvement collaboratives,
largely based in ICUs, have demon-
strated that most CLABSIs are prevent-
able. Michigan’s Keystone ICU project
achieved and sustained a 60% reduc-
tion in CLABSI rates in adult ICUs, resulting
in 1500 lives saved and $200 million in
health cost savings over 18 months.8,9

A 43% reduction was subsequently
achieved by a pediatric ICU quality im-
provement collaborative.10

Several government initiatives are
intended to reduce the rate of HAIs,
including CLABSIs. The Department of
Health and Human Services oversees 2
of these initiatives: the 2009 HHS Action
Plan to Prevent Healthcare-Associated
Infections11 and the 2011 Partnership
for Patients.12 These initiatives enlist
voluntary participation from providers
and hospitals. In addition, government
legislation disallowing Medicare (2008)
and Medicaid (2012) reimbursement
for low-quality care (eg, the costs as-
sociated with hospital-acquired CLABSI)
is intended to support the high-value

objective. Although several studies
have found little impact of nonpayment
on quality improvement,13,14 the use of
nonpayment as a policy tool to deter
low quality suggests that the excess
costs associated with the occurrence
of a provider-induced injury or illness
are sufficiently high to provide incen-
tives against HAI.

Despite government initiatives to pro-
mote the adoption of best-evidence
practices to reduce HAIs, the variabil-
ity ofHAI ratesacrosshospitals remains
high.10 Hospitals that do not participate
in quality improvement collaboratives
to reduce HAIs may be unable to repli-
cate the successes of those identified
in the literature due to resource, or
other, constraints. Missing from the
literature are up-to-date, hospital-wide,
and nationally representative attribut-
able costs and length of stay (LOS)
estimates for the burden of pediatric
CLABSI. Understanding the business
case for pediatric CLABSI reduction
will help hospitals justify needed re-
sources.

We aimed to determine the costs and
LOS burden attributable to pediatric
CLABSI from 2008 to 2011. Over this
period, CLABSI-prevention practices,
including those effectively demon-
strated in Michigan’s Keystone ICU
project, should have been widely
translated and adopted. In addition, we
explored patient-level characteristics
associated with pediatric CLABSI. We
hypothesized that as adoption contin-
ued to spread across hospitals, CLABSI
rates would continue to decline be-
tween 2008 and 2011, but attributable
costs and LOS of pediatric CLABSI, as
with adult inpatient populations,15–18

would still be substantial and sufficient
to target more widespread and in-
tensive CLABSI-prevention initiatives
and cost-effective management strate-
gies to support high-value care de-
livery.

METHODS

Data Source

Datawereobtained fromannual 2008 to
2011 Nationwide Inpatient Sample (NIS)
databases from the Healthcare Cost
and Utilization Project (HCUP) spon-
sored by the Agency for Healthcare
Research and Quality (AHRQ). The NIS
contains complete inpatient discharge
information for a representative sam-
ple of∼20% of US community hospitals
each year. Discharge- and hospital-
level weights allow for national esti-
mates of event frequency.19

Inclusion and Exclusion Criteria

The study sample consisted of all dis-
charge records for children,18 years
of age who met criteria for inclusion in
the calculation of the pediatric quality
indicator (PDI) rate for CLABSI.20 These
criteria excluded all discharges in which
the principal diagnosis was CLABSI, as
thesewere likely non–hospital-acquired
CLABSI or CLABSI that was the result of
a previous hospital stay. Per AHRQ PDI
methods, healthy newborns, neonates
with birth weight,500 g, visits with an
LOS ,2 days, and pregnancy-related
visits were excluded. We further ex-
cluded discharges with missing age,
gender, or principal diagnosis.

We focused on overall cost and LOS for
a complete hospital episode of care;
hence, we also excluded all discharges
that indicated that the patient died in
hospital or transferred in from, or out
to, another hospital. We restricted the
analysis to discharge records with
nonmissing costs and LOS (.99%).

