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KEY POINTS

� Catheter-associated urinary tract infections (CAUTIs) are common and costly.

� CAUTI is often caused by hospital-based pathogens with a propensity toward antimicro-
bial resistance.

� Duration of urinary catheterization is the predominant risk for CAUTI; preventive measures
directed at limiting placement and early removal of urinary catheters can successfully
decrease catheter use and CAUTI rates.

� Intervention bundles and collaboratives are powerful tools for implementing preventive
measures for health care–associated infections, including CAUTI.
INTRODUCTION

Preventive measures have improved the incidence of health care–associated urinary
tract infections (UTIs) in US hospitals, but the Centers for Disease Control and Preven-
tion (CDC) estimated that, in 2011, 93,300 catheter-associated UTIs (CAUTIs)
occurred in US hospitals.1 UTI still accounts for 12.9% of health care–associated in-
fections (HAIs) and 23% of infections in the intensive care unit (ICU).1–3 Most UTIs are
related to indwelling urinary catheters; approximately 70% of UTIs (and 95% of UTIs
occurring in ICUs) develop in patients with urinary catheters.4

CAUTI has significant impact on clinical outcomes, including mortality, length of
hospital stay, and cost.5,6 It is estimated that 65% to 70% of these infections are pre-
ventable,7,8 thus the Centers for Medicare and Medicaid Services (CMS) has not reim-
bursed hospitals for the extra costs of managing patients with hospital-acquired
CAUTI for more than a decade.9 As a result, prevention of CAUTI has become a priority
for most hospitals. This article reviews the epidemiology and pathogenesis, with a
focus on preventing CAUTI.
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PATHOGENESIS

Humans have innate defense mechanisms, such as length of urethra and micturition,
that prevent attachment and migration of pathogens into the bladder; urinary cathe-
ters interfere with these natural defenses.2,10 Biofilms, composed of clusters of micro-
organisms and extracellular matrix, deposit on all surfaces of urinary catheters and
allow bacterial attachment.11,12 Biofilms also provide a protective environment from
immune cells and antimicrobials. In addition, microorganisms growmore slowly in bio-
films, decreasing the effects of many antimicrobials.11,12 Despite slow growth, micro-
organisms within the biofilm may ascend the catheter to the bladder in 1 to 3 days.
Typically, the biofilm is composed of 1 type of microorganism, although polymicrobial
biofilms are possible.11,12

Most microorganisms causing CAUTI are endogenous organisms colonizing the pa-
tient’s intestinal tract and perineum, entering the bladder by ascending the urethra
from the perineum.13 Approximately 66% of the time, organisms migrate in the biofilm
on the external surface of the catheter. A smaller proportion of infections (w34%) are
acquired from intraluminal contamination of the collection system from exogenous
sources resulting from cross-transmission of organisms from the hands of health
care personnel.12,13 Rarely, organisms such as Staphylococcus aureus spread from
a hematogenous source and cause upper UTI.
Most CAUTIs are caused by microorganisms from the patient’s own gastrointestinal

tract; however, approximately 15% of episodes of health care–associated bacteriuria
occur in clusters from intrahospital transmission from one patient to another.2,12 Most
of these hospital-based outbreaks have been associated with improper hand hygiene
by health care personnel.

EPIDEMIOLOGY OF CATHETER-ASSOCIATED URINARY TRACT INFECTION

Rates of CAUTI in US hospitals have declined significantly since 1990, because of
increased emphasis on prevention.14 Rates of CAUTI in ICUs, reported through the
National Healthcare Safety Network (NHSN) in 2013, ranged from to 1.3 UTIs/1000
catheter-days in small medical/surgical ICUs to 5.3 UTIs/1000 catheter-days in neuro-
surgical ICUs. General care wards had rates of CAUTI similar to the ICU setting,
ranging from 0.2 to 3.2/1000 catheter-days; the highest rates occurred in hematology
and rehabilitation wards.15 CAUTIs in pediatric ICUs occur at a rate of 0 to 3.4 UTIs/
1000 catheter-days; CAUTI rates in pediatric ICUs in the United States may not be
decreasing as in other ICUs.15,16 In a community hospital consortium, rates of CAUTI
were found to be similar in ICU and non-ICU care units, but 72%of CAUTIs occurred in
non-ICU patients, suggesting targeted prevention efforts for non-ICU patients may
have a significant impact.17 In non-US settings, rates of CAUTI reported through the
International Nosocomial Infection Control Consortium 2010 to 2015, were generally
higher than those reported through NHSN, with a range of 1.66 CAUTIs/1000
catheter-days in surgical cardiothoracic ICUs to 17.17 CAUTIs/1000 catheter-days
in neurologic ICUs.18 In addition, NHSN has recently reported CAUTI surveillance
data collected between 2013 and 2016, in long-term care facilities in the United
States; rates of CAUTI (0.49 CAUTI/1000 catheter-days) were lower than previously
reported rates from hospitals discussed earlier.19

