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Our descriptive analyses show a wide distribution in rates of central line device days and central line−associ-
ated bloodstream infections for a given standardized infection ratio—the measure linked to federal payment
penalties—among 215 US hospitals serving highly complex patient populations. We established that the
standardized infection ratio masks hospital-level variation in device use and associated patient safety.
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US hospitals have made great strides in reducing the incidence of
central line−associated bloodstream infections (CLABSIs). Between
2008 and 2015, there was a 50% reduction in the national CLABSI rate,1

which can be linked to the Centers for Medicare and Medicaid Services
(CMS) reimbursement penalties that spurred routine hospital-wide
surveillance and standardized clinical processes.2 Despite this success,
the Centers for Disease Control and Prevention (CDC) has noted that
there is a need for further improvement, and they have set a goal to
reduce the national CLABSI rate by an additional 50% by 2020.1

The CMS penalties that have driven CLABSI reductions are calculated
based on the standardized infection ratio (SIR)—defined as the number
of observed infections for the hospital divided by the number of pre-
dicted infections—and adjusted for both the number of central line
device days that a hospital reports and the hospital’s structural charac-
teristics (eg, bed size, number of intensive care unit [ICU] beds, and sta-
tus as a teaching hospital).3 However, using central line days to adjust
risk, the SIR can mask success for hospitals that are able to reduce both
the use of central lines as well as the number of CLABSIs.4,5 Based on
current SIR calculation methods, a hospital that reports a higher num-
ber of central line device days and CLABSIs can have the same SIR as a
hospital reporting fewer device days and infections,4-6 but this relation-
ship has yet to be empirically studied using a national dataset. The goal
of this study was to describe the relationship between the SIR and the
variation in device days and CLABSI rates among US hospitals with sim-
ilar characteristics; specifically, a subgroup of hospitals that treat highly
complex patients while serving as a safety net in their community.7,8
METHODS

Data, variables, and study sample

This study used the CMS Hospital Compare 2016 infection data
from US hospitals, including CLABSI SIRs, predicted and actual num-
bers of CLABSIs, and the number of central line device days. Using
Medicare identification numbers, this primary data set was merged
with the FY2016 CMS Impact File and the FY2015 CMS Healthcare
Cost Report Information System File in order to obtain hospital
characteristics.

To identify our analytical sample, we operationalized a variable for
hospitals serving highly complex patient populations (i.e., highly com-
plex hospitals) as those with both hospital patient case-mix index and
percent share of Medicaid Disproportionate Share Hospital payments
in the top quartile of US hospitals.8
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Analysis

Descriptive statistics were calculated for the analytical sample. We
generated scatter plots to visualize the distribution of hospitals across
the central line use and infection rate variables. Additionally, we veri-
fied that the hospitals in the analytical sample were similar in regard
to the characteristics included in the SIR predictive model.
Fig 1. Visual presentation of the distribution in the number of central line−associated blood
populations. Each standardized infection ratio is denoted by a different color dot.

Table 1
Descriptive statistics of the infection and central line day variables for the 215 hospitals servi

Central line days CLABSI predicted

Mean 21485 23
Median 16986 18
SD 17021 20
Minimum 1770 1
Maximum 122679 137

CLABSI, central line−associated bloodstream infections; ICU, intensive care unit; SD, standard
RESULTS

Table 1 presents descriptive statistics for the infection rate and
central line day variables for the 215 highly complex hospitals. The
number of CLABSIs ranged from 0-138, and the number of central
line days ranged from 1,770-122,679. The number of ICU beds ranged
from 6-323, with a median of 57.
stream infections and central line days among hospitals serving highly complex patient

ng highly complex patient populations

CLABSI observed SIR No. of ICU beds

21 1 72
15 1 57
21 1 50
0 0 6
138 4 323

deviation; SIR, standardized infection ratio.
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A few scenarios from our analytical sample illustrated the varia-
tion in central line days and CLABSI rates for hospitals with similar
SIRs. Hospitals A and B have 199 and 190 ICU beds, respectively, and
both have a SIR of 0.5. Hospital A reported 27 CLABSIs from 42,520
central line days, while hospital B reported 47 CLABSIs from 72,532
central line days. Both hospitals have a low SIR and were financially
rewarded by CMS; however, hospital B reported almost double the
number of CLABSIs, indicating a much higher infection burden in that
hospital.

Notably, this variation is also present among hospitals with
higher SIRs. For instance, both hospitals C and D had »100 ICU beds
(100 and 104, respectively) and SIRs of 1.7—indicating a higher infec-
tion rate than predicted for a hospital with similar characteristics.
While hospital C reported 52 CLABSIs from 23,102 central line day,
hospital D reported 105 CLABSIs from 52,109 central line days, again
indicating a much higher infection burden for the same SIR.

Figure 1 represents a scatter plot of the findings from Table 1. The
distribution of the number of reported CLABSIs and central line days
across the SIRs shows a wide distribution in rates of central line use
and infections for a given SIR. In the scatter plot, each SIR is denoted
by a different color dot.

DISCUSSION

Our analyses demonstrate that similar hospitals can have the
same SIR but very different numbers of central line days and CLABSI
rates. This variation in infection burden may translate to nontrivial
differences in patient safety. Our findings have important policy
implications because the CMS value based purchasing program
incentives should, ideally, reward both absolute reduction of central
line use and relative incidence of infection.

Current federal infection prevention policies, however, are
focused on infection rates. The same 2016 CDC report that set new
CLABSI goals for 2020, also reported that the national central line
device use rate had stayed consistent for the past 6 years. The report
further noted that there is a net benefit to patients in focusing on
both central line safety and reducing central line use; however, this
type of success, while noted by the CDC as integral to a CLABSI-pre-
vention strategy, is not currently rewarded by the SIR calculation.

CONCLUSIONS

An alternative publicly available metric that controls for these
issues is the hospital- and unit-level standardized utilization ratio.
This CDC metric is a risk-adjusted rate that compares the actual
central line device days reported to what would be predicted for a
hospital with similar characteristics. While CMS 2019 value based
purchasing methodology will still rely on the SIR, our results suggest
that incorporating the standardized utilization ratio into the method-
ology for calculating financial penalties may more appropriately
measure infection prevention than an SIR that is adjusted for each
hospitals’ rate of central line use.
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