Main Outcomes

Estimated inpatient costs and actual
LOS were the main outcomes studied.
We converted inpatient charges to es-
timated standardized costs using cost-
to-charge ratio files obtained from
HCUP for better comparability because
charges poorly represent resource use
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and vary widely across hospitals. Each
year of costs was adjusted to 2011
dollars using the Bureau of Labor Sta-
tistics’ consumer price indices for
hospital services between 2008 and
2011.21

CLABSI Main Predictor and Other
Covariates

CLABSI diagnosis was the main expo-
sure and predictor of cost and LOS
under study. It was defined as any
discharge where 1 of 14 secondary di-
agnoses contained an International
Classification of Diseases, Ninth Re-
vision, Clinical Modification (ICD-9-CM)
diagnosis code of 999.31 (central ve-
nous catheter infection) or 999.32
(bloodstream infection due to central
venous catheter). CLABSI rate denom-
inator and numerator designations
were compiled by using the AHRQ
March 2012 release (Version 4.4) of the
PDI SAS software program (http://www.
qualityindicators.ahrq.gov/software/SAS.
aspx) (SAS Institute, Inc, Cary, NC).

Estimatesof hospital inpatient costs and
LOS were obtained after adjusting for
patient-mix covariates (discharge year,
age, gender, race/ethnicity, and in-
surance status) in all statistical models.
AHRQ’s PDI SAS program that identifies
CLABSI events recodes missing race/
ethnicity values as “Other” for hospi-
tals and states that do not record these
data. We also re-categorized Asian or
Pacific Islander and Native American
children as “Other” because of small
category numbers. Insurance status
includes categories in which the pri-
mary payer is private, Medicaid, un-
insured (self-pay), and other. The
constructed “Other” insurance category
includes discharges covered by Medi-
care, explicitly listed as no charge or
other, and missing.

To account for severity and medical
complexity of patients, we derived a
propensity score for acquiring a CLABSI
using logistic regression where CLABSI

(yes/no) was the dependent variable
and age, gender, race/ethnicity, in-
surance status, year of discharge, and
dichotomous indicators of clinical
classificationsoftware (CCS)diagnoses
were the covariates.22 CCS is a software
tool that aggregates ICD-9-CM diag-
noses codes into higher levels of clini-
cal classifications. A single-level CCS
classification is included on the NIS for
each diagnosis that is listed on the
discharge record. For each CCS clas-
sification, we created a dichotomous
variable (coded as 1 if the classification
was listed on the NIS discharge record,
0 otherwise). We included 262 dichot-
omous non–E-code related CCS cova-
riates in the logistic regression model
predicting risk of CLABSI. We did not
include the CCS category that included
the CLABSI diagnosis.

Statistical Analyses

In the descriptive analysis, we calcu-
lated theweighted incidenceand rate of
CLABSI by patient characteristic cate-
gories. Based ona logistic regression in
which CLABSI status is regressed on
patient characteristics and dichoto-
mous clinical classifications, we also
present the adjusted odds ratios (with
95% confidence intervals) for CLABSI
by comparing patient characteristics
across categories and themedian (with
interquartile range) adjusted propen-
sity scores. To demonstrate that certain
clinical classifications are highly pre-
dictiveofCLABSI,wepresent the10most
significant with an incidence of at least
10 in the study population.

Each CLABSI case was matched with 2
controls (no CLABSI) by age group, year,
and propensity score by using a greedy
matching algorithm.23 We successfully
matched 2 controls for 1339 (98.6%) of
1358 CLABSI cases. The 19 unmatched
cases were uniquely characterized with
multiple comorbid diagnoses and a
very high risk for CLABSI. Of those
matched, the mean relative percentage

difference in propensity score between
cases and controls was ,1.0% (data
not shown). The matching of dis-
charges with an indication of CLABSI to
those without and by using an appro-
priate statistical analytical technique
to account for the cost and LOS dis-
tributions reduce potential biases in
least-squares means results.

