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Economic Evaluation of Quality Improvement Interventions
for Bloodstream Infections Related to Central Catheters
A Systematic Review
Teryl K. Nuckols, MD, MSHS; Emmett Keeler, PhD; Sally C. Morton, PhD; Laura Anderson, MPH;
Brian Doyle, MD, MS; Marika Booth, MS; Roberta Shanman, MS; Jonathan Grein, MD; Paul Shekelle, MD, PhD

IMPORTANCE Although quality improvement (QI) interventions can reduce
central–line-associated bloodstream infections (CLABSI) and catheter-related bloodstream
infections (CRBSI), their economic value is uncertain.

OBJECTIVE To systematically review economic evaluations of QI interventions designed to
prevent CLABSI and/or CRBSI in acute care hospitals.

EVIDENCE REVIEW A search of Ovid MEDLINE, Econlit, Centre for Reviews & Dissemination,
New York Academy of Medicine's Grey Literature Report, Worldcat, prior systematic reviews
(January 2004 to July 2016), and IDWeek conference abstracts (2013-2016), was conducted
from 2013 to 2016. We included English-language studies of any design that evaluated
organizational or structural changes to prevent CLABSI or CRBSI, and reported program and
infection-related costs. Dual reviewers assessed study design, effectiveness, costs, and study
quality. For each eligible study, we performed a cost-consequences analysis from the hospital
perspective, estimating the incidence rate ratio (IRR) and incremental net savings.
Unadjusted weighted regression analyses tested predictors of these measures, weighted by
catheter-days per study per year.

FINDINGS Of 505 articles, 15 unique studies were eligible, together representing data from
113 hospitals. Thirteen studies compared Agency for Healthcare Research and
Quality–recommended practices with usual care, including 7 testing insertion checklists.
Eleven studies were based on uncontrolled before-after designs, 1 on a randomized
controlled trial, 1 on a time-series analysis, and 2 on modeled estimates. Overall, the weighted
mean IRR was 0.43 (95% CI, 0.35-0.51) and incremental net savings were $1.85 million
(95% CI, $1.30 million to $2.40 million) per hospital over 3 years (2015 US dollars). Each
$100 000-increase in program cost was associated with $315 000 greater savings (95% CI,
$166 000-$464 000; P < .001). Infections and net costs declined when hospitals already
used checklists or had baseline infection rates of 1.7 to 3.7 per 1000 catheter-days. Study
quality was not associated with effectiveness or costs.

CONCLUSIONS AND RELEVANCE Interventions related to central venous catheters were, on
average, associated with 57% fewer bloodstream infections and substantial savings to
hospitals. Larger initial investments may be associated with greater savings. Although
checklists are now widely used and infections have started to decline, additional
improvements and savings can occur at hospitals that have not yet attained very low
infection rates.
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A bout 60 400 primary bloodstream infections related to
central venous catheters (CVCs) occur in US hospitals each
year, costing $1.85 billion.1-3 Accordingly, hospitals are

implementing various infection-prevention practices, such as inser-
tion checklists or bundles.4 Yet little is known about the economic
value of doing so, meaning associated changes in clinical outcomes
and costs.5,6 The program costs associated with implementing such
interventions have seldom been evaluated systematically, and it is
unclear whether hospitals tend to incur net savings or losses.

We sought to systematically review economic evaluations of
quality improvement (QI) interventions for the prevention of blood-
stream infection related to the use of CVCs in the hospital setting,
considering both program costs and changes in infection-related
costs. To identify such studies, we searched peer-reviewed and non–
peer-reviewed literature. We then examined the nature of interven-
tions that have been evaluated, their clinical effectiveness, the
associated costs, and the quality of the economic evaluations.

Methods
This review is reported in accordance with Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) guidelines,7 and
a protocol is registered on Prospero (CRD42015014950).8 An
8-member technical expert panel provided input at key stages.

Catheter-related bloodstream infection (CRBSI) is a diagnosis
based on specific laboratory testing that identifies a catheter as the
source of a bloodstream infection. In contrast, central line-
associated bloodstream infection (CLABSI) is a less specific surveil-
lance definition that reflects a bloodstream infection in the
presence of a recent central line without another source of
infection.9,10 We included both.

