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KEY POINTS

� Catheter-associated urinary tract infections are one of the most common hospital-
acquired infections and incur significant cost to the health care system.

� Hospital-acquired pathogens are a source of multidrug resistance.

� Duration of the indwelling urinary catheter is a major risk factor for developing an associ-
ated urinary tract infection.

� Prevention efforts, including surveillance, intervention bundles, and collaborative efforts,
have been effective in reducing catheter-associated urinary tract infections.
INTRODUCTION

Catheter-associated urinary tract infections (CAUTIs) are a common source of hospital-
associated infections (HAIs). A study from 2003 found that approximately 70% to 80%
of urinary tract infections (UTIs) diagnosed in the hospital are catheter associated.1

Although CAUTIs have decreased in proportion to non-device associated UTIs accord-
ing to a recent 2019 study, they still make up a significant percentage among
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hospitalized patients.2 Urinary catheters are one of the most frequently utilized medical
devices in the hospital, and an integrative review from 2014 has found that up to half of
patients with urinary catheters may not have had an appropriate indication prior to
placement.3

Infectious complications from urinary catheters are common, with the National
Healthcare Safety Network (NHSN) documenting CAUTI rates up to 0.754 per 1000
catheter days for adult hospitalized patients in 2020.4 Additional prevalent adverse
events include urethral inflammation, urethral strictures, mechanical trauma, and
impaired mobility.4 CAUTIs have been associated with increased hospital length of
stay, and financial burden from CAUTIs ranges from approximately US$600 to
US$1700 per patient.5–7

It is estimated that the majority of CAUTIs are preventable, and various strategies to
decrease CAUTI rates have shown efficacy.4,8 CAUTI rates are reported to the NHSN
under the Centers for Medicare and Medicaid Services (CMS) as a requirement of
participation. Furthermore, the CMS no longer reimburses hospitals for costs associ-
ated with CAUTI, making CAUTI prevention a priority for most hospitals.9 This
summary article reviews definitions, epidemiology, risk factors, and preventative stra-
tegies for CAUTI in adult patients, including new recommendations published in
the 2022 compendium update by the Infectious Diseases Society of America (IDSA),
the Society for Healthcare Epidemiology of America (SHEA), and the Association for
Professionals in Infection Control and Epidemiology (APIC).4

DIAGNOSIS: WHAT IS A CATHETER-ASSOCIATED URINARY TRACT INFECTION?

CAUTI remains fundamentally a clinical diagnosis, as no single laboratory test can reli-
ably indicate true infection. Bacteriuria and pyuria alone are unpredictable indicators,
especially in the presence of indwelling catheter devices where bacterial colonization
is common.10,11 Surveillance definitions may inadvertently designate asymptomatic
bacteriuria asCAUTI when fever is viewed as an independentmarker, even if an alterna-
tive source of fever is identified.12 Clinical definitions such as those developed by the
IDSA may help minimize overdiagnosis in patients with asymptomatic bacteriuria but
are less easy to apply to specific patients.13 The NHSN’s updated CAUTI definition
from2015hasbeenadoptedacross theUnitedStates andhasexcludedyeast asapath-
ogenaswell as increased theurineculturebacterial threshold togreater than105colony-
forming units per milliliter.14,15 Fig. 1 demonstrates one example of a surveillance algo-
rithm for CAUTI, including components of both NHSN and IDSA CAUTI definitions.

PATHOGENESIS

The innate defense system for prevention of UTIs in humans includes the length of the
urethra, spontaneous voiding to clear the urinary tract of ascending bacteria, the
microbiome and the genitourinary and gastrointestinal tissues, as well as the innate
and adaptive immune system in the human urinary system.16–21 Indwelling catheters
disrupt this system by providing a surface on which bacteria can form biofilms. This
hearty bacterial matrix can better evade the human defense system and ascend the
catheter into the bladder in as few as 1 to 3 days.1,22 As bacteria grow more slowly
within a biofilm, antimicrobials may also prove less effective in treatment.1

