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Background: Catheter-associated urinary tract infections (CAUTIs) are the most common healthcare-
acquired condition. The attributable cost of CAUTIs is frequently cited to be approximately $1,000. However,
there is a paucity of recent literature that confirms this estimate. The purpose of this study was to perform
a systematic review of the literature that estimates the attributable cost of CAUTIs in the United States.
Methods: A systematic review was conducted using Pubmed. Studies conducted between the years 2000
and 2017, conducted at a facility within the United States, and that used novel patient-level cost data
were included. Attributable cost estimates were adjusted for inflation to 2016 U.S. dollars using the medical
care component of the Consumer Price Index.
Results: Only 4 articles met our inclusion criteria. Adjusted to 2016 U.S. dollars, the attributable costs
of a CAUTI as reported in these studies were: $876 (inpatient cost to the hospital for additional diagnos-
tic tests and medications); $1,764 (inpatient cost to Medicare for non-intensive care unit [ICU] patients);
$7,670 (inpatient and outpatient costs to Medicare); $8,398 (inpatient cost to the hospital for pediatric
patients); and $10,197 (inpatient cost to Medicare for ICU patients).
Conclusions: The cost of a CAUTI ranges widely depending on population, patient acuity, and cost per-
spective. Attributable costs likely exceed $1,000. Additional research is needed to assess the full economic
effect of CAUTIs.

© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.

Catheter-associated urinary tract infections (CAUTIs) are a
common complication of indwelling catheters. In fact, CAUTIs are
the most common healthcare-associated condition (HAC) in the
United States.1 Identifying the precise number of CAUTIs that
occur in the United States is difficult. However, based on surveil-
lance data reported to the Centers for Disease Control and Prevention
(CDC) National Healthcare Safety Network (NHSN) in the year
2013, the incidence of CAUTIs ranged from 0.1 to 3.1 for adult
inpatient floors, 1.2 to 5.3 for adult critical care units, and 1.4 to
3.4 for pediatric medical and critical care units (all were per 1,000
catheter days).2 The incidence of CAUTIs in long-term care set-
tings such as inpatient rehabilitation facilities and chronic care
units ranged from 1.5 to 3.3 per 1,000 catheter days for adult and
pediatric patients.2

There are several risk factors for CAUTIs, including older age,
female sex, and diabetes.3-5 The most important risk factor, however,
is the use of an indwelling catheter, such as a Foley catheter. In fact,
most CAUTI prevention interventions focus primarily on limiting the
use and duration of urinary catheters.6,7 Still, 15%-25% of all hos-
pitalized patients receive urinary catheters,8 and CAUTIs will likely
remain a costly and preventable challenge for the foreseeable
future.9-11 A secondary bacteremia that develops from a CAUTI will
add additional expense and should also be considered as contrib-
uting to the overall economic burden.

In 2008, Medicare ceased reimbursing hospitals for CAUTIs
and other preventable HACs as part of the Hospital Acquired
Conditions Reduction Program (HACRP), creating a financial incen-
tive for prevention efforts. To appropriately respond to the financial
incentive under the HACRP, hospitals need to know the full
economic burden of CAUTIs. Currently, there is a paucity of
studies available that provide an up-to-date and relevant perspec-
tive of the national economic burden of CAUTIs. An important
part of estimating the national burden is first estimating the
attributable costs of CAUTIs. Attributable costs of infections
are excess costs—costs that are directly due to the infection. The
purpose of this study was to perform a systematic review of the
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literature that estimates the attributable cost of CAUTIs in the
United States.