Data Sources and Searches
A reference librarian developed search terms for CLABSI and CRBSI,
and expanded on terms related to economic evaluation that have
demonstrated sensitivity11 (eAppendix 1 in the Supplement). Data-
bases of peer-reviewed literature included Ovid MEDLINE, Econlit,
and the Centre for Reviews and Dissemination Economic Evalua-
tions. To identify gray literature, we searched New York Academy
of Medicine's Grey Literature Report and Worldcat. We searched
IDWeek conference presentations for unpublished analyses (2013
to 2016).12 We searched for English-language publications (Janu-
ary 2004 to July 2016), and hand-searched citations from previ-
ous systematic reviews.4,5,13-17 We excluded earlier studies be-
cause infection rates and clinical practices have changed over time.

Study Selection
Eligible studies represented original investigations, addressed QI
interventions designed to prevent CLABSI and/or CRBSI in acute care
hospitals, reported or estimated clinical effectiveness, measured or
modeled costs of the QI intervention, compared alternatives (eg, QI
intervention vs usual care), and reported both program and infection-
related costs. We excluded studies from low-income to middle-
income countries,18 but included all ages, hospital settings, clinical
study designs, cost evaluation approaches, analytical perspec-
tives, and time horizons. A QI intervention was defined as “an
effort to change/improve the clinical structure, process, or out-

comes of care by means of an organizational or structural change.”19

Studies were ineligible if they tested novel materials or equipment
but omitted costs associated with organizational efforts to support
implementation.

Two trained reviewers independently examined titles,
abstracts, and full-text publications to determine eligibility. Discrep-
ancies were resolved by consensus, or, when necessary, through
discussion with the research team.

Data Extraction and Quality Assessment
Pairs of investigators with training in quality of care and economic
evaluation extracted data; discrepancies were resolved by consen-
sus, or, when necessary, through discussion with the research team.

QI Intervention, Context, and Clinical Evaluation
For each study, reviewers extracted the nature of the QI interven-
tion, setting, clinical study design and reporting, funding source, and
findings. We identified practices strongly recommended in a recent
Agency for Healthcare Research and Quality (AHRQ) evidence re-
view, including components of insertion checklists.4,20 Contextual
variables included academic status (major, minor, nonteaching) and
location (urban, suburban or small city, rural). Clinical study designs
included randomized controlled trial, nonrandomized controlled trial,
controlled before-after analysis, uncontrolled before-after analysis
(UCBA), interrupted time series and repeated measures studies, and
modeling exercises.21 Reviewers extracted selected items from the
Minimum Quality Criteria Set, a tool for critically appraising the re-
porting of QI interventions.22 Funding sources included govern-
ment, nonprofit, commercial, and none. Finally, reviewers extracted
infection rates in intervention and comparison groups.

Economic Evaluation
Reviewers extracted the evaluation approach (cost analyses such as
cost-consequences or business-case analyses vs cost-effective-
ness and related analyses); perspective (hospital, health system,
payer, society); time horizon; discount rate; year and currency of cost
data; and incremental program, infection-related, and net costs.

To identify relevant costs in each article, we used the Quality-
Cost Framework.23 Together, structure and process-related costs
comprise an intervention’s program costs. Structure-related costs

Key Points
Question Are quality improvement interventions designed to
prevent bloodstream infections related to central catheters
associated with lower infection rates as well as net savings to
hospitals?

Findings In this systematic review based on data from 113 hospitals,
on average, bloodstream infections declined by more than half and
hospitals achieved net savings of $1.85 million over 3 years. Larger
investments in the interventions were associated with greater net
savings, and infections and costs declined even when checklists
were already in use, and when baseline infection rates were as low
as 1.7 to 3.7 per 1000 catheter-days.

Meaning Interventions that prevent bloodstream infections can
be of high value to hospitals even after infections have started to
decline.
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are fixed costs associated with start-up and maintenance, such as
training providers, monitoring adherence, and making capital pur-
chases (eg, ultrasound machines). Process-related costs are vari-
able recurring costs associated with the care of individual patients,
such as provider time spent on catheter-related care. Outcome-
related costs are health care expenditures related to infections.

