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Urinary tract infection (UTI) is one of the most common health care—associated infections
(HAISs), representing up to 40% of all HAls.1=3 Most health care—associated UTIs (70%) are
associated with urinary catheters, but as many as 95% of UTIs in intensive care units (ICUs)
are associated with catheters.*® Approximately 20% of patients have a urinary catheter
placed at some time during their hospital stay,6:” especially in ICUs, in long-term care
facilities, and increasingly in home care settings.348 The Centers for Disease Control and
Prevention (CDC) estimated that up to 139,000 catheter-associated UTIs (CAUTIs) occurred
in US hospitals in 2007.4

CAUTIs are associated with increased morbidity, mortality, and costs. Hospital-associated
bloodstream infection from a urinary source has a case fatality of 32.8%.%:10 Each episode of
CAUTI is estimated to cost $600; if associated with a bloodstream infection, costs increase
to $2800.11 Nationally, CAUTIs result in an estimated $131 million annual excess medical
costs.

Moreover, in October 2008, the Centers for Medicare and Medicaid Services (CMS)
included hospital-acquired CAUTI under conditions that are no longer reimbursed for the
extra costs of managing a patient.1 To date, there has been no measurable effect of the
CMS policy to reduce payments for CAUTIs on CAUTI rates or preventive practices.12-14
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Nevertheless, the prevention of CAUTIs has become a priority for most hospitals because
65% to 70% of CAUTIs may be preventable.1>

EPIDEMIOLOGY OF CAUTIs

Likely as a result of widespread interventions occurring nationwide, rates of CAUTIs in
ICUs reporting to the CDC decreased significantly between 1990 and 2007.4 In 2010,

the rates of CAUTIs reported to the CDC’s National Healthcare Safety Network (NHSN)
ranged from 4.7 per 1000 catheter-days in burn ICUs to 1.3 per 1000 catheter-days in
medical/surgical ICUs.* Pediatric ICUs reported similar rates of CAUTI, 2.2 to 3.9 per
1000 catheter-days?8; however, CAUTIs are infrequently identified in neonatal ICUs.7
Inpatient wards reported rates equivalent to ICU settings, with a range from 0.2 to 3.2 per
1000 catheter-days. Among inpatient wards, rehabilitation units had the highest rates of
CAUTIs 516

Microbial Cause of CAUTIs

Most microorganisms causing CAUTIs are from the endogenous microbiota of the perineum
that ascend the urethra to the bladder along the external surface of the catheter.18 A smaller
proportion of microorganisms (34%) are introduced by intraluminal contamination of the
collection system from exogenous sources, frequently resulting from cross-transmission of
organisms from the hands of health care personnel 1819 Approximately 15% of episodes

of health care—associated bacteriuria occur in clusters from patient-to-patient transmission
within a hospital.21° Rarely, organisms, such as Staphylococcus aureus, cause UTI from
hematogenous spread.

Enterobacteriaceae, especially Escherichia coli and Klebsiella spp, are the most common
pathogens associated with CAUTI; but in the ICU setting, Candida spp (18%), Enterococcus
spp (10%), and Pseudomonas aeruginosa (9%) are more prevalent (Table 1),16.:20.21
European hospitals report a similar spectrum of microorganisms associated with nosocomial
UTIs, except for Pseudomonas spp, which were isolated in only 7% of urine cultures.?2

Among £ coliisolates reported to the NHSN from CAUTIs in ICU and non-ICU settings

in 2009 to 2010, 29.1% and 33.5%, respectively, were resistant to fluoroquinolones.2: Many
Enterobacteriaceae produced extended-spectrum beta-lactamases; 26.9% of K pneumonia/
oxytocaand 12.3% of £ coliisolates from patients with CAUT s were resistant to extended-
spectrum cephalosporins. Alarmingly, during this same time period, 12.5% of K/ebsiella spp
from patients with CAUTIs were resistant to carbapenems.?! Although long-term acute care
hospitals (LTACHSs) had a prevalence of carbapenem-resistant Enterobacteriaceae (CRE) in
CAUTI isolates similar to that reported in ICUs, a greater percentage of LTACHS reported a
CRE CAUTI compared with 1CUs.20

Enterococci emerged as a commonly reported cause of health care—associated UTIs between
1975 and 1984. Although the clinical significance of enterococci isolated from urine is
questionable, urinary drainage devices serve as a reservoir for emergence and spread of
vancomycin-resistant strains in short- and long-term acute care settings.29-21 Also rarely
associated with complications when isolated from the urine,23 Candida spp account for
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28% of CAUT Is reported from ICUs.20 S aureus are an infrequent cause of CAUTI but,
when identified, should prompt consideration for coinciding bacteremia or endocarditis.10:24
CAUTI associated with long-term catheters are associated with 2 or more organisms in 77%
to 95% of episodes, and 10% have more than 5 species of organisms present.3