METHODS

This study was a systematic review of the attributable costs of
CAUTIs in the United States. PubMed was used to conduct an elec-
tronic search of the biomedical literature published from 2000 to
2017. To locate only studies conducted within the United States and
studies that contained authentic patient-level cost data (versus meta-
analyses), we chose PubMed as our sole database. Additionally, we
assumed that databases that focus on specific diseases (eg, AIDS or
cancer) would be unlikely to contain articles with a broad enough
perspective. Thus, within PubMed, we searched for all studies that
provided an estimate of the attributable costs of CAUTIs. The fol-
lowing search terms and combinations of search terms were used:
“cauti,” “ca-uti,” “catheter-associated urinary tract infection,” and
“cost.” The most recent search was performed on February 1, 2017.

Only studies in which cost data were collected as part of the study
were included; systematic reviews, editorial articles, and studies that
merely reported previous cost estimates were excluded. Cost studies
were collected regardless of perspective (hospital, third-party payer,
societal, etc.); however, studies that reported charges were ex-

cluded. Charges are the prices that providers set for their goods and
services. However, providers do not expect to be paid full charges
by most patients, because most patients are insured. Since hospi-
tal charges are often grossly inflated relative to actual cost, they do
not accurately represent a cost from any relevant perspective (pa-
tients, providers, or payers). This fact has been well established in
the literature.12-14

Because practice patterns and resource utilization regarding use
of catheters can differ across countries, our review was further
limited to only those studies performed in the United States and
published in English-language journals. Studies were also ex-
cluded if they failed to use cost data and if they were published prior
to 2000. Bibliographies of articles meeting our inclusion criteria were
then reviewed to identify any additional studies missed in our elec-
tronic search.

Costs reported in the articles were adjusted for inflation to
2016 U.S. dollars using the medical care component of the Con-
sumer Price Index, published by the Bureau of Labor Statistics.

RESULTS

Figure 1 presents a Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) diagram detailing the results

Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of electronic literature search
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of our literature search and outlines how we arrived at our final col-
lection of articles. Our initial electronic search yielded a total of 125
studies with potentially relevant data based on our search terms.
Eighty-six articles were removed from consideration after exclud-
ing duplicate articles and articles that did not report attributable
costs. After applying additional exclusion criteria, we were left with
4 articles that were retrieved and included in the study. No addi-
tional studies meeting inclusion criteria were found.

Table 1 gives an overview of the studies included in our analy-
sis. Of the 4 studies reviewed, 2 adopted the cost perspective of the
hospital, whereas the remaining 2 took the perspective of the cost
to Medicare. Attributable cost estimates from the hospital perspec-
tive ranged from approximately $875 for diagnostic and medication
costs only15 to nearly $8,400 for pediatric patients.16 From the Medi-
care perspective, attributable costs ranged from nearly $1,800 for
non-intensive care unit (ICU) patients to approximately $10,200 for
ICU patients.17,18

The Tambyah et al. study15 reported only the excess costs for di-
agnostic tests and medications associated with CAUTIs. Their
prospective study was conducted at a university hospital and in-
cluded approximately 1,500 newly catheterized adult patients. Of
these patients, 235 acquired a CAUTI, but only about half of these
(n = 123) received treatment; the rest were asymptomatic and did
not receive treatment. The finding was that the 123 CAUTI cases
taken in aggregate were responsible for an additional $20,662 in
diagnostic tests and $35,872 in medication costs, or an average cost
of $589 (1998 U.S. dollars) per CAUTI. Adjusting for inflation, this
equates to $876 per CAUTI in 2016 U.S. dollars.

Tambyah et al. also estimated costs as a function of infection eti-
ology. CAUTIs caused by Escherichia coli had a lower cost than CAUTIs
caused by other gram-negative bacteria or yeast ($363.3 for E. coli;
$690.4 for other gram-negative bacteria; $821.2 for yeast—in
1998 U.S. dollars). In 2016 U.S. dollars, these costs are $540 for E.
coli, $1,027 for other gram-negative bacteria, and $1,222 for yeasts.