A generalized linearmixedmodel (PROC
GLIMMIX in SAS/STAT software) was
used to estimate and compare costs
and LOS between CLABSI cases and
matched controls. A Gamma distribu-
tion with a log link function was used to
model cost, whereas LOS was modeled
by using a negative binomial distribu-
tion. The CLABSI (yes/no) indicator was
the main predictor. Other covariates
included age, gender, race/ethnicity,
insurance, year, propensity score (to
account for variability across the
matched groups), and interactions for
CLABSI by age, gender, race/ethnicity,
insurance category, and year. Match-
ing of case and controls was taken into
account by introducing a random effect
for the matching identifier. Least-
squares estimates and P values were
obtained from the fitted models.

To evaluate the association between
propensity score and resource use, we
profiled estimated adjustedmean costs
and LOS by CLABSI status within quin-
tiles of increasing propensity score
values. To achieve this, we substituted
the continuous propensity score with
the associated propensity score quin-
tile variable in the case-control ad-
justed model and calculated the least
squares means for costs and LOS by
CLABSI status and propensity score
quintile.

Descriptive analyses included pop-
ulation weights and hospital strata to
account for the NIS sampling design. All
analyses were performed by using SAS
Enterprise Guide 4.3 (SAS Institute, Inc).
All statistical tests were evaluated with
a 2-sided 5% significance level.
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RESULTS

In the combined 4-year analytical
datasetof childrenat risk forCLABSI,we
analyzed 1 670 140 pediatric inpatient
discharge records representing 8 215
758 population-weighted discharges.
Hospital-acquired CLABSI was listed on
1358 discharge records, representing
an estimated 6708 cases.

Pediatric CLABSI rates varied across
age, gender, race/ethnicity, and in-
surance status (Table 1). Children aged
1 to 4 years, boys, African American
children, and those with an insurance
status of “Other” were disproportion-
ately more likely to experience a CLABSI
within each patient characteristic. In
general, higher median propensity
scores were associated with higher

adjusted odds of acquiring a CLABSI. A
notable exception is where African
American children have a lower score
than Hispanic children, but have higher
adjusted odds and rate. A number of
clinical classifications (many cancer-
related) reflective of the acuity of the
condition and comorbidities are signif-
icantly associated with CLABSI. Consis-
tent with high acuity and comorbidity,
children with these conditions are
a priori at higher risk for CLABSI and are
more likely to experience CLABSI.

Across all categories of age, gender,
race/ethnicity, insurance status, and
year of discharge, the adjusted mean
attributable cost and LOS difference for
children acquiring a CLABSI was sig-
nificantly higher (P, .05) than similar

children not acquiring a CLABSI (Tables
2 and 3). Overall, a CLABSI was associ-
ated with a mean attributable cost of
$55 646 and attributable LOS of 19 days
(both P , .001). A CLABSI experienced
by a neonate was associated with a
mean attributable cost difference of
$90 221 and LOS difference of 31.5
days compared withmatched neonates
who did not acquire a CLABSI. Un-
insured patients who acquired a CLABSI
had higher mean attributable costs
($83 409) than privately insured patients
($41 990; P, .05), despite having lower
overall rates and risk of CLABSI. A
CLABSI acquired by an uninsured child
was associated with a mean attribut-
able LOS of approximately 4 weeks
(28.8 days; P , .05).

TABLE 1 Adjusted CLABSI Incidence, Rate, and Adjusted Risk of CLABSI by Child Demographics, Insurance, and Year of Inpatient Discharge Categories
and Clinical Conditions, 2008–2011

Patient Characteristics Category Weighted n with CLABSI Actual Rate per 1000 AOR (95% CI) Propensity Score 31000, Median (IQR)

Age, y Neonate 1336 0.351 0.80 (0.70–0.93) 0.104 (0.054–0.214)
,1 1002 0.887 1.02 (0.91–1.14) 0.217 (0.110–0.469)
1–4 1916 1.737 1.62 (1.48–1.77) 0.326 (0.147–0.741)
5–12 1427 1.258 1.23 (1.13–1.34) 0.200 (0.093–0.484)
13–17 1027 0.983 reference 0.143 (0.057–0.355)

Gender Male 3863 0.873 1.17 (1.11–1.23) 0.161 (0.075–0.369)
Female 2845 0.750 reference 0.140 (0.064–0.323)

