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Abstract

Previous work has suggested that central-line-associated bloodstream infection (CLABSI) is associated with increased costs and risk of

mortality; however, no studies have looked at both total and variable costs, and information on outcomes outside of the intensive-care unit

(ICU) is sparse. The aim of this study was to determine the excess in-hospital mortality and costs attributable to CLABSI in ICU and non-

ICU patients. We conducted a retrospective cohort and cost-of-illness study from the hospital perspective of 398 patients at a tertiary-care

academic medical centre from 1 January 2008 to 31 December 2010. All CLABSI patients and a simple random sample drawn from a list of

all central lines inserted during the study period were included. Generalized linear models with log link and gamma distribution were used to

model costs as a function of CLABSI and important covariates. Costs were adjusted to 2010 US dollars by use of the personal consumption

expenditures for medical care index. We used multivariable logistic regression to identify independent predictors of in-hospital mortality.

Among both ICU and non-ICU patients, adjusted variable costs for patients with CLABSI were c. $32 000 (2010 US dollars) higher on

average than for patients without CLABSI. After we controlled for severity of illness and other healthcare-associated infections, CLABSI was

associated with a 2.27-fold (95% CI 1.15–4.46) increased risk of mortality. Other healthcare-associated infections were also significantly

associated with greater costs and mortality. Overall, CLABSI was associated with significantly higher adjusted in-hospital mortality and total

and variable costs than those for patients without CLABSI.
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Introduction

Central lines constitute an important part of the treatment and

management plan for patients who require long-term dialysis,

nutritional support, or administration of medications such as

antibiotics or chemotherapeutic agents. Although the addi-

tional vascular access allowed by these devices improves the

ability to administer multiple therapies, there is also an

increased risk of infection. Patients who require long-term

venous access at baseline are sicker and require more care

than patients without a central line, and the development of a

bloodstream infection may result in substantial increases in

cost and the risk of mortality [1].

There are c. 90 000 new central-line-associated blood-

stream infections (CLABSIs) in the USA each year,

accounting for between 600 million and 2.7 billion US

dollars in annual direct costs [2]. Since 2008, the Center
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for Medicare and Medicaid Services has no longer reim-

bursed the costs of additional care required to treat certain

conditions (‘never events’) that develop in the hospital,

including CLABSIs and other catheter-associated infections

[3]. Reduced reimbursement places a significant financial

burden on hospitals, particularly tertiary-care facilities,

which tend to have higher rates of CLABSI, owing to the

more severe case mix and consequent greater device use

rates [4]. Given the increased financial burden, information

regarding the potentially avoidable cost of CLABSI from the

hospital perspective is critical for future evaluations of the

cost-effectiveness of candidate interventions to reduce the

incidence of CLABSI.

Economic evaluations of CLABSI have generated estimates

that vary widely, depending on the definition of the infection,

outcome variable, and study design [5–11]. Most published

studies documenting the cost of CLABSI have not distinguished

fixed from variable costs. However, as has been previously

discussed, including fixed costs in estimates of the excess cost

of healthcare-associated infection (HAI) may lead to an overly

optimistic estimation of how much money can be saved as a

result of infection control interventions [10,12]. In addition,

few studies have evaluated economic or clinical outcomes,

including mortality [1,7,13,14], outside of the intensive-care

unit (ICU). Therefore, the objective of this study was to

examine the relationship between CLABSI and total and

variable inpatient costs, as well as in-hospital mortality and 30-

day re-admission rates, in patients in ICU and non-ICU

settings.

Methods

Study design and data sources

The purpose of this study was to estimate the burden of

illness from the hospital perspective and other outcomes

related to CLABSI. We conducted a retrospective cohort

study of 398 patients hospitalized at the University of

Rochester Medical Center, a tertiary-care, academic medical

centre in Rochester, New York, between 1 January 2008 and

31 December 2010. Patients were eligible for the study if they

had a new central line inserted during hospitalization, but

were excluded if the new line was a replacement for an

infected line that was present on admission. Clinical informa-

tion was collected from electronic and paper medical records

with a structured data collection tool by trained reviewers.

Infection control data and administrative data on hospital

costs, charges, International Classification of Diseases, Revi-

sion 9 (ICD-9) codes and diagnosis-related groups (DRGs)

were obtained electronically.