Yi et al. studied the cost of CAUTIs from Medicare’s perspective.18

This study used data from Medicare inpatient claims, the NHSN, and
the Medicare and Provider Analysis and Review (MedPAR). Medi-
care beneficiaries hospitalized in 2009 were stratified by whether
a CAUTI had been reported to the NHSN for that beneficiary and
also by whether their hospitalization involved an ICU admission.
CAUTI patients were frequency matched to non-CAUTI patients in
a 1:5 fashion according to ICU status and the Agency for Health-
care Research and Quality’s Clinical Classifications Software system.
Separate regression models were used to assess costs to Medicare
for ICU patients versus non-ICU patients; CAUTI status was used as
a covariate in each model to observe its effect on cost after con-
trolling for patient- and hospital-level factors. The regression model
for the ICU cohort revealed that having a CAUTI significantly in-
creased the cost to Medicare by an additional $8,548 (2009 U.S.
dollars) compared to not contracting a CAUTI while in the hospi-
tal (P< .0001). Likewise, the regression model for the non-ICU cohort
revealed that having a CAUTI increased the cost to Medicare by an
additional $1,479 (2009 U.S. dollars) compared to patients who did
not contract a CAUTI (P< .0001). Adjusting these values for infla-
tion, the Medicare costs increased to $10,197 for ICU patients and
$1,764 for non-ICU patients (2016 U.S. dollars).

The study by Kandilov et al. also used Medicare inpatient claims
data from MedPAR, as well as outpatient claims data from the Medi-
care Standard Analytic Files.17 Medicare payments from a patient’s
index hospitalization, as well as all payments made for outpa-
tient, physician, home health, and hospice care received during a
90-day follow-up period, were analyzed. Each CAUTI case was
matched with 5 controls on the basis of diagnosis group, age, sex,
and race. Total attributable costs to Medicare for CAUTIs were es-
timated using the matched sample and a log-linear regression model

with hospital fixed effects. A statistically significant difference was
observed in total Medicare payments between the CAUTI cases and
their matched non-CAUTI controls of $6,429 (P< .001). Adjusted for
inflation, this translates to $7,670 in 2016 U.S. dollars.

Goudie et al. investigated the attributable cost of CAUTIs in sur-
gical pediatric patients (ages 1-17 years).16 Data were collected from
the Healthcare Cost and Utilization Project (HCUP) Nationwide In-
patient Sample (NIS) and were limited to the years 2009-2011.
Differences in a patient’s clinical severity were controlled using pro-
pensity score analysis. Each CAUTI case was matched with 2 controls
to account for the fact that medically complex patients are simply
more expensive to manage overall. The study investigators con-
verted the charges available in HCUP-NIS’s database into costs using
cost-to-charge ratios. The findings of this study were an incidence
rate of 130 CAUTIs per 10,000 at-risk pediatric patient discharges
and an attributable cost of $7,200 (2011 U.S. dollars) for a pediat-
ric CAUTI. Adjusted for inflation, the attributable cost of a pediatric
CAUTI is approximately $8,398 in 2016 U.S. dollars.

CONCLUSIONS

Our systematic review of the literature identified only 4 studies
that produced original estimates of the attributable costs of CAUTIs
in the United Statew since the year 2000. In 2016 U.S. dollars, the
reported attributable costs of CAUTIs were $876 (inpatient costs to
the hospital for additional diagnostic tests and medications); $1,764
(inpatient costs to Medicare for non-ICU patients); $7,670 (inpa-
tient and outpatient costs to Medicare); $8,398 (inpatient costs to
the hospital for pediatric patients); and $10,197 (inpatient costs to
Medicare for ICU patients).

The costs reported in the 4 included studies should be inter-
preted and compared with caution. Since there was a mix of cost
perspectives (hospital vs. Medicare) and patient populations (adult
vs. pediatric), it is not feasible to compare them directly to one
another. However, we can conclude that the prevailing notion of a
CAUTI costing approximately $1,000 is an underestimate and an over-
simplification of its true economic burden. Many factors can increase
the attributable cost well above $1,000. These include patient pop-
ulation (adult or pediatric patients), setting (ICU or non-ICU),
infection etiology (resistant gram-negative pathogens and yeasts),
and cost perspective (Medicare as payer, hospital, societal), to name
a few.