Race/ethnicity White 2733 0.779 reference 0.150 (0.070–0.336)
Black 1085 0.897 1.33 (1.23–1.43) 0.173 (0.079–0.411)
Hispanic 1708 1.122 1.29 (1.21–1.38) 0.182 (0.084–0.429)
Other 1183 0.599 0.88 (0.82–0.94) 0.123 (0.058–0.273)

Insurance Private 2440 0.692 reference 0.137 (0.065–0.303)
Public 3752 0.924 1.15 (1.09–1.21) 0.169 (0.078–0.394)
Uninsured 76 0.254 0.62 (0.49–0.77) 0.072 (0.035–0.150)
Other 441 1.344 1.35 (1.22–1.50) 0.209 (0.095–0.515)

Year 2008 2201 1.084 reference 0.241 (0.116–0.511)
2009 1384 0.670 0.59 (0.55–0.64) 0.137 (0.066–0.292)
2010 1983 0.892 0.65 (0.61–0.69) 0.160 (0.076–0.364)
2011 1140 0.600 0.43 (0.40–0.46) 0.096 (0.045–0.216)

Overall 6708 0.817 0.151 (0.070–0.347)
Clinical classifications (referent class does not have condition)
Other injuries and conditions due to external causes 5.91 (5.59–6.32) 3.236 (1.761–6.063)
Cancer; other and unspecified primary 5.52 (4.78–6.40) 3.396 (1.782–7.595)
Leukemias 5.04 (4.58–5.54) 3.116 (1.543–8.424)
Respiratory distress syndrome 4.75 (4.23–5.35) 1.220 (0.505–3.038)
Phlebitis; thrombophlebitis and thromboembolism 4.44 (4.00–4.93) 4.604 (1.306–16.112)
Cancer of other gastrointestinal organs; peritoneum 4.06 (2.84–5.79) 3.129 (1.384–8.418)
Burns 3.72 (2.80–4.94) 0.655 (0.425–1.156)
Mycoses 3.72 (3.45–4.00) 1.376 (0.563–4.558)
Cancer of brain and nervous system 3.70 (3.14–4.35) 1.915 (0.917–4.640)
Regional enteritis and ulcerative colitis 3.60 (3.14–4.34) 1.036 (0.513–2.481)

Neonates are children born in the hospital with complications. The median propensity score by variable category is the point where one-half of discharges associated with the category have
a lower, and one-half have a higher probability of incurring a CLABSI.
CI, confidence interval; AOR, unadjusted odds ratio with CLABSI (1-yes, 0-no) as the logistic regression outcome; IQR, interquartile range.
Source: Nationwide Inpatient Sample, 2008–2011.
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TABLE 2 Estimated Cost (in 2011 Dollars) With 95% Confidence Intervals by CLABSI and Patient Characteristics

Patient Characteristics Category Estimated Cost Difference Relative Difference Ratio

CLABSI No CLABSI (95% Confidence Interval) (95% Confidence Interval)

Age, y Neonate 206 982a 116 761a 90 221 (45 036–135 406) 1.77 (1.37–2.37)
,1 116 862 57 168b 59 693 (33 667–85 719) 2.04 (1.46–2.80)
1–4 70 374a 30 554a 39 820 (26 944–52 696) 2.30 (1.73–3.02)
5–12 76 429a 33 871a 42 558 (27 800–57 316) 2.26 (1.67–2.99)
13–17 93 288 38 064a 55 224 (36 092–74 356) 2.45 (1.76–3.33)

Gender Male 102 898 49 356 52 505 (34 486–70 524) 2.04 (1.58–2.62)
Female 105 011 42 725 58 711 (40 752–76 670) 2.27 (1.74–2.92)

Race/ ethnicity White 95 248 45 312 49 936 (32 948–66 924) 2.10 (1.61–2.72)
Black 103 224 47 010 56 214 (34 267–78 161) 2.20 (1.58–2.98)
Hispanic 108 703 53 161b 55 542 (34 022–77 063) 2.05 (1.52–2.71)
Other 109 246 48 073 61 173 (39 451–82 895) 2.27 (1.67–3.04)