Study Quality
Reviewers assessed whether economic evaluations met basic stan-
dards using a modified version of the Quality of Health Economics
Studies Checklist (mQHES).24,25 Questions address whether the
study objective is clear, the perspective is stated, cost and effec-
tiveness estimates are from the best sources, and effects of uncer-
tainty and variability are described. We divided each question into
subparts for easier scoring and added 2 questions related to com-
peting alternatives and overall credibility. To calculate total mQHES
scores (scale, 0-115), we determined the percentage of “yes” re-
sponses to subparts of each question, weighted each question’s raw
score per QHES scoring guidelines24 (using estimated weights for
new questions), and summed weighted values.

Data Standardization
To facilitate comparisons, we performed a cost-consequences analy-
sis from the hospital perspective for each study, where clinical and
economic outcomes included the incidence rate ratio (IRR) and in-
cremental net cost per hospital. If authors did not report an IRR, we
calculated it by dividing the infection rate in the intervention group
by the rate in the comparison group.

For each study, we standardized program and infection-
related costs by converting to 2015 US dollars and discounting re-
curring costs over a 3-year time-horizon (discount rate, 3%).26 In-
fection-related costs were based on numbers of infections averted
multiplied by the cost per infection. We based the cost per infec-
tion on a recent meta-analysis ($51 770 in 2015 US dollars),3 except
for 2 studies in which authors reported site-specific estimates. Fi-
nally, to yield the incremental net cost, we summed standardized
program and incremental infection-related costs (eAppendix 3 in
the Supplement).

Analysis
To identify factors potentially associated with greater effectiveness
(lower IRR) and savings (lower incremental net cost) among the stud-
ies, we conducted 7 sets of unadjusted weighted regression analy-
ses. We separately examined 5 factors potentially associated with ef-
fectiveness (study size in CVC-days per study-year, measure of
infection, baseline infection rate, whether interventions included use
of checklists, and program cost) and 7 factors potentially associated
with incremental net costs (same factors plus mQHES score and ef-
fectiveness). In each analysis (other than study size), we weighted each
study by the number of CVC-days per study-year.

Quality improvementinterventionswereheterogeneousandgen-
erally included multiple components, limiting our ability to perform
subgroup analyses. However, we were able to classify studies using
3 clinically relevant categories: (1) interventions involving checklists
vs usual care (reference group); (2) other practices vs usual care; and
(3) other practices vs usual care with checklists already in use.

In a series of sensitivity analyses, we sequentially dropped each
of the 8 largest studies, and we dropped the 2 pediatric studies to

determine whether results changed. There were too few studies for
multivariate regression analyses, and not enough data on variance
for inverse variance weighted meta-regression analyses.

Results
Study Selection
We identified 505 records, selecting 63 for full-text review; 16
articles met all eligibility criteria, reflecting 15 unique studies.27-42

Eleven articles focused on CLABSI,27-29,32,33,36,37,39-42 and 5 on
CRBSI.30,31,34,35,38 Two articles drew from a study on CLABSI and ven-
tilator-associated pneumonia. We focused on a cost analysis from
the hospital perspective,40 rather than a cost-effectiveness analy-
sis from the societal perspective.41 Another study addressed CLABSI,
catheter-associated urinary tract infection, and ventilator-
associated pneumonia.28 Searches of gray literature did not iden-
tify eligible articles. Fifteen excluded studies tested materials or
equipment but omitted costs associated with implementation.15,43-56

See Figure 1 for PRISMA diagram.

Study Characteristics and Quality Assessment
QI Interventions
One or more AHRQ-recommended practices were tested in 12 of the
15 unique studies (Table 1).4,27-29,31-36,38-42 These included inser-
tion checklists with 5 specific components (6 studies, plus 1 study
with 4 components),28,29,32,36,38-41 physician education
(11 studies),27-29,31,32,34-36,38-41 ultrasound-guided placement
(3 studies),29,33,38 all-inclusive catheter kits (5 studies),27,28,35,38,39

Figure 1. PRISMA Flow Diagram

496 Titles identified from 
database searches

9 Titles identified from 
hand searches

505 Abstracts identified 
for dual review

442 Abstracts excluded
234
20
52
8

16
102
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Not on topic
Did not measure or model cost
Low to middle income country
Only infection-related cost
Not original research

63 Articles selected for 
full text review

47 Full text articles excluded
15
2
7

19
2
2

Not QI
Not on topic
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Only infection-related costs
Low to middle income country
Not original research

16 Articles contributing 
to the data synthesis 
(15 unique studies)
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sterile dressings (5 studies),27,28,35,38,39chlorhexidine gluconate
sponge or antimicrobial dressing (2 studies),28,39 antimicrobial cath-
eters (2 studies, one of which did not specify the antimicrobial
agent).28,35

Other practices tested included: simulation-based training
(4 studies),27,29-31,35 facility-wide audit and feedback (5
studies),27-29,35,38,39 “time out” or empowering nurses to stop
placement (4 studies),27,29,38,39 reminders to remove lines
(2 studies),29,39 and disinfectant caps for catheter hubs.42 Seven
studies had 1 or more unique practices.33-35,37-39,42 No eligible
studies considered daily bathing with chlorhexidine gluconate or
intervention sustainability.