Most bacteria implicated in CAUTI are endogenous to the patient, originating from
the gastrointestinal tract or perineum.23 A smaller proportion are the result of cross-
contamination that occurs at the time of catheter insertion or maintenance, due to
poor hand hygiene or poor technique.1,23 Nosocomial infection clusters have been
observed in roughly 15% of episodes of health care-associated bacteriuria and
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Fig. 1. CAUTI surveillance algorithm.
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have been associated with transmission of multidrug-resistant organisms such as
Klebsiella spp.1,12,24 Hematogenous spread is a rare cause of UTI and often associ-
ated with Staphylococcus spp and hospital-acquired urinary tract-related blood-
stream infections are rare but can be deadly and also often associated with
presence of urinary catheter and Staphylococcus spp.25

EPIDEMIOLOGY OF CATHETER-ASSOCIATED URINARY TRACT INFECTION
Descriptive Epidemiology

Prevention efforts have resulted in a substantial decline in CAUTI rates over the last
several decades.26 CAUTI rates nationally, reported through the NHSN in 2013,
ranged from 1.3 to 5.3 per 1000 catheter days in the intensive care unit (ICU) setting
and 0.2 to 3.2 per 1000 catheter days on general care wards.27 Between 2021 and
2022, a 12% reduction in CAUTI incidence was reported nationally, with the greatest
decrease observed in the ICU.28 HAI rates generally were impacted by the coronavirus
2019 pandemic, with reports of increases in CAUTI rates ranging from 36% to
43%.26,29 A conflicting study found no significant change in CAUTI rates, although
the retrospective analysis only evaluated the initial 6 months of the pandemic in com-
parison to the prior calendar year.30

Microbial Etiology

Organisms commonly identified in CAUTI are Enterobacteriaceae (ie, Escherichia coli,
Klebisella spp, and Proteus spp, among others) but other pathogens are increasing in
prevalence, including Pseudomonas and Enterococcus spp, particularly in the ICU
setting.31 A rise in antimicrobial resistance has also been observed, with NHSN sum-
mary data from 2015 to 2017 showing 31% of E coli isolates to be fluoroquinolone
resistant. Extended-spectrum beta-lactamases (ESBLs) were found in roughly 16%
of Klebsiella spp and E coli isolates in the ICU, and an even greater percentage of
Klebsiella spp were found to have ESBL (48%) or carbapenem resistance (23.1%)
mechanisms in long-term acute care settings.31

Risk Factors

The most important modifiable risk factor for developing infection is duration of cath-
eterization, and reducing unnecessary placement and duration of catheters are at the
forefront of CAUTI preventative strategies.32–34 The longer duration of catheterization
the greater likelihood of bacteriuria, such that it is estimated that all patients with
indwelling catheters for longer than 1 month will develop bacteriuria.12 Other modifi-
able risk factors of importance include proper hand hygiene, insertion technique,
and maintaining a closed drainage system.10,35

In addition, host-level risk factors can place individual patients with indwelling cathe-
ters at a higher risk of infection. People with vaginas have shorter urethras and therefore
have a greater likelihood of developing bacteriuria than peoplewith penises. Age greater
than 50 years has also been found to be an independent risk factor.10,35 The develop-
ment of health care-associated urinary-tract-related bloodstream infection is rare,
occurring in less than 4% of CAUTIs.36,37 Specific risk factors for UTI-associated
bacteremia include male sex, neutropenia, and renal disease.37–39 An overview of
CAUTI risk factors, both modifiable and non-modifiable, can be seen in Table 1.