Insurance Private 93 869 51 879 41 990 (31 278–52 702) 1.81 (1.54–2.11)
Public 105 970 51 465 54 505 (45 230–63 780) 2.06 (1.81–2.33)
Uninsured 124 505 41 096 83 409 (4550–162 268) 3.03 (0.98–8.41)
Other 94 273 49 612 44 661 (22 066–67 256) 1.90 (1.32–2.62)

Year 2008 111 852 48 369 63 483 (43 567–83 399) 2.31 (1.75–3.01)
2009 112 588 54 112b 58 476 (35 046–81 906) 2.08 (1.52–2.79)
2010 94 011 43 431b 50 580 (33 147–68 013) 2.17 (1.63–2.83)
2011 98 621 47 888 50 733 (30 523–70 943) 2.06 (1.51–2.75)

Overall 103 949 48 303 55 646 (38 785–72 507)c 2.15 (1.69–2.72)c

Estimated costs are obtained from awell-fit (P, .001) generalized linear mixed model regression with propensity score (P, .001), CLABSI status (P, .001), age (P, .001), and year (P, .05)
as significant predictors. Gender, race/ethnicity, insurance status, and CLABSI status by age, gender, race/ethnicity, insurance, and year interactions were also included in the model but not
significant predictors of cost.
Estimated cost for Difference = CLABSI – No CLABSI and Relative Difference Ratio = CLABSI 4 No CLABSI.
Source: Nationwide Inpatient Sample, 2008–2011.
a Significant difference between patient characteristic category and mean of other categories at P , .001.
b Significant difference between patient characteristic category and mean of other categories at P , .05.
c Significant overall difference at P , .001.

TABLE 3 Estimated Adjusted Mean LOS (in Days) by CLABSI and Patient Characteristics

Patient Characteristics Category Estimated LOS Difference Relative Difference Ratio

CLABSI No CLABSI (95% Confidence Interval) (95% Confidence Interval)

Age, y Neonate 91.8a 60.2a 31.5 (14.9–48.1) 1.52 (1.21–1.90)
,1 42.6b 23.3a 19.4 (11.7–27.0) 1.83 (1.42–2.33)
1–4 27.0a 10.7a 16.3 (12.6–20.0) 2.53 (2.04–3.12)
5–12 24.1a 11.0a 13.2 (9.5–16.8) 2.20 (1.75–2.74)
13–17 27.9a 12.1a 15.8 (11.3–20.3) 2.30 (1.80–2.92)

Gender Male 36.1 18.5 17.6 (12.6–22.5) 1.95 (1.60–2.36)
Female 38.3 17.9 18.2 (13.3–23.1) 2.02 (1.65–2.45)

Race/ ethnicity White 35.6 17.1 18.5 (13.6–23.4) 2.08 (1.70–2.54)
Black 41.0 19.2 21.7 (15.0–28.5) 2.13 (1.66–2.70)
Hispanic 35.4 18.5 16.9 (11.3–22.4) 1.91 (1.53–2.38)
Other 37.1 18.0 19.1 (13.2–25.0) 2.06 (1.63–2.58)

Insurance Private 31.4b 18.5 12.9 (10.1–15.7) 1.70 (1.50–1.91)
Public 38.8 19.4 19.4 (16.7–22.0) 2.00 (1.81–2.20)
Uninsured 46.0 17.2 28.8 (6.1–51.6) 2.67 (1.23–5.61)
Other 34.1 17.6a 16.5 (10.2–22.7) 1.93 (1.47–2.48)

Year 2008 40.5b 18.5 22.1 (16.4–27.7) 2.19 (1.78–2.69)
2009 36.6 19.3 17.3 (11.2–23.4) 1.89 (1.49–2.38)
2010 35.9 16.4b 19.4 (14.3–24.6) 2.18 (1.76–2.69)
2011 36.0 18.7 17.3 (11.4–23.2) 1.93 (1.53–2.41)