Investigators compared interventions involving checklists vs
usual care in 7 studies,28,29,32,36,38-41 other practices vs usual care
in 3 studies31,33,35 (although in 1, the usual care scenario included 2
common components of checklists),35 and other practices vs usual
care with checklists already in use in 5 studies.27,30,34,37,42

The 15 studies excluded because they omitted implementa-
tion costs examined maximum sterile barriers47; antibiotic-
impregnated CVCs45,46,49,51,52; antimicrobial dressings,15,44,48,53

1-piece vs 2-piece chlorhexidine-gluconate-impregnated dressings,43

chlorhexidine gluconate vs providone-iodine solutions for inser-
tion site care,49 standardized maintenance kits vs ad hoc supplies,54

and disinfection caps for CVC hubs vs scrubbing the hubs.55,56

Context
Thirteen of the 15 unique studies (Table 2) were based in the
US,27-31,33,35-42 1 in the United Kingdom,32 and 1 in Ireland.34 Most
studies were set at a single hospital, although 1 study included 24
hospitals,28 1 study included 37 hospitals,32 1 study included 29
pediatric intensive care units (ICUs),39 2 studies included data from
6 hospitals each,36,40,41 and 1 study was based at 2 affiliated
hospitals.29 In total, data were from 113 hospitals. Ten studies were
based at only major academic institutions,27,30,31,33-38,42 2 studies
were based at only community hospitals,28,32 2 studies were based
at both,29,40,41 and 1 study did not state academic status.39

All studies included or were limited to intensive care settings.
The median estimated number of CVC-days per hospital per year was
3843 (interquartile range [IQR], 2917).27-42 One study based at an
oncology hospital had 40 711 CVC-days per year.42 Two studies were
limited to pediatric populations.37,39 The median baseline rate of
CLABSI and/or CRBSI was 4.0 (IQR, 4.3) per 1000 catheter-days
among the 15 unique studies27-40; this equated to a median of about
18.3 infections per study hospital per year (IQR, 17.3).

Clinical Evaluation
The 15 unique studies compared the QI interventions with
usual care scenarios (Table 2). Ten studies used UCBA
designs27,28,30,31,34,35,37,38,40-42 and 1 used a time-series analysis.39

Four of the unique studies reported modeling exercises, including
1 based on a randomized controlled trial and 1 based on a UCBA
design.29,32,33,36,41

In total, 13 studies, including 2 of the modeling analyses, used
empirical data on changes in infection rates.27,28,30-32,34-42 One mod-
eling study of insertion checklists assumed a 50% decline in
infections,29 which is similar to prior literature.64 Another model-
ing study estimated a decline in infections based on changes in
CVC-days.33 Excluding the study that assumed a 50% decline, the

median IRR was 0.42 (IQR, 0.47),27,28,30-41 which equated to a
median of about 2.8 fewer infections per 1000 CVC-days (IQR, 2.6)
and 9.8 (IQR, 12.2) fewer infections per study hospital per year.

Items from the minimum quality data set are given in eAppen-
dix 2 in the Supplement.

Cost Evaluation
As noted, a cost-effectiveness analysis taking the societal
perspective41 and a cost analysis taking the hospital perspective
were based on the same study.40 Two other studies were cost-
effec tiveness analyses 3 2 , 3 6 ; 1 considered the hospital
perspective,27,30,31,34,36,37 and 1 the health system perspective.32

The remaining 12 studies were cost analyses; 11 used the hospital
perspective27-31,33-35,37,38,40,42 and 1 used the health system
perspective.39