SURVEILLANCE

Surveillance of CAUTI rates annually provides important metrics that help monitor
trends and provide critical feedback to infection prevention efforts at the national,
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Table 1
Risk factors for catheter-associated urinary tract infection

Host-Level Risk Factors for
UTI Even in Patients Without
Indwelling Catheters10,35,38

Modifiable Risk Factors
for CAUTI

Host-Level Risk Factors for
Health Care-Associated
Urinary Tract-Related
Bloodstream Infection36–39

� Female sex or people
with female genitourinary
anatomy

� Older age, ie, >50 years old
� Diabetes
� Immobility
� Urinary retention
� Structural urologic
abnormalities

� Duration of catheter
� Not maintaining a closed
drainage system

� Poor insertion technique
� Poor hand hygiene

� Neutropenia
� Renal disease
� Male sex or people

with male genitourinary
anatomy
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state, and local level.28 The Centers for Disease Control and Prevention, which over-
sees the NHSN, tracks HAIs including CAUTI across 4 health care settings: acute care
hospitals, critical access hospitals, inpatient rehabilitation centers, and long-term
acute care hospitals. The NHSN definition of CAUTI has become the standard for sur-
veillance and interhospital comparison.22

Diagnosing CAUTI remains challenging as bacteriuria is common in the setting of
catheterization and therefore is not a reliable indicator of true infection.11 Cultures
may also be impacted by poor collection technique and therefore misleading.40 Diag-
nosis must be made within the clinical context including urine culture data, clinical
signs and symptoms, and catheter duration or recent removal.41 Of note, the NHSN
definition defines fever as an independent indicator of CAUTI, which may not correlate
with a true urinary infection if an alternate source is present.4

Urine cultures are often collected as part of a fever evaluation regardless of specific
urinary symptoms. This may lead to inappropriate treatment of asymptomatic bacte-
riuria when positive. Antimicrobial stewardship efforts have focused on appropriate in-
dications for urine cultures in patients with and without an indwelling catheter to
minimize treatment of asymptomatic bacteriuria.42,43 Research has shown that incor-
porating appropriate indications for urine culture testing into the electronic medical re-
cord (EMR) helps decrease unnecessary testing and treatment.44–46

Traditionally, the most widely accepted CAUTI surveillance rate is the number of
CAUTIs per 1000 catheter days, as monitored through the NHSN and endorsed by
the IDSA, SHEA, and APIC.4,47 However, as efforts to prevent initial placement of an
indwelling urinary catheter increase, utilizing this metric may result in a contradictory
increase in CAUTI rates.48 Updated guidelines suggest consideration of patient days
for the denominator at institutions where indwelling catheter use has declined or the
risk profile has changed.48 Currently, CAUTI measures available in the NHSN still
rely on number of CAUTI per 1000 catheter days.49
PREVENTION
General Strategies for Prevention

Essential practices identified by the SHEA/IDSA/APIC 2022 compendium are often
multidisciplinary and involve both the implementation of protocols and necessary
infrastructure to prevent CAUTI.4 The prevention of initial indwelling catheter place-
ment is the first part of a protocol to manage adverse effects, as can be seen in
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Fig. 2. Disrupting the Life Cycle of the Indwelling Urinary Catheter.
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“Step Zero” of the Disrupting the Lifecycle of the Indwelling Urinary Catheter outlined
by the compendium (Fig. 2).4

Once an indwelling urinary catheter has been placed, subsequent protocols at
every step of the catheter life cycle can help lower infection and injury risk.4 Gen-
eral strategies recommended include performing regular risk assessments on
those patients with existing indwelling catheters and daily review of neces-
sity.10,35,50,51 This can be achieved on interdisciplinary care rounds or through
the utilization of EMR reminders with stop/renewal orders prompting practitioners
to reassess catheter necessity.35,52 Infrastructure is also seen as a key part of
CAUTI prevention and includes the provision of bladder scanners, incontinence
supplies, and alternatives to indwelling catheters to mitigate catheter placement
as a primary management tool of urinary issues.53 These strategies and others
are summarized in Box 1.