Complications of CAUTIs, such as a secondary bacteremia, were
not considered in any of the 4 included studies. However, CAUTIs
have historically been reported as the primary cause of secondary
hospital-acquired bacteremias, with approximately 17% of blood
stream infections arising from a urinary source.19,20 Such serious com-
plications will certainly have cost implications. These may include
the cost of multiple blood cultures, additional days of parenteral
antibiotics, and a longer length of stay in the hospital. Although the
incidence of secondary bacteremia in the setting of a CAUTI itself
is relatively low (1%-4%), 1 study reported that it could increase the
total cost of treatment by nearly $3,000 (in 1998 U.S. dollars; by
$4,400 in 2016 U.S. dollars).21,22 The cost contribution of any resul-
tant bloodstream infection should at least be considered when
attempting to gain an accurate picture of the entire cost burden of
CAUTIs.

An additional weakness of 3 of our 4 included studies is that they
did not account for CAUTIs that developed after the patient was dis-
charged. According to Infectious Diseases Society of America clinical
practice guidelines for CAUTIs, a urinary tract infection that devel-
ops within 48 hours after catheter removal is still attributable to
the catheter, even if that patient has already been discharged.23 This
likely represents a portion of the CAUTI patient population that has
not been accounted for in cost estimations.
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Table 1
Summary of studies reporting the attributable cost of CAUTIs in the United States

Author
Year of

pub. Patient population Data source Setting Sample size (N)
Cost

perspective Study design Costs collected
Attributable costs

(reported)
Attributable costs
(2016 U.S. dollars)

Additional statistics
reported

Tambyah
et al.

2002 Adults University
hospital

Inpatient 1,497
(123 CAUTIs)

Hospital Prospective,
observational

Laboratory and
medication costs

$589 $876 Standard deviation:
± $1,265

Kandilov
et al.

2014 Medicare
beneficiaries

MedPAR,
MSAF

Inpatient and
outpatient

5,161 cases,
24,984 controls

Medicare Retrospective case-
control

(1:5 matching)

Total Medicare
program
payments

$6,429 $7,670 P < .001 for costs of
cases compared to
controls.

17.5% difference
(unadjusted).

Multivariate analysis:
24.5% point estimate

for cost difference;
95% CI: 20.6%-28.4%

Yi et al. 2014 Medicare
beneficiaries
(CO, IL, NH, NY,
PA, SC, TN, VA)

NHSN,
MedPAR,
BASF

ICU vs. non-ICU
(inpatient)

884 cases,
4,410 controls

Medicare Retrospective case-
control

(1:5 matching)

Total Medicare
program
payments

ICU:
$18,979 (unadjusted);
$8,548 (adjusted)
Non-ICU:
$4,281 (unadjusted);
$1,479 (adjusted).

ICU:
$10,197
(adjusted value).
Non-ICU:
$1,764
(adjusted value)

P<.0001 for adjusted
costs in both ICU and
non-ICU cohorts

95% CIs:
$6,062-$11,035 (ICU),
$909-$2,050 (non-ICU)

Goudie
et al.