Patient selection

We used radiological data to identify all patients who had

central lines inserted during a hospitalization during the study

period, as central lines required radiographic confirmation

before being approved for use. Patients who developed

CLABSI were identified through the National Healthcare

Safety Network (NHSN) database used by the infection

control program to track all CLABSIs in the facility. Patients

met the definition of CLABSI if they had a line in place on the

day before or on the day of a positive blood culture and either:

(i) had a recognized pathogen cultured from one or more

blood samples that could not be attributed to infection at

another site; or (ii) had a commensal organism isolated from at

least one blood sample and at least one sign or symptom (fever

of >38°C, chills or hypotension) that was not attributable to an

infection at another site [15]. All CLABSI cases were reviewed

by trained infection preventionists and confirmed by the

hospital epidemiologist, a board-certified infectious diseases

physician.

From the list of all central lines inserted in the institution

during the study period, we first identified patients who

developed CLABSI during admission (‘exposed’). All lines in

which CLABSI did not develop were considered as potential

control lines, except those contributed by patients who were

already chosen as ‘exposed’. From this list of eligible ‘unex-

posed’ lines, a simple random sample was chosen with a

random number generator. All CLABSI patients and the

selected ‘unexposed’ patients were included in the cohort, and

were followed forward to determine outcomes. Patients may

have had multiple qualifying lines inserted during the study

period. For CLABSI cases, we chose the line that was

associated with the infection. For control lines, we randomly

selected from all eligible lines. Once a line was selected, all

remaining lines for that patient were removed from the eligible

pool.

Outcome assessment

The primary outcome of this study was inpatient costs. Direct

inpatient costs can be divided into fixed costs and variable

costs. Fixed costs are those that cannot be avoided in the

short term, and include things such as facility maintenance,

equipment, and labour. In contrast, variable costs, such as

those for drugs and consumables, can be avoided and are

therefore more relevant to policy-makers in the realm of

hospital-acquired infections [12]. We modelled both total

(fixed and variable) costs and variable costs alone, which were

generated by hospital accountants using micro-costing meth-

ods for all services and goods consumed during hospitalization

[16]. Costs for patients who were hospitalized in 2008 or 2009

were adjusted to 2010 US dollars with the personal consump-
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tion expenditures index, a price index constructed by the US

Bureau of Economic Analysis that improves upon the com-

monly used medical component of the consumer price index

by including third-party payers and allowing for substitution

within the bundle of goods and services on which the index is

calculated [17].

The secondary outcomes in this study were all-cause in-

hospital mortality and 30-day re-admission rate. CLABSI-

specific mortality and re-admission were not collected,

because of the subjectivity in determining cause of death and

because of the unavailability of information on reason for re-

admission. In-hospital mortality was defined dichotomously as

death from any cause during hospitalization. Re-admission was

defined dichotomously as re-admission to the University of

Rochester Medical Center for any reason within 30 days of

discharge after the index hospitalization. Information on

admissions to other hospitals was not available, but the

frequency is likely to be low.

Covariates

Factors shown to independently predict cost in previous

economic evaluations of CLABSI were collected. In order to

account for patients who require more care, we collected

information to compute the Acute Physiologic and Chronic

Health Evaluation (APACHE) II score [18] at the time of line

insertion (�3 days) and the Deyo–Charlson Comorbidity

Index [19]. APACHE II was originally developed for use in the

ICU, but has been shown to predict mortality in both ICU and

non-ICU patients with bacteraemia [20]. We collected infor-

mation on DRGs, which is a method of classifying patients

according to severity and resource utilization during hospital-

ization [21]. Because the DRG system used to classify patients

varies by payer, the DRG system was recorded. The devel-

opment of other HAIs during hospitalization was identified on

the basis of clinical diagnosis recorded in the medical chart.

Major surgical procedures were identified from ICD-9 codes,

and classified by use of the Healthcare Utilization Project

procedure classification tool [22].

The presence of multiple catheters was defined as multiple

catheters in place at any time during the study period,

regardless of duration. For each patient, the number of days

spent in an ICU and the number of days spent in an

intermediate-care (‘step-down’) unit were tabulated. The

overall length of stay was computed as the time from

admission to discharge for all patients, and is the sum of days

spent in the ICU, step-down units, and on general medical

floors. Any ICU stay was defined as a dichotomous variable;

patients with one or more days spent in the ICU were

considered to be ICU patients. Missing ICD-9 codes or lack of

documentation in the chart was presumed to indicate the lack

of the procedure or condition of interest. There were no

other missing values. This study was reviewed and approved

by the University of Rochester’s Research Subjects Review

Board.