Microbial Cause of Catheter-associated Urinary Tract Infection

Enterobacteriaceae are the most common pathogens associated with CAUTI,20 but, in
the ICU setting, Pseudomonas sp, Candida sp, and Enterococcus sp become more
prevalent.20,21 Antimicrobial resistance in CAUTI isolates from ICU patients has
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increased in recent decades; in summary reports from the NHSN 2015 to 2017, 31.1%
of Escherichia coli isolates from patients with CAUTIs were nonsusceptible to fluoro-
quinolones.20 In addition, 16.6% of Klebsiella sp and 16% of E coli isolates from pa-
tients with CAUTIs produced extended-spectrum beta-lactamases (ESBLs).20

Resistance to antibiotics in CAUTI isolates was even greater in long-term acute care
hospitals, where 48.2% of Klebsiella sp showed ESBL-mediated (48%) or carbape-
nem resistance (23.1%).20

Risk Factors for Catheter-associated Urinary Tract Infection

Up to 95% of UTIs in the ICU are associated with an indwelling urinary catheter;
duration of catheterization is the most important risk factor for CAUTI.17,22 The pre-
cursor of CAUTI is bacteriuria, which develops at an average rate of 3% to 10% per
day of catheterization. Virtually all patients catheterized for a month develop bacte-
riuria, so catheterization for longer than 1 month is generally defined as long-term
catheterization.22

Table 1 outlines major risk factors for CAUTI. Women have a higher risk of bacteri-
uria than men, and heavy bacterial colonization of the perineum increases that risk.
Other patient factors identified in 1 or more studies include rapidly fatal underlying
illness, age greater than 50 years, nonsurgical disease, hospitalization on an orthope-
dic or urologic service, catheter insertion after the sixth day of hospitalization, catheter
inserted outside the operating room, diabetes mellitus, and serum creatinine level
greater than 2 mg/dL at the time of catheterization. Nonadherence to aseptic catheter
care recommendations has been associated with increased risk of bacteriuria,
whereas systemic antimicrobial agents have a protective effect on bacteriuria (relative
risk 5 2.0–3.9).22 Additional risk factors for hospitalized children include prematurity,
underlying urogenital abnormalities, neurologic disorders, and immune compromised
state.23,24

Catheter-associated bacteremia occurs in fewer than 4% of CAUTIs25,26; therefore,
risk factors for UTI-associated bacteremia are incompletely understood. Risk factors
for bloodstream infections from a urinary source from early studies included infections
caused by Serratia marcescens, male sex, immunosuppressant therapy, history of
malignancy, cigarette use in the past 5 years, and number of hospital days before
bacteriuria.26,27 In more recent studies, independent predictors of bloodstream infec-
tion included neutropenia, diabetes mellitus, malignancy, renal disease, and male
sex26,28; prevention strategies for those patients at highest risk of bacteremia should
be considered in an overall CAUTI prevention program.
Table 1
Risk factors for catheter-associated urinary tract infection

Modifiable Risk Factors
Nonmodifiable Risk
Factors

Duration of catheterization Female sex

Nonadherence to aseptic catheter care
(ie, opening closed system)

Severe underlying illness

Lower professional training of inserter Nonsurgical disease

Catheter insertion outside operating room Age>50 y

Catheter insertion after sixth day of hospitalization Diabetes mellitus

— Serum creatinine >2 mg/dL

Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en diciembre 06, 2021. Para uso personal exclusivamente. No se 

permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.