Among the 15 studies, the resources invested in infection pre-
vention and the associated program costs varied. Six studies esti-
mated start-up costs (standardized median, $108 000; IQR,
$92 500),29,31,33,36,38,40 such as the purchase of ultrasound
machines,29,31,38 vascular simulators, such as mannequins,27,29-31,35

and vascular access carts.31,38,40 All 15 studies estimated annually
recurring costs (standardized median, $29 600 per year; IQR,
$37 900),27-40,42 such as catheters and supplies27,30,31,33,35,37-40 and
labor costs associated with time that physicians and nurses spent
in training,27-31,35,38,40 catheter-related care,30,32,33,35,37,38,40,42

documentation,27,29,38 data collection and analysis,27-31,35,38-40 and
leadership and oversight.28,35,40 Program costs were negative in
2 studies: 1 substituted placement of peripheral midline catheters
by resident physicians for placement of central lines by interven-
tional radiologists,33 and the other reduced the frequency of
routine catheter changes.37

Study Quality
Cost evaluation methods were of moderate to high quality (Table 3),
with median mQHES scores of 100.5 (IQR, 8.3) among the 16 articles.

Data Standardization
Among the 15 unique studies, the median total program cost per hos-
pital over 3 years was $271 000 (IQR, $417 000), and the median
incremental infection-related cost was −$2.27 million (IQR, $2.16
million),27-42 relative to usual care. Based on differences between
program and incremental infection-related costs, the median net sav-
ings was $1.85 million (IQR, $1.77 million)27-42 (Figure 2). These es-
timates are unweighted. Program costs could be more than 6.8-
fold higher than we observed before net savings would be eliminated.

Among the 7 studies testing checklists, the median net savings
was $1.12 million (IQR, $1.31 million).28,29,32,36,38-41 In the study that
assumed a 50% decline in infections, there was a net loss of $90 000
owing to a low baseline rate of CLABSI (1.0 per 1000 CVC-days) and
relatively high program cost ($400 000).29 Six studies with lower
baseline infection rates (1.7 to 3.7 CLABSI per 1000 CVC-days)
were associated with declines in infections as well as net
savings.28,29,32,33,37,42

Analysis
In unadjusted regression analyses weighted by CVC-days per study
per year, the mean IRR among the 15 studies was 0.43 (95% CI, 0.35-
0.51) (Table 3), reflecting a 57% decline in infections. Compared with
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studies that tested use of checklists, infections declined less in stud-
ies that tested other practices when checklists were already in use
(IRR, 0.40 vs 0.65; P = .03).

The mean incremental net savings was $1.85 million (95% CI,
$1.30 million to $2.40 million) over 3 years. Larger investments in in-
fection prevention (program costs) were associated with greater net
savings (P = .001): each additional $100 000 invested was associ-
ated with $315 000 (95% CI, $166,000-$464,000) higher savings.

These results were robust to sequential elimination of the larg-
est studies and the 2 pediatric studies, with 1 notable exception.
The oncology study had a relatively high IRR (0.711) and incremen-
tal net savings (−$3.85 million) as well as ten times more CVC days
than other hospitals. Excluding this study, the type of infection-
prevention practice tested was no longer associated with effective-
ness. However, investments in infection prevention were associ-
ated with greater effectiveness (P = .002): each additional
$100 000 invested was associated with 4% greater effectiveness
(IRR, 0.40 vs 0.36), or approximately 2.4 fewer infections per hos-
pital. In addition, a higher baseline infection rate and greater effec-
tiveness were both associated with larger net savings (eAppendix 4
in the Supplement).

Discussion

Based on our analysis, QI interventions that are effective at reduc-
ing bloodstream infections related to CVCs are generally a good value
for hospitals because they are associated with improved clinical out-
comes and lower costs. We identified 15 eligible, unique economic
evaluations that together included data from 113 hospitals.27-42 Most
interventions involved practices strongly recommended by
AHRQ.4,27-29,31-36,38-41 On average, these interventions were asso-
ciated with a 57% decline in infections (IRR, 0.43; 95% CI, 0.35-
0.51) and net savings of $1.85 million (95% CI, $1.30 million to $2.40
million) per hospital over 3 years.27-41 Each additional $100 000
invested was associated with $315 000 greater net savings in
unadjusted analyses. Larger investments were also associated
with greater effectiveness when the study from an oncology
hospital was excluded.42

In assessing value, both clinical effectiveness and cost are
important.6 The effectiveness of the interventions we studied was
similar to prior studies.4,65 One meta-analysis reported pooled odds
ratios for CLABSI of 0.34 (95% CI, 0.27-0.41) for interventions with