Data analysis

Multivariable cost models were implemented in Stata 12

(Stata, College Station, TX, USA). All other analyses were

conducted with SAS V9.3 (SAS, Cary, NC, USA). The clinical

characteristics and outcomes of patients with and without

CLABSI were compared across groups by the use of chi-

square tests for categorical variables and Wilcoxon rank sum

tests for continuous variables.

Total costs and variable costs (2010 US dollars) were

modelled with multivariable generalized linear models with a

log link, which allows modelling of skewed data without the

bias associated with retransformation or the difficulty of

interpreting estimates on the log scale [23]. Modified Park

post-tests were used to confirm that, in both models, the

gamma distribution was the most suitable choice [24]. All non-

outcome variables (shown in Table 1) were included in cost

models, and retained regardless of statistical significance,

except for overall length of stay and death, which were

considered to be intermediary variables. Average marginal (for

continuous variables) or incremental (for categorical variables)

effects were computed with the ‘margins’ command in Stata.

Separate cost models were constructed for ICU patients and

non-ICU patients.

Multivariable logistic regression was used to model the risk

of in-hospital mortality and 30-day re-admission as a function

of CLABSI and other covariates. Covariates were identified for

the model on the basis of an association with CLABSI in the

bivariate analysis at p <0.20, and were retained in the model

regardless of statistical significance. Variance inflation factors

were evaluated to detect problems with predictor collinearity

[25].

Results

On average, CLABSI patients were more likely to have had

other HAIs (67.5% vs. 30.4%, p 0.01) during hospitalization

than non-CLABSI patients (Table 1). CLABSI patients had a

greater severity of underlying illness as measured by the

APACHE II score at the time of line insertion, but there was

no difference in the Deyo–Charlson Comorbidity Index.

Patients also spent more time in the ICU and step-down

units, but there was no difference in patient race. The

unadjusted difference in variable hospital costs between

patients with CLABSI and those without CLABSI was
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c. $56 800. CLABSI patients were at higher risk of dying in the

hospital, but 30-day re-admission rates were similar between

the two groups.

Table 2 shows the characteristics of CLABSI patients in the

cohort. The median (interquartile range) pre-CLABSI length of

stay and post-CLABSI length of stay were 24.0 days

(30.0 days) and 18.0 days (27.0 days), respectively. The most

commonly isolated pathogens were coagulase-negative

Staphylococcus (32.5%) and Candida species (16.8%). CLABSI

complications, such as bacteraemia, occurred in c. 10% of

patients.

Table 3 shows results from the multivariable cost models

for non-ICU patients. Because the models used a log link

function, the coefficients can be interpreted as the percentage

change in costs for each one-unit increase in the independent

variable. After the effects of severity, presence of another HAI

and other covariates had been accounted for, non-ICU

patients with CLABSI had a 76% greater total cost than non-

ICU patients without CLABSI, which translates to c. $50 000.

Similarly, the presence of CLABSI was associated with 80%

greater variable costs than for patients without CLABSI,

corresponding to c. $33 000 in excess variable cost in our

sample. The presence of another HAI was significantly

associated with a 75% increase in variable costs. As shown in

Table 4, the absolute excess costs were nearly identical among

ICU patients. CLABSI was associated with c. $49 600 in excess

total costs and $32 400 in excess variable costs. However, this

resulted in smaller incremental effects, because total costs

were much higher for ICU patients than for non-ICU patients.

Each day spent in the ICU was associated with c. $1700 in

additional variable costs.

Between 1 January 2008 and 31 December 2010, 74

patients died during hospitalization, resulting in a mortality rate

of 18.6%. The results of the multivariable logistic regression

model for in-hospital mortality are shown in Table 5. In

bivariate analysis, CLABSI patients were at a four-fold

increased risk of dying. On multivariable analysis, only CLABSI,

other HAI and APACHE II score were independent predictors

of death. After other HAI, APACHE II and the presence of

multiple catheters had been controlled for, CLABSI patients

had a 2.27-fold (95% CI 1.15–4.46) greater risk of mortality

than non-CLABSI patients. There was no difference in the 30-

day re-admission rate on bivariate or multivariable (data not

shown) analyses.