Chenoweth860
SURVEILLANCE FOR CATHETER-ASSOCIATED URINARY TRACT INFECTIONS

An essential element of any improvement initiative is to measure the prevalence of the
condition or surrogate marker, with feedback of the results of interventions to clinical
care providers. The NHSN surveillance definition for health care–associated UTI has
been the standard for interhospital comparison of CAUTI rates.29

Clinical diagnosis of CAUTI remains challenging, because bacteriuria is not a reli-
able indicator of symptomatic UTI in the setting of catheterization.30,31 However, re-
sults of cultures may be affected by collection technique; improperly handled
cultures may grow significant numbers of bacteria.32,33

Urine cultures are often collected for inappropriate reasons or as part of a generic
fever evaluation, without symptoms referable to the urinary tract.34,35 In such cases,
asymptomatic bacteriuria may result in designation of CAUTI in surveillance data,
even when another source of fever has been identified.2 Interventions promoting the
stewardship of cultures, as part of a multifaceted approach, have resulted in improve-
ment in CAUTI rates in ICUs.36 In addition to lack of specificity, the culture-based def-
initions of CAUTI may lack sensitivity.37

Positive urine cultures often lead to inappropriate treatment of asymptomatic
UTI.38–40 However, the distinction of asymptomatic versus symptomatic UTI is clini-
cally important, because asymptomatic catheter-associated bacteriuria rarely results
in adverse outcomes30,41 and treatment is not recommended.41

The NHSN symptomatic CAUTI rate (UTIs per 1000 urinary catheter-days) is the
most widely accepted measure for infection surveillance, and is endorsed by the
CDC and Society for Healthcare Epidemiology of America/Infectious Diseases Society
of America practice recommendation. However, as hospitals decrease their catheter-
ization use, a paradoxic increase in rate of UTI per 1000 catheter-days may be
observed.42 This increase has led some experts to recommend the rate of UTIs per
patient-days or device use as a more appropriate outcome measure for CAUTI pre-
vention initiatives.43–45 A recent study suggests that health care–associated CAUTI
may be common within 30 days after hospital discharge, suggesting that surveillance
efforts may need to be expanded46; more studies will be necessary to confirm the sig-
nificance of this finding.
Because CMS has included CAUTI as one of the hospital-acquired complications

that will not be reimbursed, hospitals have had increased attention on CAUTI
rates.9,47,48 In addition, beginning in 2012, CMS has required, as a condition of partic-
ipation, that hospitals submit ICU-level CAUTI rates to NHSN. To date, the CMS
hospital-acquired conditions policy does seem to have resulted in immediate reduc-
tions, followed by possible leveling off, in billing rates for CAUTI from US hospitals.47,48

PREVENTING CATHETER-ASSOCIATED URINARY TRACT INFECTION

Several guidelines have been developed for prevention of CAUTI.49–51 It has been esti-
mated that an intervention resulting in a feasible reduction in urinary catheter use
could lead to a w50% reduction in CAUTI-related costs.52 General strategies have
been formulated for prevention of all HAIs, whereas specific strategies have been tar-
geted at risk factors for CAUTI (Box 1).

General Strategies for Prevention

Most outbreaks of urinary pathogens have been linked to inadequate employee hand
hygiene; strict adherence to hand hygiene is essential for prevention of all HAIs,
including UTI.53 The urinary tract of hospitalized patients, especially those in an ICU
setting, represents a significant reservoir for multidrug-resistant organisms
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Box 1

Key strategies for prevention of catheter-associated urinary tract infection

Avoid insertion of indwelling urinary catheters
� Placement only for appropriate indications (see Box 2)
� Institutional protocols for placement, including perioperative setting

Early removal of indwelling catheters
� Checklist or daily reminder
� Nurse-based or physician-based interventions
� Electronic reminders
� Automatic stop orders

Consider alternatives to indwelling catheterization
� Intermittent catheterization
� Condom catheter
� Portable bladder ultrasonography scanner

Proper techniques for insertion and maintenance of catheters
� Sterile insertion
� Secure catheter to prevent movement
� Maintain closed drainage system
� Maintain unobstructed urine flow
� Avoid routine bladder irrigation

Institutional support for CAUTI prevention program
� Policy development and implementation
� Education
� Surveillance for catheter use, CAUTI