Appropriate Indwelling Catheter Use

Acceptable indications for indwelling urinary catheter use should be standardizedwithin
an institution to prevent unnecessary placement. Criteria for use can be embedded in
daily risk assessment protocols or placed within the EMR to assist providers in clinical
decision making. While expert consensus has identified criteria for indwelling urinary
catheter use, robust research to assess appropriateness is lacking.35,54 Examples of
appropriate indications for use include hourly assessment of clinically indicated urine
output in ICU patients (eg, for assessment of volume resuscitation, diuretic use, or va-
sopressors), management of acute urinary retention, or assistance in healing open pres-
sure ulcers that risk contamination from urinary incontinence.52 Selected surgical
procedures, including urologic surgery, or surgery involving contiguous structures of
the genitourinary tract, prolonged surgery, or the need for volume management intrao-
peratively are also appropriate indications for urinary catheter placement.54 Finally,
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Box 1

Strategies to prevent catheter-associated urinary tract infection

Strategies for prevention of CAUTI
Infrastructure and resources
� Perform regular risk assessments to identify and remove catheters when no longer

necessary
� Ensure bladder management supplies are readily available, for example, bladder scans,

incontinence management supplies, and external catheters
� Implement protocols to address multiple steps of the catheter life cycle (see Fig. 2) and

consider embedding within the EMR
� Perform surveillance for CAUTI and standardize urine culture ordering
Education and training
� Educate health care providers on insertion, care, and maintenance of indwelling catheters
� Provide regular trainings and competency assessments for catheter care
� Educate providers on alternatives for bladder management, including intermittent

catheterization and external catheters
� Train clinicians on appropriate indications for urine culturing and collection of samples
Insertion and maintenance
� Insert catheters only when necessary and leave in place only as long as indications remain
� Use appropriate aseptic technique for catheter insertion with hand hygiene
� Use a catheter with the smallest diameter feasible to minimize trauma
� Properly position and secure indwelling catheters
� Maintain a closed drainage system and unobstructed urine flow
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some exceptions can be made for palliative or end-of-life care if appropriate to address
a patient’s specific goals to reduce pain or discomfort.

Alternatives to Indwelling Urinary Catheters

Whenever possible, alternatives to an indwelling catheter should be considered to
reduce the risk of UTIs. Common alternatives include intermittent catheterization
and external catheters. Indications for their use have previously been described in
the Ann Arbor Criteria for appropriate urinary catheter use.52 Intermittent straight cath-
eterization should be considered in patients with urinary retention that can be
adequately managed with a maximum catheterization frequency of every 4 hours,
appropriate management of urinary incontinence (including in setting pressure ulcers
that cannot be kept clear of urine by other means), daily or post-void urine volume
measurements, management of urine in patient with strict temporary immobility,
and for random urine sample (sterile or nonsterile) collection. Earlier studies showed
that intermittent catheterization reduces the risk of UTI compared to indwelling cath-
eters in patients with neurogenic bladder, although a more recent Cochrane review
cautions there is inconclusive evidence to extrapolate this to the general patient pop-
ulation.55,56 Given documented evidence of urinary retention and bladder distention in
postoperative patients undergoing intermittent catheterization, portable bladder ultra-
sound should be considered to attenuate this risk.57,58

Other alternatives to indwelling catheters are external catheters, with multiple de-
vices available for male and female patients.59 These commonly include the condom
catheter for men (and more recently the glans-adherence devices for men) and the
wicking devices for women with 2 common brands including Purewickª and
Primafitª.60,61 Indications for external urinary catheters includemanagement of incon-
tinence (including in the setting of some open pressure ulcers andmoderate-to-severe
incontinence-associated dermatitis when non-catheter strategies to manage the in-
continence or protect the skin have been inadequate), daily urine volume
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measurement, and as part of comfort-focused care in the dying patient.52 Male
external catheters are appropriate for obtaining 24 hour and also random urine sam-
ples (including for chemical and cell sample tests, and sterile samples for culture if ob-
tained after applying a new external catheter using sterile technique). Because of the
wicking materials in the current female urinary devices, female external catheters are
appropriate for measuring 24 hour samples, and recent studies also support collecting
random non-sterile urine samples although the wicking material likely influences accu-
racy of cell counts, cast evaluation, cytology, etc.62,63 These external devices may
reduce the risk of CAUTI in both male and female patients, as CAUTI (which is
currently defined in relation only to indwelling urinary catheters) does not occur in pa-
tients without current or recent indwelling catheters, and currently, there is no stan-
dard definition for reporting external catheter-associated UTIs.64 Nonetheless,
external catheters should only be utilized when appropriately indicated, as there are
concerns for possible associate non-catheter-associated UTIs and skin injury.64