Biofilms, composed of clusters of microorganisms and extracellular matrix (primarily
polysaccharide materials), form on the internal and external surfaces of urinary catheters
shortly after insertion.19:25 Typically, the biofilm is composed of one type of microorganism,
although polymicrobial biofilms are possible. Microorganisms within the biofilm ascend

the catheter to the bladder in 1 to 3 days. Antimicrobials penetrate into biofilms poorly,

and microorganisms grow more slowly in biofilms, decreasing the effects of many
antimicrobials.1925 The microorganisms, resistance patterns, and biofilm factors mentioned
earlier have significant implications for the management of CAUTIs.

Risk Factors for CAUTIs

Table 2 outlines major modifiable and nonmodifiable risk factors for CAUTI, which have
importance for the design and implementation of interventions for the prevention of CAUTI.
The duration of catheterization is the dominant risk factor for CAUTI.1:3:26 Women have

a higher risk of UTI than men, and heavy bacterial colonization of the perineum increases
that risk. Other factors that increase the risk of CAUTI include rapidly fatal underlying
illness, more than 50 years of age, nonsurgical disease, hospitalization on an orthopedic or
urological service, catheter inserted outside the operating room, diabetes mellitus, and serum
creatinine greater than 2 mg/dL at the time of catheterization. Nonadherence to aseptic
catheter care recommendations has been associated with an increased risk of bacteriuria;
conversely, systemic antibiotics have a protective effect on bacteriuria (relative risk 2.0—
3.9).23 Independent risk factors for urinary tract-related bloodstream infections in patients
with bacteriuria include neutropenia, renal disease, and male sex.2’

DIAGNOSIS OF CAUTIS

Clinical diagnosis of a CAUTI is challenging because pyuria and bacteriuria are almost
uniformly present, but neither are reliable indicators of symptomatic UTI in the setting

of catheterization.28-31 Symptomatic UT] is defined by the presence of symptoms or

signs referable to the urinary tract associated with significant bacteriuria.2® Fever or other
systemic symptoms may be the only clinical indication of UTI in patients who are critically
ill or who have spinal cord injuries.2:3 However, outside these patient populations, additional
urinary tract-specific signs and symptoms should be sought for the diagnosis of UT|.28:30

Defining significant bacteriuria is difficult because some level of bacterial colonization

is universal in urine from catheterized patients. Colony counts in urine as low as 102
colony-forming units (CFU)/mL can be associated with symptoms, and colony counts of this
level rapidly increase to more than 10° CFU/mL within 24 to 48 hours.28:32:33 Therefore,

the National Institute on Disability and Rehabilitative Research defined bacteriuria in
catheterized patients as growth of 102 CFU/mL or more of a predominant microorganism.33
Other guidelines have defined 103 CFU/mL as a more reasonable threshold for significant
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bacteriuria, balancing the sensitivity of detecting CAUTI with the feasibility of the
microbiology laboratory to quantify microorganisms.28

Asymptomatic bacteriuria is defined as bacteriuria in patients without signs or symptoms
referable to the urinary tract.28 The distinction from symptomatic UTI is clinically important
because asymptomatic catheter-associated bacteriuria and funguria rarely result in adverse
outcomes (eg, pyelonephritis, perinephric abscess, bacteremia) and generally do not require
treatment.39 Nevertheless, a large proportion of antimicrobials in hospitalized patients are
prescribed for the treatment of UTIs, most often asymptomatic bacteriuria.34-36

MANAGEMENT OF CAUTIS

The treatment of asymptomatic catheter-associated bacteriuria or candiduria is not indicated
except in patients who are at a high risk for the development of complications, such

as pyelonephritis or bloodstream infection.37 Screening and treating pregnant women for
asymptomatic bacteriuria to prevent pyelonephritis are recommended. In addition, patients
undergoing genitourinary procedures likely to induce mucosal bleeding should be screened
and treated in advance for asymptomatic bacteriuria.?8:37 As with asymptomatic bacteriuria,
asymptomatic candiduria generally does not require treatment, except in neutropenic
patients and other high-risk patients noted earlier.38 Furthermore, because of poor specificity
of fever and frequency of bacteriuria and funguria in hospitalized patients with urinary
catheters, a thorough investigation for other sources of fever should be conducted before
diagnosing a UTI.