Data from Refs.49–51
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(MDROs).20 Indwelling devices, including urinary catheters, increase the risk of colo-
nization with MDROs, and therefore limiting their use is an important strategy for pre-
vention of MDRO transmission in health care settings.54

Judicious use of antibiotics, as part of an overall antimicrobial stewardship program,
is an important strategy to prevent development of antimicrobial resistance related to
urinary catheters.54,55 Inappropriate antimicrobial treatment of bacteriuria in hospital-
ized patients, especially those with indwelling catheterization, is a significant risk for
colonization with MDROs.35,39,40,55 Educational sessions and audit and feedback to
care providers have been used successfully to decrease overdiagnosis of CAUTI
and associated inappropriate antibiotic use.56,57

Systemic antimicrobial therapy reduces the risk of CAUTI.22 However, because of
issues of cost, potential adverse effects, and selection for multidrug-resistant organ-
isms, systemic antimicrobial therapy for the purpose of preventing CAUTI is not
currently recommended.50 A recent meta-analysis suggests that antimicrobial treat-
ment at the time of removal of a short-term (<14 days) urinary catheter, reduces the
risk of UTI.58 Studies are needed to further define those patients in whom the benefit
of reducing UTI outweigh these risks of antimicrobial therapy at the time of urinary
catheter removal.58
Specific Strategies for Prevention

Limitation of use of urinary catheters
The dominant risk factor for health care–associated UTI is the presence of an
indwelling urinary catheter; therefore, the most important strategy for CAUTI preven-
tion is avoiding or limiting urinary catheterization.49,50 Regional geographic variations
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in urinary catheter use have been identified, suggesting there is room for improvement
of catheter usage.59

Decreasing catheter usage requires interventions at several stages of the life cycle
of a urinary catheter.60 A critical first step is avoiding placement of indwelling urinary
catheters; catheters should be inserted only for appropriate indications (Box 2).50

Despite these recommendations, urinary catheters are placed for inappropriate indi-
cations in 21% to 50% of catheterized patients.59,62,63 Many institutions, believing
they followed national guidelines, allowed indications for urinary catheter use that
were not currently recommended in guidelines.62 In addition, multiple perceptions
of risk, some non–evidence based, were used by health care providers to determine
whether urinary catheter use was necessary; CAUTI prevention initiatives should be
formulated with the awareness of these other perceived risks with strategies to
address those that are not evidence based.64

In a statewide CAUTI prevention initiative, barriers to reducing catheterization
included catheter insertion practices in the emergency department.65 Therefore, suc-
cessful interventions may be targeted at hospital locations where initial urinary cath-
eter placement usually occurs, such as emergency departments and operating
rooms.45

Once placed, strategies for early removal of urinary catheters become essential. Uri-
nary catheter management based on physicians’ orders alone may be inadequate
because physicians are frequently unaware that a patient has a urinary catheter. In
1 study, 28% of physicians were unaware that their patients had catheters, with
lack of awareness increasing with level of training.63 In addition, surveys of house staff
reported that although house staff were aware of CAUTI prevention guidelines,
Box 2

Indications for indwelling urinary catheters

Urinary retention
� Acute urinary retention without bladder outlet obstruction
� Acute urinary obstruction with bladder outlet obstruction caused by noninfectious,

nontraumatic diagnosis
� Chronic urinary retention with bladder outlet obstruction

Stage III, IV, or unstageable pressure ulcer or other severe wounds that cannot be kept clean
despite other strategies

Urinary incontinence that cannot be addressed by noncatheter methods

Accurate monitoring of urine output or urine collection
� Hourly measurement of urine volume required for treatment
� Daily measurement of urine volume that is required and cannot be assessed by other urine

collection strategies
� Single 24-hour urine sample collection for a diagnostic test that cannot be collected through

other means

Management of gross hematuria with blood clots in urine

Improvement of patient comfort
� Address patient and family goals for dying patients
� Reduce acute, severe pain with movement when other urine management strategies are

difficult
� Clinical condition for which intermittent catheterization or external catheter placement was

difficult or bladder emptying was inadequate

Data from Refs.49,50,61
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application of catheter prevention practices generally fell short of national goals.66,67