Table 3. Results of Weighted Regression: Associations Between Setting, Study, and Intervention Characteristics
and Predicted Incidence Rate Ratio (IRR) or Incremental Net Cost per Hospital Over 3 Years

Characteristics and
Subgroups
Being Compared No.a

Incidence
Rate Ratio (95% CI)

P Value for
Characteristic

Incremental
Net Cost in Millions
(95% CI), $ P Value

Results including
all 15 studies

15 0.43 (0.35 to 0.51) −1.85 (−2.40 to −1.30)

Study size

≥40 000 CVC days
per study per year

4 0.52 (0.27 to 0.77) .61 −1.78 (−3.03 to −0.53) .95

<40 000 CVC days
per study per year

11 0.44 (0.29 to 0.59) −1.74 (−2.49 to −0.98)

Measure of Infection

CLABSI 10 0.43 (0.36 to 0.50) .73 −1.84 (−2.36 to −1.31) .82

CRBSI 5 0.35 (0 to 0.82)b −2.24 (−5.60 to 41.11)

Baseline rate of infectionc

Weighted mean rate,
4.49 per 1000 CVC days

15 0.43 (0.36 to 0.49) .08 −1.85 (−2.35 to −1.35) .31

10% higher, 4.94 per
1000 CVC days

15 0.41 (0.34 to 0.48) −1.92 (−2.44 to −1.40)

Program cost per hospital
over 3 years

Weighted mean cost,
$290 000

15 0.43 (0.36 to 0.50) .48 −1.85 (−2.19 to −1.51) <.001

$100 000 higher,
$390 000

0.42 (0.34 to 0.50) −2.16 (−2.54 to −1.79)

Types of infection-
prevention practices
evaluated

Checklists vs usual care 7 0.40 (0.34 to 0.47) [Reference] −1.66 (−2.16 to −1.16) [Reference]

Other practices
vs usual care

3 0.20 (0 to 0.75)c .48 −2.76 (−7.07 to 1.55) .63

Other practices vs usual
care with checklists

5 0.65 (0.47 to 0.83) .03 −3.17 (−4.55 to −1.79) .07

Effectiveness

Weighted mean IRR,
0.43

15 NA −1.85 (−2.37 to −1.33) .89

10% higher, 0.47 −1.84 (−2.38 to −1.29)

Study quality

Weighted mean
mQHES score, 103

15 NA −1.84 (−2.35 to −1.35) .33

10% higher, 113 −1.29 (−2.46 to −0.12)

Abbreviations:
CLABSI, central-line-associated
blood-stream infection;
CRBSI, catheter-related bloodstream
infection; CVC-days, central-venous
catheter-days; IRR, incidence rate
ratio; NA, not applicable.
a Number of studies in group.
b IRRs cannot be less than 0;

therefore, we truncated any values
below zero.

c For characteristics that involve
continuous variables (baseline rate
of infection, program cost,
effectiveness, and study quality),
we report results for 2 values, the
mean for the variable and, generally,
a value 10% higher. P values reflect
the significance of the characteristic
overall, not the specific values
selected.
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checklists vs usual care, and 0.45 (95% CI, 0.36-0.55) for interven-
tions without checklists.65 Another meta-analysis that compared
checklists with usual care reported a pooled IRR for CLABSI of 0.44
(95% CI, 0.39-0.50) among 79 primary studies.64 (Herein, we re-
fer to CLABSI or CRBSI when the literature cited does).

To determine the total cost of an intervention, both program
and infection-related costs should be considered. Yet prior litera-
ture has emphasized infection-related costs.3,16 To our knowl-
edge, until now there has been no synthesis of program costs—
meaning the value of the resources that hospitals invest in
infection prevention, such as equipment, supplies, and time
spent by physicians and nurses on planning, training, clinical care,
and surveillance. Our results suggest that effective interventions
tend to be a good value for hospitals, despite the program costs
involved.