Overall 37.2 18.2 19.0 (14.3–23.8)c 2.05 (1.70–2.60)c

Estimated LOS is obtained from a well-fit (P, .001) generalized linear mixed model regression with propensity score (P, .001), CLABSI status (P, .001), age (P, .001), CLABSI status by age
(P , .001), race/ethnicity (P , .05), insurance status (P , .001), and year (P , .05) as significant predictors. Gender and CLABSI status by gender, race/ethnicity, insurance, and year
interactions were also included in the model but not significant predictors of LOS.
Estimated LOS for Difference = CLABSI – No CLABSI and Relative Difference Ratio = CLABSI 4 No CLABSI.
Source: Nationwide Inpatient Sample, 2008–2011.
a Significant difference between patient characteristic category and mean of other categories at P , .001.
b Significant difference between patient characteristic category and mean of other categories at P , .05.
c Significant overall difference at P , .001.
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Between 2008 and 2010, mean adjusted
cost estimates for patients with a
CLABSI declined from $111 852 to
$94 011, but increased slightly again
in 2011 to $98 621 (economically but
not statistically significant due to high
variability). For patients who do not
acquire CLABSI, mean adjusted cost
estimates did not decline between
2008 ($48 369) and 2011 ($47 888).
Similar results are noted for esti-
mated mean LOS.

Table 4 presents mean adjusted cost
and LOS estimates for discharges as-
sociated with each quintile of in-
creasing propensity score. In general,
estimated attributable costs and LOS
differences do not increase uniformly
as propensity score quintile increases;
however, relative difference ratios are
consistently higher in lower propensity
score quintiles. Costs associated with
inpatient stays for children with CLABSI
are 3.73 times higher (relative differ-
ence ratio) for children in the lowest
quintile than for children in the same
propensity score percentile who do not
acquire CLABSI. This ratio drops to 1.35
for children in the highest quintile. A
similar trend is observed for LOS.

DISCUSSION

Our estimated cost and LOS differences
attributable topediatricCLABSI indicate

that large potential cost savings asso-
ciated with decreased CLABSI rates and
better CLABSI care management exist.
We estimated a mean attributable cost
of $55 646 (Table 2) and increased LOS
of 19 days.

Cost savings potential are greatest
among children in lower propensity
score quintiles. This is most evident
viewing relative difference ratios. Hos-
pitals may find it beneficial to target
quality improvement efforts and vigi-
lance toward understanding and im-
plementing CLABSI prevention in lower
quintiles of the propensity score dis-
tribution. Reducing CLABSI in children
who would otherwise have short LOS
not only saves more money, but also
creates more turnover for revenue-
generating inpatient “first days” (as-
suming hospitals staff beds based on
full census).7 Along with prevention, we
note potential saving in cost from the
care management of CLABSI. There was
a decrease in estimated cost of 11.8%
($111 852 in 2008 to $98 621 in 2011) of
treating CLABSI but a negligible de-
crease in the cost of treating patients
who do not acquire CLABSI over the
same time.

Our findings identify 2 patient groups to
flag for increased attention to CLABSI
prevention vigilance: neonates and
uninsured patients. Neonates and un-
insured patients have low risk and low

rates of CLABSI, but have high treatment
cost and LOS when CLABSI is acquired.
Likewise, strategies for improved man-
agement of these patients if they ac-
quire CLABSI suggest potential cost
savings. In addition, understanding the
higher risk associated with 1- to 4-year-
olds and targeting improvement ini-
tiatives toward this group may reduce
the burden of CLABSI and have spillover
effects to all patients at risk.

We found that CLABSI rates can be re-
duced, not only in ICU settings, as pre-
viously reported, but also in anationally
representative sample that includes
children outside of the ICU who are at
risk for CLABSI. We observed a 45%
overall reduction in CLABSIs over our
4-year study (1.084 per 1000 in 2008 to
0.600 per 1000 in 2011), similar to the
43% reduction found in the largest
pediatric improvement collaborative
but below the 60% reduction attained in
the Keystone ICU project. This decrease
also suggests that significant reduc-
tions in CLABSIs are possible without
participation in a quality improvement
collaborative network or real-time in-
fection data that were identified as
potential sources for the success of the
Keystone project.24