Discussion

There has been substantial research on the design and

evaluation of interventions to reduce the risk of CLABSI,

and progress has been observed. The most recent NHSN

report shows a 58% decrease in ICU CLABSI rates from 2001

to 2008 [26]. Despite recent successes in the reduction of

TABLE 2. Characteristics of patients with central-line-asso-

ciated bloodstream infection (CLABSI) (n = 197)

Characteristic n %

CLABSI pathogen
Coagulase-negative Staphylococcus 64 32.5
Candida species 33 16.8
Klebsiella species 26 13.2
Escherichia coli 11 5.6
Enterococcus faecium 13 6.6
Other Enterococcus 36 18.3
Methicillin-resistant Staphylococcus aureus 13 6.6

Any CLABSI complicationsa during hospitalization 20 10.2
Recurrent bacteraemia 11 5.6
Other 9 4.6

Median IQR

Pre-CLABSI LOS (days) 24.0 30.0
Post-CLABSI LOS (days) 18.0 27.0
Total LOS (days) 43.0 54.0

CLABSI, central-line-associated bloodstream infection; IQR, interquartile range;
LOS, length of stay.
aDefined as infection with same pathogen between 72 h before and 30 days after
CLABSI diagnosis. Other complications included endocarditis, osteomyelitis, septic
arthritis, meningitis, and septic thrombophlebitis.

TABLE 1. Characteristics of the study population (n = 398)

Characteristic CLABSI No CLABSI p

No. of patients 197 201
Age (years), median (IQR) 58.0 (26.0) 59.0 (26.0) 0.30
Males, n (%) 131 (66.5) 116 (57.7) 0.07
Race, n (%)
White 138 (70.1) 155 (77.1) 0.26
Black 38 (19.3) 31 (15.4)
Other 21 (10.7) 15 (7.5)

Other HAI, n (%) 133 (67.5) 61 (30.4) 0.01
Dialysis, n (%) 48 (24.4) 28 (13.9) 0.01
Major surgery, n (%) 113 (57.4) 85 (42.3) <0.01
Multiple catheters, n (%) 66 (33.5) 17 (8.5) <0.0001
Overall length of stay
(days), median (IQR)

43.0 (54.0) 13.0 (18.0) <0.0001

1–7 1 (0.50) 49 (24.4)
>7 196 (99.5) 152 (75.6)

Days in step-down care, n (%)
None 121 (61.4) 174 (86.6) <0.0001
1–7 28 (14.2) 18 (9.0)
>7 48 (24.4) 9 (4.5)

Days in the ICU, n (%)
None 101 (51.3) 147 (73.1) <0.0001
1–7 33 (16.8) 32 (15.9)
>7 63 (32.0) 22 (11.0)

APACHE II score,
median (IQR)

14.0 (7.0) 11.0 (7.0) <0.0001

CCI, median (IQR) 2.0 (3.0) 2.0 (2.0) 0.23
DRG weight, median (IQR)
CMS-DRG (n = 179) 5.16 (8.59) 1.79 (2.75) <0.0001
AP-DRG (n = 177) 12.1 (23.4) 4.36 (7.88) <0.0001
APR-DRG (n = 42) 9.34 (21.3) 3.45 (4.68) <0.01

Outcomes
Total costs, USD 2010,
median (IQR)

118 823
(172 555)

25 976
(44 270)

<0.0001

Variable costs, USD 2010,
median (IQR)

72 563
(112 288)

15 846
(28 285)

<0.0001

30-day re-admission, n (%) 47 (33.3) 52 (28.4) 0.34
n at risk of re-admission 141 183

In-hospital mortality, n (%) 56 (28.4) 18 (9.0) <0.0001

APACHE II, Acute Physiologic and Chronic Health Evaluation version II; CCI,
Carlson Comorbidity Index; CLABSI, central-line-associated bloodstream infec-
tion; DRG, diagnosis-related group; HAI, healthcare-associated infection; ICU,
intensive-care unit; IQR, interquartile range; USD, United States dollars.
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CLABSI rates in the ICUs of those facilities contributing data

to the NHSN, significant work remains to reduce the impact of

these infections on our healthcare system. In an effort to

incentivize quality improvement, Medicare no longer reim-

burses for CLABSIs and other HAIs. However, studies suggest

that not all HAIs are preventable [27,28], and hospitals must

absorb the costs of CLABSIs for patients with Medicare

coverage. Therefore, estimates of the excess cost and

mortality potentially attributable to CLABSIs are critical to

estimate the financial impact of reduced reimbursement and to

evaluate the potential cost savings of new interventions.