Fig. 3 outlines the various types of catheters, both internal and external, commonly
used.65

Proper Techniques for the Insertion and Maintenance of Urinary Catheters

If an indwelling urinary catheter is deemed necessary for patient care, and no suitable
alternative is available, insertion and maintenance of the catheter can be optimized for
infection prevention. Indwelling urinary catheters should remain in place only as long
as necessary. Insertion of the catheter should be performed using aseptic technique
and appropriate hand hygiene. Contamination of the sterile catheter during insertion is
unfortunately common and was observed to occur in more than half of insertions in
one observational study within the emergency department.66 Consider having 2 health
care providers work together (eg, “buddy system”) when inserting indwelling
Fig. 3. Alternatives to indwelling urinary catheters.
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catheters, to help observe for and reduce contamination of the sterile catheter during
insertion. When possible, the smallest diameter catheter should be used to minimize
trauma to the urethra, and the catheter should be properly secured and positioned.
Maintaining unobstructed urine flow includes keeping the collecting bag below the
level of the bladder, ensuring no kinks or obstruction of the tubing, emptying the col-
lecting bag regularly, and keeping the collecting bag off the floor.67,68 While in place,
sterility of the catheter and collecting system can be further secured by using a closed
drainage system, with system replacement when breaks in aseptic technique, discon-
nection, or leakage occur.68,69 Routine hygiene of the genitourinary area is important
although cleaning the meatal area with antiseptic solutions remains an unresolved
issue in the 2022 compendium.4,70 Alcohol-based cleaning products should be
avoided for use on a patient’s skin.68,69

Approaches that Should Not Be Considered a Routine Part of Catheter-Associated
Urinary Tract Infection Prevention

The updated SHEA/IDSA/APIC 2022 compendium makes several recommendations
regarding approaches that should not be used as part of usual CAUTI prevention prac-
tices. These include the use of antimicrobial or antiseptic-impregnated catheters,
breaking a closed collecting system, and catheter irrigation.4 Routine screening for
asymptomatic bacteriuria is likewise not endorsed with the exception of pregnant per-
sons or patients undergoing endoscopic urologic procedures.71 Treatment of asymp-
tomatic bacteriuria and the routine use of systemic antimicrobials as prophylaxis are
discouraged, as the risk of adverse antimicrobial effects outweighs the potential
benefit for CAUTI prevention. Furthermore, patient conditions, both anatomic and
immunologic, predispose the patient to recurrence of bacteriuria following antimicro-
bial treatment.4 Finally, the routine changing of catheters is not beneficial, although
replacement can be considered at the timing of specimen collection if the urinary cath-
eter is in place for longer than 7 days.72,73

Long-Term Care Settings

According to the National Center for Health Statistics, 1.3 million people resided in
nursing homes in 2020.74 Studies have shown that approximately 4% to 10% of these
residents will have an indwelling Foley catheter during their stay.75–77 UTI is the most
commonly diagnosed infection in nursing homes, with up to 50% of residents with an
indwelling catheter developing CAUTI.78 Demonstrated risk factors for developing a
UTI in the long-term care setting include dehydration, diuretic use, benign prostatic
hyperplasia (BPH), and urinary/bowel incontinence.79

As in the acute care setting, Disrupting the Lifecycle of the Urinary Catheter (see
Fig. 2) is an important strategy for reducing CAUTIs, including avoidance of indwelling
catheters when not indicated, using aseptic technique with placement, maintaining
proper care of catheters, and prompt removal of catheters when no longer necessary.
Education of health care staff to maintain these practices is essential, as a wide
discrepancy has been shown between research-proven recommendations and staff
knowledge regarding urinary catheter care.80 However, staff turnover in the long-
term care setting is a major barrier to infection prevention.81 A recent national project
to reduce CAUTIs in nursing home residents demonstrated bundling these evidence-
based practices with health care worker education and leadership engagement
reduced CAUTI rates from 6.78 to 2.63 infections per 1000 catheter days (about a
50% decrease).82 Additionally, there are well-established interventions that can
reduce UTIs in the elderly, including maintenance of adequate hydration, preventing
constipation, and promoting perineal hygiene.83,84
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Implementation, Bladder Bundles, and Collaboratives