2015 Pediatric HCUP-NIS Inpatient 1,513 cases,
3,026 controls

Hospital Retrospective case-
control (1:2
propensity score
matching)

Total inpatient
charges were
converted to
costs using cost-
to-charge ratios

$7,200 $8,398 95% CI:
$2,224-$12,176
Relative ratio (cases/

controls):
1.44 (95% CI: 1.09-1.87)

Adjusted indicates results from a multivariable regression analysis.
BASF, Beneficiary Annual Summary File; CAUTI, catherter-associated urinary tract infection; CI, confidence interval; HCUP, Healthcare Cost and Utilization Project; ICU, intensive care unit; MedPAR, Medicare Provider Anal-
ysis and Review; MSAF, Medicare Standard Analytic Files; NHSN, National Healthcare Safety Network; NIS, National Inpatient Sample.
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Several studies that discuss the cost of CAUTIs were not in-
cluded in our review. Most of these studies were attempts to estimate
the global burden of CAUTIs using estimates of prevalence com-
bined with cost data either directly14,24-26 or indirectly27-30 from
Tambyah et al. Other studies were excluded because they were per-
formed outside of the United States, which makes cost comparisons
difficult given differences in both practice patterns and healthcare
financing.31-36 Still other studies used cumulative incidence data and
line-item costs to estimate attributable costs in place of actual patient
cost data,22 or they were quality improvement initiatives measur-
ing cost reductions when antimicrobial catheters were used.26-28,37-40

The attributable costs cited in these excluded articles and reviews
were $676 (1998 U.S. dollars)22; $862 (2007 U.S. dollars)14; $1,007
(2007 U.S. dollars)14; $2,041 (1998 U.S. dollars)38; and $2,471-
$3,391 (1999 U.S. dollars).37

The costs for CAUTIs summarized in a CDC report by Scott14 have
been frequently cited, but these costs are derived from other studies,
including Tambyah et al.,15 Anderson et al.41 (who used costs from
2 foreign studies36,42), and Stone et al.25,43 (who also used esti-
mates from Tambyah et al.). Studies published before the year 2000
that addressed cost of CAUTIs were not included in our analysis
because healthcare practices have changed substantially in the
interim.37,42,44-52

In 2009, the CDC’s NHSN suggested that the total economic
burden of CAUTIs was $340 million in the United States. This was
based on the assumption that the attributable cost of CAUTIs was
$758 and the total number of CAUTIs per year was 449,334. If we
assume 1) that admission trends have continued on their previ-
ous trajectory; 2) that 20% of critical care admissions require an ICU
stay; and 3) that CAUTIs cost $10,197 in the ICU, $1,764 in non-
ICU settings, and $8,398 for pediatric patients, then the total
economic burden in 2016 dollars approaches $1.7 billion annually
in the United States.

The study by Tambyah et al. has become a reference point for
many researchers and infection control professionals, and it is fre-
quently cited in other studies and reports, including the most recent
CDC report on the status of healthcare-associated infections in U.S.
hospitals and their direct medical costs.53 However, a limitation of
this study is that it included only diagnostic and medication costs
that could be attributable to treating the CAUTI. Other cost drivers,
such as increased hospital length of stay, were not included; there-
fore, even when the cost is adjusted for inflation, the cost reported
is likely a substantial underestimate of the true total attributable
cost.

An important and unique contribution of the Tambyah et al. study
is that pathogen type may play a role in the cost to treat CAUTIs.
Such a notion is reasonable when considering the treatment im-
plications of multi-drug resistant organisms (MDROs). For MDROs,
first-line empiric antimicrobials given to the patient before the urine
culture and susceptibilities report are available will be largely in-
effective. Thus, the patient will not begin to improve until broader-
spectrum antibiotics or larger doses are administered. This delay
in appropriate treatment could contribute to added costs by re-
quiring more days of antibiotic therapy, requiring use of more costly
antibiotics, and/or increasing the patient’s length of hospital stay.

The increasing prevalence of multi-drug resistant pathogens iso-
lated from CAUTIs is evident in the CDC’s NHSN surveillance data.54-56

Multi-drug resistant strains of E. coli, Pseudomonas aeruginosa,
Enterobacter spp., Klebsiella, and Enterococcus faecalis have all shown
increases from 2007 to 2014. MDROs can be especially prevalent
in the setting of CAUTIs where bacteria tend to grow in biofilms on
the inner surface of urinary catheter tubing.21 Because bacteria
growing in biofilms grow more slowly and can participate in unique
cell signaling between one another, they can be particularly resis-
tant to many antibiotics that would otherwise be effective for that

pathogen.21 Thus, MDROs in the setting of CAUTIs are likely to persist
as barriers to treatment and affect costs now and well into the future.