On average, we found that a CLABSI cost
$55 646 (in 2011 dollars) and prolonged
LOS by 19 days. Differences in estimates
between previous studies and ours are
likely not only because of different
populations and study years, but also
because of different methods for
matching patients with CLABSI to those
who do not acquire CLABSI. The use of
matching by propensity score allows
for more precise comparison between
patients where estimated differences in
cost and LOS are due to CLABSI. To our
knowledge, the only study to estimate
cost of hospital-acquired bloodstream
infections (a somewhat different event)
by using a matched case-control
methodology (by age, gender, and pri-
mary diagnosis on admission, but not

TABLE 4 Estimated Costs (in 2011 Dollars) and LOS (in Days) by Propensity Score Quintile

Difference Relative Difference Ratio
CLABSI No CLABSI (95% Confidence Interval) (95% Confidence Interval)

Estimated cost
Risk quintile
1 58 106 15 581 42 525 (32 967–52 083) 3.73 (2.80–4.88)
2 88 909 28 551 60 358 (45 970–74 746) 3.14 (2.37–4.04)
3 96 267 43 401 52 866 (35 218–70 514) 2.22 (1.67–2.89)
4 117 845 75 089 42 747 (17 621–67 873) 1.57 (1.18–2.05)
5 168 976 124 914 44 062 (4050–84 074) 1.35 (1.01–1.78)

Estimated LOS
Risk quintile
1 21.5 7.4 14.1 (11.2–17.0) 2.90 (2.32–3.59)
2 30.5 11.8 18.7 (14.7–22.8) 2.59 (2.09–3.17)
3 37.0 17.2 19.8 (14.4–25.1) 2.15 (1.73–2.65)
4 43.4 26.0 17.5 (10.5–24.5) 1.67 (1.35–2.06)
5 57.5 40.3 17.2 (6.9–27.6) 1.43 (1.14–1.77)
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propensity score) found a cost of
$62 992 per infection in an adult NIS
sample from 2003.2

Our study has limitations. NIS does not
have central-line days, precluding our
ability to identify theportionofdecreased
risk associated with decreased central-
line days per discharge. We nonethe-
less believe that the reductions in CLABSI
rates per discharge represent an im-
portant and meaningful rate for clini-
cians, researchers, and policymakers.

Conditions present on admission (POA)
are represented in the HCUP NIS only
beginning in the fourth quarter of 2008.
Evenafter this, the recordingof POA isnot
universal across hospitals and states.We
attempted to control for CLABSI POA by
excluding discharges where CLABSI was
listed as a primary diagnosis and/or in-
dicated the patient transferred in from
anotherhospital setting.Thepossibilityof

misclassification in administrative data,
particularly underidentification of CLAB-
SIs through ICD-9-CM diagnosis codes, is
an additional limitation. One study sug-
gests this may be particularly important
with estimates of neonatal CLABSI rate.25

We limited the number of controls that
were matched to each discharge case
with a CLABSI to 2 to maximize the
percentage of CLABSI cases matched to
non-CLABSI controls. The 19 cases that
were unmatched aremostly associated
with very high risk for CLABSI and very
high costs and LOS (data not shown).

Future research is needed to identify
how (internal procedures, processes,
and policies) many hospitals are suc-
ceeding in lowering pediatric CLABSI
risk and incidence while others con-
tinue to struggle. A rigorous trend
analysis will help identify the hetero-
geneity of CLABSI prevention and

treatment management across hospi-
tals. More specific research is also
warranted to look at the types of pro-
cedures performed that lead to CLABSI
and how the adoption of newer central
line devices, and technology in general,
affect CLABSI rates.

CONCLUSIONS

Ongoing payment reform initiatives
across all payers, such as moving from
fee-for-service to prospective payment,
claim denial for poor-quality care (in-
cluding hospital-acquired CLABSI), and
bundled payment for episodes of care
will shift more of the burden of attrib-
utable costs of CLABSI back to hospitals.
We have demonstrated a business case
for the adoption of best-evidence
practices to prevent, and, when nec-
essary, bettermanagepediatric CLABSI.
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