We observed that CLABSI was associated with significantly

higher total and variable costs than those for patients without

CLABSI. On average, CLABSI was associated with c. $33 000

in excess variable costs, regardless of whether patients were in

the ICU or not. This figure is similar to some previously

published estimates. Pittet et al. [6] examined excess costs of

nosocomial bloodstream infections in a matched case–control

study of surgical ICU patients, and observed c. $41 000 (1994

US dollars) in excess total costs. In another analysis of

nosocomial bloodstream infections in the ICU setting, Digio-

vine et al. [8] observed that survivors with infections had more

than $34 000 (1995 US dollars) in excess costs relative to

patients without bloodstream infections. However, both

estimates arise from matched studies composed of ICU

patients who did not die during hospitalization. Both studies

analysed total direct costs rather than variable costs, and were

also conducted almost 20 years ago, limiting comparability

with our results.

Most of the previous research on the economics and

outcomes of CLABSI has been conducted exclusively among

ICU patients. Our study was conducted among both ICU and

non-ICU (general medical and step-down) patients of a large,

tertiary-care, academic hospital. We observed that, among

ICU patients, each additional day of ICU stay was associated

with c. $1700 in excess variable costs. Each day in the step-

down unit stay added c. $1280 in variable costs for ICU

patients, but there was no increase in cost per step-down day

Characteristic

Adjusteda total costs (2010 USD) Adjusteda variable costs (2010 USD)

Coefficient Excess cost p Coefficient Excess cost p

CLABSI 0.762 50 094 <0.0001 0.797 32 984 <0.0001
Other HAI 0.755 53 068 <0.0001 0.752 33 447 <0.0001
Major surgery 0.18 12 755 0.05 0.203 9524 0.03
APACHE II, per point 0.029 2121 <0.01 0.030 1384 <0.01
Age, per year �0.009 �639 0.01 �0.008 �383 0.01

APACHE, Acute Physiologic and Chronic Health Evaluation; CLABSI, central-line-associated bloodstream infection; HAI,
healthcare-associated infection.
aAll costs were modelled by generalized linear regression with log link and gamma distribution. In addition to the
variables listed in the table, estimates were also adjusted for gender, race, Charlson Comorbidity Index, number of days
in a step-down unit, presence of multiple catheters, diagnosis-related group (DRG) weight, and DRG system (AP-DRG,
CMS-DRG, or APR-DRG).

TABLE 3. Estimated adjusted

excess total and variable inpatient

hospital costs (2010 US dollars

(USD)) for patients with no inten-

sive-care unit stay (n = 248)

Characteristic

Adjusteda total costs (2010 USD) Adjusteda variable costs (2010 USD)

Coefficient Excess cost p Coefficient Excess cost p

CLABSI 0.198 49 618 0.04 0.211 32 412 0.03
Other HAI 0.561 122 217 <0.0001 0.595 78 832 <0.0001
Multiple catheters 0.362 96 000 <0.01 0.386 63 096 <0.01
ICU stay, per day 0.011 2921 <0.0001 0.011 1726 <0.0001
Step-down stay, per day 0.008 2111 <0.0001 0.008 1280 <0.0001

CLABSI, central-line-associated bloodstream infection; HAI, healthcare-associated infection.
aAll costs were modelled by generalized linear regression with log link and gamma distribution. In addition to the
variables listed in the table, estimates were also adjusted for gender, age, race, major surgical procedure, Acute
Physiologic and Chronic Health Evaluation (APACHE) II score, Charlson Comorbidity Index, diagnosis-related group
(DRG) weight, and DRG system (AP-DRG, CMS-DRG, or APR-DRG).