Implementation strategies to reduce CAUTI rates should employ both technical and
socio-adaptive components to achieve success and maintain sustainability.85 Tech-
nical strategies, such as the availability of hand sanitizers, sufficient bladder scanners,
and automatic stop orders, are not sufficient alone to reduce CAUTI rates overtime
and require socio-adaptive interventions that target modifications to organizational
cultures or norms clinical practice.86

Multipronged approaches have been shown to be effective and reduce overall uri-
nary catheter harm (Fig. 4). In one comparison study from 2013, hospitals that
engaged in collaborative efforts, utilized bladder scanners, deployed EMR-based
stop orders and reminders, or supported nursing-initiated urinary catheter removal
saw a 25% decrease in CAUTI rates in comparison to other hospitals who did not
use these practices.87 The AHRQ Safety Program for Long-Term Care, engaging in
technical and socio-adaptive interventions in combination, reduced CAUTI rates by
54% and culture orders by 15% in the nursing home setting.82

Sustainability remains a key aspect to any infection prevention approach and must
be evaluated periodically after an intervention has been implemented. The 4 E’s model
to assess quality improvement projects, initially developed to reduce central line-
associated bloodstream infections, can be effective when initiating CAUTI reduction
programs.88 The 4 E’s involves, in part, engagement with a multidisciplinary team,
peer networking, and the patient/family members; education through provision of ma-
terials, simulation trainings, and decision-making algorithms; execution of standard-
ized care through daily assessments, EMR reminders, stop orders, and individual
case reviews; and evaluation via performance measures and real-time audit and
feedback.

Patient and Family Education

Clinicians should educate patients and families about the risks of CAUTI but also pro-
vide reassurance around physical signs that are commonly misperceived as indicative
Fig. 4. Urinary catheter harm.
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Box 2

Key points to share with patients and families about catheter-associated urinary tract

infection

� Catheters should only be kept in place for as long they are absolutely needed to reduce the
risk of infection.

� Cloudy, discolored, andmalodorous urine without other localizing symptoms are not signs of
infection.

� Any new symptoms of lower abdominal pain or back pain (one sided) or bloody urine might
indicate an infection and warrant further testing.
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of a urinary infection. Appropriate indications for obtaining a urine culture include new
flank pain, acute hematuria, or pelvic discomfort. Odorous, cloudy, and discolored
urine in the absence of other symptoms, however, are not indicators of infection
and do not require further testing4 (see Box 2 for helpful bullet points to educate family
members about CAUTI).

SUMMARY

CAUTIs are one of the most common health care-associated infections, can cause
significant harm, and are related to increased cost to the health care system. The ma-
jor risk factor for developing CAUTI is catheter duration, and infection prevention mea-
sures to limit placement and encourage early removal of catheters have helped
decrease CAUTI rates. Other collaborative and interdisciplinary interventions have
shown effectiveness, but implementation of these measures is not consistent across
health care facilities. Interventional bundles involving infrastructure, education, and
training can help further decrease CAUTI rates when adopted at the institutional level.

CLINICS CARE POINTS
� Educate health care providers on alternatives to indwelling catheters and ensure supplies are
readily available in clinic (see Fig. 3).

� Consider implementing standardized clinical-decision-support tools within EMR systems in
clinic to address multiple steps of the urinary catheter life cycle (see Fig. 2).

� Updated surveillance guidelines have increased the bacterial threshold in a urine culture to
greater than 105 colony-forming units per milliliter and have excluded yeast as a pathogen
when diagnosing CAUTI.

� Do not order urine culture testing for odorous, cloudy, or discolored urine in the absence of
other clinical symptoms.

� Do not obtain reflex urine cultures based on urinalysis results without other clinical
symptoms of infection.
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