Nurse- or computer-generated reminders or automatic stop orders are important tools
for early removal of urinary catheters; a systematic review and meta-analysis reported
that urinary catheter reminder systems and stop orders seemed to reduce mean dura-
tion of catheterization by 37% and CAUTI by 52%.68

Nurse-driven interventions have shown effectiveness in reducing duration of cathe-
terization.69,70 Such interventions are easy to implement and may consist of either a
written notice or a verbal contact with the physician regarding the presence of a uri-
nary catheter and alternative options. A statewide CAUTI initiative, using this strategy,
resulted in a significant decrease in catheter use and increase in appropriate indica-
tions of catheters.69 Physician-initiated reminders may be more effective than
nurse-initiated reminders for decreasing duration of urinary catheterization.71 Barriers
to implementation of nurse-driven intervention included difficulty with physician and
nurse engagement45; strategies for health care worker engagement are discussed
later.
Computerized physician order entry systems may offer a more cost-effective and

efficient system to reduce both placement of catheters and duration of catheteriza-
tion.68,72,73 Cornia and colleagues73 found that a computerized reminder reduced
the duration of catheterization by 3 days. A more recent study of a computerized clin-
ical decision support system decreased urinary catheter use from 0.22 to 0.19
(P<.001) and CAUTI from 0.84 CAUTI/1000 patient-days to 0.51 CAUTI/1000
patient-days (P<.001).72

Perioperative management of urinary catheters
Most patients undergoing major surgical procedures have a perioperative indwelling
urinary catheter.74,75 Those catheterized longer than 2 days are much more likely to
develop UTIs and are less likely to be discharged to home. Older surgical patients
are at highest risk for prolonged catheterization; 23% of surgical patients older than
65 years of age were discharged to skilled nursing facilities with an indwelling catheter
in place and had more rehospitalization or death within 30 days.2

Postoperative urinary retention developed in 2.1% of patients undergoing one of the
Surgical Care Improvement Project (SCIP) surgeries.75 Patients who developed post-
operative retention were more likely to be older men undergoing knee, hip, or colon
surgery. This group has significance because they are at risk of requiring recatheteri-
zation. Combining the use of a portable bladder ultrasonography scanner with inter-
mittent catheterization may reduce the need for indwelling catheterization in
postsurgical patients with urinary retention.50

Alternatives to indwelling urinary catheters
Avoiding urinary catheter placement with use of alternative urinary drainage systems
has been used successfully in some situations. Patients with neurogenic bladder and
long-term urinary catheters, in particular, may benefit from intermittent catheterization
instead of indwelling urinary catheterization.49,50 Combining the use of a portable
bladder ultrasonography scanner with intermittent catheterization has been recom-
mended to reduce the need for indwelling urinary catheterization.50

Condom catheters may also be considered in place of indwelling catheters in male
patients without urinary retention or bladder outlet obstruction. A randomized trial
showed a decrease in bacteriuria, symptomatic UTI, or death in patients with condom
catheters, compared with those with indwelling catheters; the benefit was primarily
seen in men without dementia.76 In addition, condom catheters may cause less
discomfort than indwelling catheters in some men.76
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Aseptic techniques for insertion and maintenance of urinary catheters
If indwelling urinary catheterization is deemed necessary, proper aseptic technique
during catheter insertion and catheter care is essential for prevention of CAUTI. During
81 catheter insertions observed in a busy emergency department, 59% of the inser-
tions were associated with major breeches of aseptic technique.77 It is also important
that urinary catheters be inserted by a trained health care professional using aseptic
technique.49,50 Cleaning the urethral meatus at the time of catheter insertion is recom-
mended, but daily meatal cleaning thereafter with an antiseptic may increase rates of
bacteriuria compared with routine care with soap and water.49,50

Closed urinary catheter collection systems reduce the risk of CAUTI; sampling urine
may be performed aseptically from a port or from the drainage bag when large, non-
sterile samples are required.49,50 Prophylactic instillation of antiseptic agents or irriga-
tion of the bladder with antimicrobial or antiseptic agents leads to increased infections
and is not recommended.49,50

Bacteriuria may be reduced with exchange of catheters, but this reduction is tran-
sient. Therefore, routine exchange of urinary catheters is not recommended, except
for mechanical reasons.49,50 However, exchange of long-term catheters with treat-
ment of symptomatic UTI is likely beneficial.78