The study by Yi et al. suggested that the overall clinical severi-
ty of a patient may influence costs to treat a CAUTI. One author has
suggested that underlying diseases may be synergistic with hospital-
acquired infections, especially MDRO infections.57 Thus, sicker
patients may experience a disproportionate decline in clinical se-
verity compared to less clinically severe patients, even when infected
with the same pathogen. Another possible explanation for Yi et al.’s
findings are that ICU patients will of necessity remain on intrave-
nous antibiotics for a longer period of time than their non-ICU
counterparts, who can be switched to less expensive orals faster as
their health state improves. Targeted prevention of CAUTIs in ICU
patients may be warranted to yield substantial cost savings.

An important contribution of Kandilov et al. was that they con-
sidered all costs up to 90 days after discharge. Care for a CAUTI may
continue after a patient leaves the hospital, either because the patient
will finish a course of antibiotics outside the hospital or because
the infection was not detected until after discharge. These factors
affect CAUTIs’ total economic burden and have largely been ignored
by other studies.

The findings by Goudie et al. suggest that treating a CAUTI in a
pediatric patient can be costlier compared to an adult patient.16 Al-
though it is unclear why this may be, a contributing factor could
be a difference in drug therapy. Fluoroquinolones, for example, are
often a treatment option for CAUTIs in adults; however, they are
not necessarily the drug of choice in children, due to the risk of
tendon rupture. The use of alternative therapies in children may con-
tribute to increased costs. A major strength of the Goudie et al. study
was its use of a propensity score matching algorithm to control for
differences in clinical severity. Thus, matching a CAUTI patient to
1 or more non-CAUTI patients of similar clinical severity helped
ensure that cost differences were representative of CAUTIs’ attrib-
utable costs rather than the differences in medical complexity alone.
Their use of a large national database instills further confidence in
their results and conclusions.

A major limitation of our systematic review is that we could not
perform a meta-analysis on the available cost estimates found in
the literature. The varying study populations (adult, pediatric, Medi-
care beneficiaries, ICU, and non-ICU), as well as the differing study
designs (case-control, cohort studies, etc.) and cost perspectives pre-
cluded a reliable pooling of the data. Another issue is that there are
indirect implications for CAUTIs faced by hospitals that are not re-
flected in these estimates of the cost of CAUTIs. Although a higher
rate of CAUTIs does not guarantee that a hospital will face penal-
ties under the HACRP, it does place hospitals at greater risk of
meeting the threshold for financial penalties. Thus, even these at-
tributable costs likely underestimate the total burden to hospitals
for CAUTIs.

Since the HACRP took effect in 2008, CAUTIs and other HACs are
no longer reimbursable.9-11 The goal of the legislation was to promote
safer practices within all types of healthcare settings and to en-
courage improvement initiatives. As healthcare facilities consider
their own best practices, it is instructive to have an accurate esti-
mate of the attributable costs of CAUTIs. This provides the means
to assess the economic value of new initiatives and guide deci-
sions about the level of investment in prevention.

Additional research is needed to better understand the attrib-
utable cost of CAUTIs among non-Medicare patients, in all-payer
inpatient settings, and among individuals residing in long-term care
facilities. The work by Yi et al. and Goudie et al. both noted ex-
tended length of stays for patients with CAUTIs. However, this would
be another facet of attributable costs worthy of further study due
to its significant contribution to costs and in light of the current
debate on how to value time-dependent bias. Such information will
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help clinical decision-makers and hospital administrators better un-
derstand the implications of performance improvement and newer
technologies that may prevent CAUTIs.
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