TABLE 4. Estimated adjusted

excess total and variable inpatient

hospital costs (2010 US dollars

(USD)) for patients with any inten-

sive-care unit (ICU) stay (n = 150)

TABLE 5. Multivariable logistic regression of in-hospital

mortality (n = 398)

Characteristic
Crude OR
(95% CI)

Adjusteda OR
(95% CI)

CLABSI 4.04 (2.27–7.17) 2.27 (1.15–4.46)
Other HAI 4.19 (2.36–7.45) 2.62 (1.30–5.30)
Multiple catheters 4.77 (2.76–8.26) 1.92 (0.97–3.80)
APACHE II score,
per 5 points

2.02 (1.63–2.51) 1.71 (1.33–2.20)

Step-down stay, per 7 days 1.15 (1.05–1.25) 1.09 (0.99–1.20)
ICU stay, per 7 days 1.08 (1.01–1.15) 1.08 (0.98–1.18)
Dialysis 2.97 (1.67–5.22) 1.05 (0.51–2.18)
OLOS, per 7 days 1.05 (1.02–1.07) 0.97 (0.92–1.02)
Major surgery 1.24 (0.75–2.05) 0.72 (0.38–1.37)
Male sex 0.85 (0.52–1.46) 0.71 (0.39–1.29)

APACHE II, Acute Physiologic and Chronic Health Evaluation Version II; CLABSI,
central-line-associated bloodstream infection; HAI, healthcare-associated infec-
tion; ICU, intensive-care unit; OLOS, overall length of stay.
aAdjusted for the presence of multiple catheters, which was classified as a
confounder based on a 10% change in the parameter estimate for CLABSI when
removed from the model.
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among non-ICU patients. Development of another HAI was

associated with the largest incremental increase in variable

costs: approximately $34 000 and $79 000 for non-ICU and

ICU patients, respectively. As expected, APACHE II score was

strongly associated with cost, with each additional point

equating to c. $1300 in extra variable costs, but only among

non-ICU patients.

In our study, patients with CLABSI were more than twice as

likely to die as patients without CLABSI, even after APACHE II

score and the presence of other HAIs had been controlled for.

An association between CLABSI and crude in-hospital mor-

tality has been observed in several studies [1,7,13,14,29], but,

in some cases, CLABSI has not remained an independent

predictor of mortality in multivariable analysis [7,29]. This may

be attributable to a small number of CLABSI cases, resulting in

reduced power to detect true associations. In the study by

Dimick et al. [29], for example, the mortality among the nine

CLABSI patients was 56%, as compared with 21% among 251

non-CLABSI patients (p 0.02). After the effects of APACHE III

score had been controlled for, CLABSI was no longer an

independent predictor (adjusted OR 4.3, 95% CI 0.9–19.9).

There was no difference in the 30-day re-admission rates

between patients with and without CLABSI (33.3% vs. 28.4%,

respectively, p 0.34), even after removal of those not at risk of

re-admission (i.e. those who died).

The primary limitation of this study is the inability to

account for the timing of infection in our cost models.

Recently, the importance of the time-dependent nature of

infection has been highlighted in several papers and editorials

[10,12,30,31]. However, our data did not allow us to

differentiate between costs that occurred before and after

the CLABSI event. Although this most likely results in an

overestimation of potential cost savings in the context of an

intervention, information about the total and variable costs for

patients who develop CLABSI is still useful for hospital

administrators. In addition, this is a limitation that few studies

examining the relationship between HAI and inpatient costs

have been able to overcome.

Residual confounding is always a concern in observational

research, and there is a possibility that the observed differ-

ences in cost are attributable to some unmeasured factor,

rather than a true difference in costs and mortality resulting

from CLABSI infection. Sample restriction, matching and

adjustment are common methods to control for measured

confounders, but none of these methods addresses confound-

ers that are unobserved. Because of the small sample size, we

chose to use multivariable adjustment to avoid excluding any

patients. Randomization and instrumental variable analysis are

both superior methods for addressing confounding resuting

from measured and unmeasured variables, but were not

feasible in this study.

This study is also limited by a potential lack of generaliz-

ability. We used data from an academic medical centre, which

may be more likely to use newer and more expensive

treatments as part of routine care. Therefore, our results may

not be applicable to smaller community hospitals or to Federal

institutions. In addition, there may be significant variability in

micro-costing methods across institutions, resulting in sub-

stantially different estimates of cost. However, the use of the

relative measure (e.g. an 80% increase in variable costs for

CLABSI patients in the non-ICU setting) rather than the

absolute dollar estimate should prove more applicable across a

range of study settings. We lacked re-admission data for other

institutions; however, the rate of switching between healthcare

facilities is small and unlikely to differ between CLABSI and

non-CLABSI patients. Finally, we used the NHSN definition of

CLABSI, which is a surveillance definition and is not as

restrictive as the clinical definition of CRBSI. This may have

resulted in some patients with bloodstream infections unre-

lated to their central lines being classified as ‘exposed’.