Hospitals have come under increasing pressure to invest in
preventing health care associated infections (HAIs) over the past
decade, and federal and state policymakers have partnered
together and with stakeholder groups to eliminate HAIs.66-69 The
Centers for Medicare and Medicaid Services (CMS) have estab-
lished multiple incentives to reduce HAIs including CLABSI,
including public reporting, nonpayment for hospital-associated
complications, value-based purchasing, and, starting in 2015,
sizeable payment penalties.70-73 Accordingly, the use of preven-
tion practices has risen substantially since 2005, and infection
rates have declined.74,75 A 2013 national survey found that 98%
to 99% of hospitals used 2 common insertion checklist compo-
nents (maximum barrier precautions and chlorhexidine site anti-
sepsis), 90% monitored rates hospital-wide, 78% used antimicro-
bial dressings, 34% used antimicrobial catheters.63 According to
AHRQ, from 2010 to 2013, rates of CLABSI fell by 49%, averting
8800 infections as well as $150 million in infection-related
costs.68 Rates of CLABSI in medical and surgical ICUs reached 0.8
to 1.4 per 1000 CVC-days as of 2013.74 Net savings from these
changes may have been somewhat smaller than AHRQ’s esti-
mates, which did not account for program costs.

Now that checklists are used widely and infection rates have de-
clined, what are the prospects for additional reductions in infec-
tions and net savings? Hospitals that have already attained very low
infection rates would likely see smaller clinical benefits and savings
than in the studies we have reviewed. Nonetheless, we found that
QI interventions can be associated with declines in CLABSI and/or
CRBSI and net savings when checklists are already in use,27,30,34,37,42

and when hospitals have CLABSI rates as low as 1.7 to 3.7 per 1000
CVC-days.27,28,32,33,37,42

Despite the possibility of net savings, investing in the preven-
tion of HAIs like CLABSI and CRBSI may be burdensome for hospi-
tals with limited financial resources. Prevention of HAIs is labor
intensive, wages and benefits account for two-thirds of all spend-
ing by hospitals, and a quarter of hospitals have had negative
operating margins in recent years.76 We found that, for CLABSI-
and CRBSI-prevention interventions, median program costs were
about $270 000 per hospital over 3 years—but reached
$500 000 to $750 000 in some studies. Higher program costs
were generally associated with greater net savings and possibly
larger declines in infection rates. This suggests that both patients
and hospitals might benefit when hospitals invest more in effec-
tive prevention programs. However, we were unable to control
for hospital characteristics. Hospitals with ample financial
resources, for example, may both invest more heavily in HAI pre-
vention and have better trained providers who implement inter-
ventions more effectively. Even if some hospitals can achieve
greater net savings from larger, costlier HAI prevention programs,
success is not assured and many hospitals may lack the cash flow
or other resources to make sizeable up-front investments.77

Future research should more thoroughly examine the relation-
ships among hospital financial performance, economic invest-
ments in QI, and effects on quality of care.

Limitations
This analysis had several limitations. Only a few studies have
examined the cost of QI interventions related to CLABSI and/or

Figure 2. Net Costs Associated With Prevention of CLABSI and/or CRBSI Interventions
From the Hospital Perspective Over 3 Years (2015 US Dollars)
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CRBSI, and most of these used weak uncontrolled before-after
designs. We could only include interventions for which economic
evaluations have been performed. Studies used 2 different mea-
sures of infection; CLABSI is a more sensitive measure, but eligible
studies using CRBSI reported relatively high rates of infection (4.0-
28.3 CVC-days per 1000 patient-days).30,31,34,35,38 We were
unable to identify specific practices that are associated with higher
value owing to the complexity of the interventions, or to assess
the role of contextual factors. Nonetheless, these findings reflect
more than 100 sites, and the changes in CLABSI rates we observed
are consistent with other sources. We were unable to formally test
for publication bias, but found no evidence that lower quality stud-
ies with greater net savings were published preferentially. Authors
may have omitted some program costs; however, a several-fold
underestimate would be needed to eliminate the net savings. We
attributed all inpatient infection-related costs to the hospital per-

spective, when private payers may reimburse some of these costs.
We did not account for Medicare policies that preclude payment
and impose penalties for hospital-acquired infections, which may
underestimate benefits to hospitals.

Conclusions
Interventions designed to prevent CLABSI were, on average, asso-
ciated with a 57% decline in infections as well as $1.85 million net
savings to hospitals within 1 to 3 years, making them of high value
to hospitals. Interventions that involve larger initial investments of
resources may be associated with greater net savings. Although
checklists are now widely used and infection rates have declined,
additional improvements and cost savings can occur at hospitals that
have not yet attained very low infection rates.
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