Asymptomatic bacteriuria, persisting for 48 hours after the removal of a urinary catheter,
has a high risk of progressing to symptomatic UT]I; treatment in hospitalized women

has been shown to decrease the risk of subsequent UTIs.3° Therefore, considering the
treatment of women with asymptomatic bacteriuria persisting 48 hours after catheter
removal is recommended.28:37:3% When indicated, 3 to 7 days of appropriate antimicrobial
therapy based on culture results should be adequate for the treatment of asymptomatic
bacteriuria.28:37

Repeated antimicrobial treatment of bacteriuria during long-term catheterization is a
significant risk for colonization with multidrug-resistant organisms, and most of this use

is inappropriate.34:35 A recent study reported that a 1-hour educational session reduced
inappropriate use of antibiotic therapy for inpatients with positive urine cultures.#? In
addition, audit and feedback to care providers decreased overdiagnosis of CAUTIs and
associated inappropriate antibiotic use in another study.3 Educational efforts aimed at
reducing unnecessary urine cultures (eg, pan-culturing for fever without a thorough clinical
assessment) would also prevent the inappropriate treatment of bacteriuria and funguria.

Because of the presence of biofilm, leaving the catheter in place during the treatment

of CAUTIs makes eradicating bacteriuria or candiduria difficult and can lead to the
development of antimicrobial resistance. The management of symptomatic CAUTIs should
include removing or replacing the urinary catheter if it has been in place for at least 2
weeks.2841 |n terms of antimicrobial therapy, symptomatic CAUTIs may be treated with
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7 days of appropriate antimicrobials if patients have a prompt resolution of symptoms;
therapy should be lengthened to 10 to 14 days for those with a delayed response.28

Initial empiric therapy should be based on local epidemiologic data regarding causative
microorganisms of CAUTIs and antimicrobial resistance patterns. Once culture data become
available, antimicrobial therapy should be adjusted as necessary, ideally providing the
narrowest spectrum of coverage possible while still providing adequate treatment of the
UTI. Symptomatic CAUTIs caused by Candida species should be treated with 14 days of
antifungal agents.38

PREVENTING CAUTIS

General strategies, formulated for the prevention of all HAIs, including strict adherence to
hand hygiene, are critical for the prevention of CAUTIs.#2 The urinary tract of hospitalized
patients, especially those in an ICU setting, represents a significant reservoir for multidrug-
resistant organisms. Therefore, precautions recommended for prevention of transmission of
multidrug-resistant organisms should be scrupulously observed in catheterized patients.*3
Limiting unnecessary use of antimicrobials, as part of an overall antimicrobial stewardship
program, is another important general strategy to prevent the development of antimicrobial
resistance related to urinary catheters.*4

The measurement and feedback of results of interventions to the clinical care team is

an essential component of any improvement program. The CDC NHSN CAUTI rate
(symptomatic UTI per 1000 urinary catheter-days) is the most widely accepted measure
for CAUTI surveillance and is endorsed by the Infectious Diseases Society of America, the
Society of Healthcare Epidemiology of America, and the Association for Professionals in
Infection Control and Epidemiology.28:4546 |n addition, beginning in 2012, the CMS has
required as a condition of participation that hospitals, long-term care hospitals, and inpatient
rehabilitation facilities submit ICU CAUTI rates to the NHSN. A modified definition of
UTI is recommended for surveillance in long-term care facilities.*” Efforts are currently
underway to revise the CDC’s NHSN UTI surveillance definitions to improve specificity
and clinical relevance of the measure.

However, a population-based measure, using hospital-days as the denominator, has been
suggested as an alternative measure to assess improvement interventions at individual
hospitals.® Other measures, such as rates of asymptomatic bacteriuria, percentage of
patients with indwelling catheters, percentage of catheterization with accepted indications,
and duration of catheter use, have been used in improvement studies and collaboratives with
good success.*?

Several guidelines with specific recommendations for the prevention of CAUTIs have been
developed or recently updated (Box 1).28:4546.50 However, in 2005, a nationwide survey
identified that one-third of hospitals did not conduct surveillance for UTIs, more than
one-half did not monitor urinary catheters, and three-quarters did not monitor the duration of
catheterization.1251 In a follow-up study, after the enactment of the CMS nonpayment rule,
still no CAUTI prevention practices had been adopted in more than half of the hospitals,
except for the use of bladder ultrasound.12 Even in ICUs, only a small proportion of
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surveyed sites had policies supporting bladder ultrasound (26%), catheter removal reminders
(12%), or nurse-initiated catheter discontinuation (10%).52 The systematic adoption of
prevention practices has begun to be observed through the use of bundles and collaboratives,
as detailed later,49:53