However, our definition is consistent with the case definition

commonly employed by hospitals for surveillance purposes.

This study also has several strengths. To the best of our

knowledge, it is the first study of CLABSI to analyse total and

variable costs separately. In addition, this is one of the few

studies that has not focused exclusively on ICU residents,

allowing for wider generalization than previous estimates of

excess cost. We used a robust multivariable modelling

methodology to model costs as a function of the presence

and severity of underlying illness, DRG, and other factors that

influence hospital costs. We also were able to incorporate

both administrative and clinical data, manually collecting the

information necessary to compute the APACHE II score,

which is not traditionally available in electronic health data.

In summary, we observed that CLABSI was associated with

significantly higher hospital costs and risk of in-hospital

mortality. These costs represent a substantial burden to

hospitals, particularly for patients covered by Medicare.

Continued reductions in CLABSI rates should help to offset

some, but not all, costs for these patients. Future work should

examine costs while accounting for timing of infection in both

ICU and non-ICU patients.

Funding

This work was supported in part by a grant from the New

York State Department of Public Health (PI: G. Dumyati).

ª2013 The Authors

Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20, O318–O324

CMI Stevens et al. CLABSI cost and mortality O323



Acknowledgements

The authors would like to thank G. Quinlan, S. Rhee and A.

Gellert for assistance with case review, data collection, and

data entry.

Transparency Declaration

The Authors declare no conflicts of interest.

References

1. Olaechea PM, Palomar M, Alvarez-Lerma F, Otal JJ, Insausti J, Lopez-

Pueyo MJ. Morbidity and mortality associated with primary and

catheter-related bloodstream infections in critically ill patients. Rev Esp

Quimioter 2013; 26: 21–29.

2. Scott RD II. The direct medical costs of healthcare-associated infections in

US hospitals and the benefits of prevention. Atlanta, GA: Centers for

Disease Control and Prevention, 2009.

3. Department of Health and Human Services. Medicare Program; changes

to the hospital inpatient prospective payment systems and fiscal year 2009

rates, 2008. Available from: http://edocket.access.gpo.gov/2008/pdf/

E8-17914.pdf (last accessed 8 October 2013).

4. Dudeck MA, Horan TC, Peterson KD et al. National healthcare safety

network report, data summary for 2011, device-associated module. Am

J Infect Control 2013; 41: 286–300.

5. Al-Rawajfah OM, Hewitt JB, Stetzer F, Cheema J. Length of stay and

charges associated with health care-acquired bloodstream infections.

Am J Infect Control 2012; 40: 227–232.

6. Pittet D, Tarara D, Wenzel RP. Nosocomial bloodstream infection in

critically ill patients. Excess length of stay, extra costs, and attributable

mortality. JAMA 1994; 271: 1598–1601.

7. Warren DK, Quadir WW, Hollenbeak CS, Elward AM, Cox MJ, Fraser

VJ. Attributable cost of catheter-associated bloodstream infections

among intensive care patients in a nonteaching hospital. Crit Care Med

2006; 34: 2084–2089.

8. Digiovine B, Chenoweth C, Watts C, Higgins M. The attributable

mortality and costs of primary nosocomial bloodstream infections

in the intensive care unit. Am J Respir Crit Care Med 1999; 160:

976–981.

9. Shannon RP, Patel B, Cummins D, Shannon AH, Ganguli G, Lu Y.

Economics of central line-associated bloodstream infections. Am J Med

Qual 2006; 21: 7S–16S.

10. Barnett AG, Graves N, Rosenthal VD, Salomao R, Rangel-Frausto MS.

Excess length of stay due to central line-associated bloodstream

infection in intensive care units in Argentina, Brazil, and Mexico. Infect

Control Hosp Epidemiol 2010; 31: 1106–1114.

11. Roberts RR, Scott RD II, Hota B et al. Costs attributable to healthcare-

acquired infection in hospitalized adults and a comparison of economic

methods. Med Care 2010; 48: 1026–1035.

12. Graves N, Harbarth S, Beyersmann J, Barnett A, Halton K, Cooper B.

Healthcare epidemiology: estimating the cost of health care-associated

infections: mind your p’s and q’s. Clin Infect Dis 2010; 50: 1017–1021.