Use of anti-infective catheters
Antimicrobial-impregnated catheters, typically coated with nitrofurazone, minocy-
cline, or rifampin, and antiseptic catheters have been studied extensively as an
adjunctive measure for CAUTI prevention, with variable results.79,80 A multicenter, ran-
domized controlled trial that used symptomatic CAUTI as the end point reported no
significant clinical benefit with use of silver alloy–coated or nitrofural-impregnated
catheters during short-term (<14 days) catheterization.80 A Cochrane Review similarly
found that silver alloy catheters did not significantly reduce the incidence of symptom-
atic UTI in adult patients.79 Therefore, current guidelines do not recommend routine
use of anti-infective urinary catheters to prevent CAUTI.50

Other preventive measures
Body surface decolonization with a short course of intranasal mupirocin and chlorhex-
idine bathing was found to decrease candiduria and bacteriuria in men, but not in
women.81 Another study of chlorhexidine bathing in ICUs found no benefit in the pre-
vention of CAUTI. More studies are needed to describe whether targeted chlorhexi-
dine bathing could benefit high-risk patients.82

Implementation: the role of bundles and collaboratives
Despite CAUTI prevention guidelines having been published for several decades, pre-
vention measures have been inconsistently applied in US hospitals. A national survey
of US hospitals from 2005 to 2013 showed that use of catheter reminder systems
increased from 9% in 2005 to 53.3% in 2013. Surveillance for CAUTI increased
from 46.9% of hospitals to 85.1% during the same time period.83 There still remains
much room for improvement in implementation of CAUTI prevention measures.
Recently, bundles of interventions, often in association with hospital collaborations,

have been used with success for prevention of HAIs, including CAUTI.84,85 A multifac-
eted approach was used successfully in 2 Veterans’ Affairs hospitals with good suc-
cess.86,87 Similar improvement projects have been implemented effectively in
pediatric hospitals23,88 and community long-term care facilities.89 A national collabo-
rative program to prevent CAUTI in Veterans Health Administration nursing homes was
less effective, presumably because of a low baseline rate of infection.90
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Box 3

The bladder bundle for preventing catheter-associated urinary tract infection

� Adherence to general infection control principles (eg, hand hygiene, surveillance and
feedback, aseptic insertion, proper maintenance, education) is important

� Bladder ultrasonography may avoid indwelling catheterization

� Condom catheters or other alternatives to an indwelling catheter, such as intermittent
catheterization, should be considered in appropriate patients

� Do not use the indwelling catheter unless you must!

� Early removal of the catheter using a reminder or nurse-initiated removal protocol seems
warranted

From Saint S, Olmsted RN, Fakih MG, et al. Translating health care-associated urinary tract
infection prevention research into practice via the bladder bundle. Jt Comm J Qual Patient
Saf. 2009;35:449-455; with permission
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A bladder bundle, outlined in Box 3, was successfully adopted by the Michigan
Hospital Association Keystone initiative61,69 and resulted in more Michigan hospitals
using key prevention practices and a lower rate of CAUTI compared with hospitals
in the rest of the country. This type of collaborative program has been expanded to
national initiatives for hospitals84,85 and nursing homes.89

SUMMARY

CAUTIs are common, costly, and cause significant patient morbidity. Despite studies
showing benefit of interventions for prevention of CAUTI, adoption of these practices
has not occurred consistently in many health care facilities in the United States. Dura-
tion of urinary catheterization is the predominant risk for CAUTI; preventive measures
directed at limiting placement and early removal of urinary catheters have a significant
impact on decreasing CAUTIs. Intervention bundles, collaboratives, and hospital lead-
ership are powerful tools for implementing preventive measures for HAIs, including
CAUTIs.

CLINICS CARE POINTS

� The need for indwelling urinary catheters should be assessed daily, with removal of catheters
as soon as possible.

� Alternatives to indwelling urinary catheters, such as external catheters and intermittent
straight catheterization can decrease risk of CAUTI.

� Institutional initiatives focused on limiting use of indwelling urinary catheters have been
successful in decreasing CAUTI in multiple settings.
DISCLOSURE
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