A qualitative study of 12 hospitals participating in a statewide program identified barriers
to adoption of the key interventions to reduce unnecessary use of urinary catheters.
Common barriers included difficulty with nurse and physician engagement, patient and
family request for indwelling catheters, and catheter insertion practices and customs in
emergency departments.>* In addition, qualitative studies have revealed that staff variations
of the perceived risk and perceived strength of evidence supporting preventive practices
should be incorporated into implementation plans.55:56

Limiting Use of Urinary Catheters

The foremost strategy for CAUTI prevention is avoidance of or decreasing the duration

of urinary catheterization. Catheter utilization varies by ICU type, with the lowest rate

in pediatric medical ICUs (0.16 urinary catheter-days/patient-days) and the highest rates
reported in trauma ICUs (0.80 urinary catheter-days/patient-days).16 Decreasing catheter
utilization requires interventions at several stages of the lifecycle of the urinary catheter.2

The first stage in decreasing catheter utilization is limiting the placement of indwelling
urinary catheters. Overall, urinary catheters are overused and the documentation surrounding
catheterization is inconsistent’->7-59; urinary catheters are placed for inappropriate
indications in 21% to 50% of catheterized patients.”-6% Written policies and criteria for
indwelling urinary catheterization, based on accepted indications, is a first step in limiting
the placement of urinary catheters; but tracking indications for catheters with feedback to
the care team is also important (Box 2).42:°0 Some hospitals have had success by targeting
interventions for limiting the placement of urinary catheters in emergency departments and
operating rooms, locations where the initial placement often takes place.t!

Once catheters are placed, strategies for early removal become necessary to limit the
duration of catheterization. Relying on physicians’ orders alone may be inadequate for

the management of catheters because, in one study, 28% of physicians were unaware that
their patient had a catheter.” Nurse-driven interventions have demonstrated effectiveness in
reducing the duration of catheterization.52-64 This type of intervention was implemented in
a statewide effort that resulted in a significant decrease in catheter use and an increase in
appropriate indications of catheters.4°

Computerized physician order entry systems may offer a more cost-effective and efficient
system to reduce both the placement of catheters and the duration of catheterization.6> A
systematic review and meta-analysis found that urinary catheter reminder systems and stop
orders seem to reduce the mean duration of catheterization by 37% and CAUTIs by 52%.56

Hospitals have also shown success in decreasing urinary catheter prevalence and CAUTIs
through the multimodal interventions noted earlier.67:68 One institution used a multifaceted
intervention, which included education, system redesign, rewards, and feedback managed
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by a dedicated nurse, resulting in a marked decrease in the daily prevalence of

urinary catheter days.®7 Strategies to address barriers to the implementation of urinary
catheterization bundles include incorporating planned toileting into other patient safety
programs, discussing the risk of indwelling urinary catheters with patients and their families,
and engaging emergency department personnel to ensure appropriate indications for catheter
use are followed have been promoted.>*

Perioperative Management of Urinary Catheters

Approximately 85% of patients admitted for major surgical procedures have perioperative
indwelling catheters. Those patients catheterized longer than 2 days are significantly more
likely to develop UTIs and are less likely to be discharged to home.59 Older surgical patients
are at the highest risk for prolonged catheterization; 23% of surgical patients older than 65
years are discharged to skilled nursing facilities with an indwelling catheter in place and
have substantially more rehospitalization or deaths within 30 days.”® Therefore, specific
protocols for the management of postoperative urinary catheters are important for reducing
urinary catheterization utilization and patient outcomes; the Surgical Care Improvement
Project has added the removal of urinary catheters as one of their measures.

In a large prospective trial of patients undergoing orthopedic procedures, patients were
entered into the following protocol: (1) limiting catheterization to surgeries of more than

5 hours or for total hip and knee replacements and (2) the removal of urinary catheters

on postoperative day 1 after total knee arthroplasty and postoperative day 2 after total hip
arthroplasty. This intervention resulted in a two-thirds reduction in the incidence of UTIs.”1

Alternatives to Indwelling Urinary Catheters

A randomized trial demonstrated a decrease in bacteriuria, symptomatic UT]I, or death in
patients who used condom catheters when compared with those with indwelling catheters;
this benefit was seen primarily in men without dementia.”2 Condom catheters have also been
reported to be less painful than indwelling catheters in some men.”273 Therefore, condom
catheters may be considered in place of indwelling catheters in appropriately selected male
patients without urinary retention or bladder outlet obstruction.