13. Lukenbill J, Rybicki L, Sekeres MA et al. Defining incidence, risk factors,

and impact on survival of central line-associated blood stream

infections following hematopoietic cell transplantation in acute myeloid

leukemia and myelodysplastic syndrome. Biol Blood Marrow Transplant

2013; 19: 720–724.

14. Hu B, Tao L, Rosenthal VD et al. Device-associated infection rates,

device use, length of stay, and mortality in intensive care units of 4

Chinese hospitals: International Nosocomial Control Consortium

findings. Am J Infect Control 2013; 41: 301–306.

15. National Healthcare Safety Network: central line associated bloodstream

infection event. Atlanta, GA, 2013. Available from: http://www.cdc.

gov/nhsn/PDFs/pscManual/4PSC_CLABScurrent.pdf (last accessed 8

October 2013).

16. Riewpaiboon A, Malaroje S, Kongsawatt S. Effect of costing methods on

unit cost of hospital medical services. Trop Med Int Health 2007; 12:

554–563.

17. Bureau of Economic Analysis: personal consumption expenditures. Bureau

of Economic Analysis. Available from: http://www.bea.gov/iTable/

iTable.cfm?ReqID=12&step=1&acrdn=2#reqid=12&step=1&isuri=1(last

accessed 1 July 2013).

18. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a

severity of disease classification system. Crit Care Med 1985; 13:

818–829.

19. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index

for use with ICD-9-CM administrative databases. J Clin Epidemiol 1992;

45: 613–619.

20. Stevens V, Lodise TP, Tsuji B et al. The utility of Acute Physiology and

Chronic Health Evaluation II scores for prediction of mortality among

intensive care unit (ICU) and non-ICU patients with methicillin-

resistant Staphylococcus aureus bacteremia. Infect Control Hosp Epidemiol

2012; 33: 558–564.

21. Muldoon JH. Structure and performance of different drug classification

systems for neonatal medicine. Pediatrics 1999; 103: 302–318.

22. Healthcare Utilization Project: procedure classes, 2013. Available from:

http://www.hcup-us.ahrq.gov/toolssoftware/procedure/procedure.jsp

(last accessed 8 October 2013).

23. Manning WG, Basu A, Mullahy J. Generalized modeling approaches to

risk adjustment of skewed outcomes data. J Health Econ 2005; 24: 465–

488.

24. Manning WG, Mullahy J. Estimating log models: to transform or not to

transform? J Health Econ 2001; 20: 461–494.

25. Allison PD. Logistic regression using SAS(R): theory and application, 2nd

edn. Cary, NC: SAS(R) Publishing, 2012.

26. Srinivasan A, Wise M, Bell M et al. Vital signs: central line-associated

blood stream infections—United States, 2001, 2008, and 2009. MMWR

2011; 60: 243–248.

27. Harbarth S, Sax H, Gastmeier P. The preventable proportion of

nosocomial infections: an overview of published reports. J Hosp Infect

2003; 54: 258–266.

28. Umscheid CA, Mitchell MD, Doshi JA, Agarwal R, Williams K, Brennan

PJ. Estimating the proportion of healthcare-associated infections that

are reasonably preventable and the related mortality and costs. Infect

Control Hosp Epidemiol 2011; 32: 101–114.

29. Dimick JB, Pelz RK, Consunji R, Swoboda SM, Hendrix CW, Lipsett PA.

Increased resource use associated with catheter-related bloodstream

infection in the surgical intensive care unit. Arch Surg 2001; 136:

229–234.

30. Graves NP, Barnett AGP, Halton KP et al. The importance of good

data, analysis, and interpretation for showing the economics of

reducing healthcare-associated infection. Infect Control Hosp Epidemiol

2011; 32: 927–928.

31. Barnett AG, Beyersmann J, Allignol A, Rosenthal VD, Graves N,

Wolkewitz M. The time-dependent bias and its effect on extra length

of stay due to nosocomial infection. Value Health 2011; 14: 381–386.

ª2013 The Authors

Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20, O318–O324

O324 Clinical Microbiology and Infection, Volume 20 Number 5, May 2014 CMI


	Inpatient costs, mortality and 30-day re-admission in patients wit hcentral-line-associated bloodstream infections
	Abstract
	Introduction
	Methods
	Study design and data sources
	Patient selection
	Outcome assessment
	Covariates
	Data analysis

	Results
	Discussion
	Funding
	Acknowledgements
	Transparency Declaration
	References