Patients with neurogenic bladder and long-term urinary catheters, in particular, may benefit
from intermittent catheterization.®? Intermittent catheterization may also be beneficial for
short-term urinary retention. A recent meta-analysis reported a reduced risk of bacteriuria
with the use of intermittent catheterization in patients following hip or knee surgery
compared with indwelling catheterization.”* Combining the use of a portable bladder
ultrasound scanner with intermittent catheterization may reduce the need for indwelling
catheterization. 4575

Aseptic Techniques for Insertion and Maintenance of Urinary Catheters

When indwelling catheterization is necessary, aseptic catheter insertion and maintenance
is recommended for preventing CAUTIs. Urinary catheters should be inserted by a trained
health care professional using a sterile technique.? Cleaning the meatus before catheter
insertion is recommended; but ongoing daily meatal cleaning with an antiseptic has not
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shown benefit and may increase rates of bacteriuria compared with routine care with soap
and water.50 Sterile lubricant jelly should be used for insertion, but antiseptic lubricants are
not necessary.>0

Maintaining a closed urinary catheter collection system is important to reduce the risk of
CAUTIs. Opening the closed system should be avoided, especially when sampling urine
that may be performed aseptically from a port or from the drainage bag.>° Prophylactic
instillation of antiseptic agents or irrigation of the bladder with antimicrobial or antiseptic
agents has shown no benefit in preventing bacteriuria and is not recommended.>° Finally,
routine exchange of urinary catheters is not recommended except for mechanical reasons
because bacteriuria and biofilms return quickly.2

Use of Antiinfective Catheters

Antiseptic or antimicrobial impregnated urinary catheters have been studied extensively as
an adjunctive measure for preventing CAUTIs with variable results.”8.77 However, almost all
previous studies used bacteriuria as the primary end point rather than symptomatic UTIs,
thus limiting their clinical relevance. In a Cochrane review, silver alloy catheters were
found to significantly reduce the incidence of asymptomatic bacteriuria in adult patients
catheterized less than 7 days, but the effect was diminished in those catheterized for greater
than 7 days.”’ A recent multicenter randomized controlled trial that did use symptomatic
CAUTIs as the end point reported no significant clinical benefit with the use of silver alloy-
coated or nitrofural-impregnated catheters during short-term (<14 days) catheterization.”8
Few studies have evaluated antiseptic and antimicrobial catheters in long-term urinary
catheterization.”® Therefore, there is no recommendation for routine use of antiinfective
urinary catheters to prevent CAUTIs.50 Despite these recommendations, a national study

in 2009 revealed that 45% of nonfederal and 22% of Department of Veterans Affairs
hospitals used antimicrobial catheters; hospitals using antiinfective catheters often based
their decisions on hospital-specific pilot studies.12

IMPLEMENTATION: THE ROLE OF BUNDLES, COLLABORATIVES, AND
LEADERSHIP

Recently, bundles of interventions have been used with success for the prevention of

HAls, including CAUTIs. The Bladder Bundle outlined using the mnemonic ABCDE in
Box 3 applied was successfully adopted by the Michigan Hospital Association Keystone
initiative.4953 After the implementation of this initiative, Michigan hospitals used more

key prevention practices and had a lower rate of CAUTIs when compared with hospitals

in the rest of the country.89 Finally, the important role of local hospital leadership and
followership for ensuring effective implementation of preventive initiatives has recently been
highlighted.81-83 The Web site www.catheterout.org provides a list of common barriers
along with solutions that hospitals may wish to use in their CAUTI prevention programs.
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SUMMARY

CAUTIs are common, costly, and cause significant patient morbidity. CAUTIs are associated
with hospital pathogens with a high propensity toward antimicrobial resistance. The
treatment of asymptomatic CAUTIs accounts for excess antimicrobial use in hospitals and
should be avoided. The duration of urinary catheterization is the predominant risk factor

for CAUTI; preventive measures directed at limiting the placement and early removal

of urinary catheters have a significant impact on decreasing CAUTIs. Bladder bundles,
collaboratives, and the support of hospital leaders are powerful tools for implementing
appropriate preventive measures against CAUTI.

Disclosures/Conflict of Interest:

C.E. Chenoweth, C.V. Gould: None; S. Saint: Honoraria and speaking fees from academic medical centers,
hospitals, specialty societies, group-purchasing organizations (eg, Premier, VHA), state-based hospital associations,
and nonprofit foundations (eg, Michigan Health and Hospital Association, Institute for Healthcare Improvement)
for lectures about catheter-associated urinary tract infection and implementation science.

REFERENCES

1. Chenoweth C, Saint S. Preventing catheter-associated urinary tract infections in the intensive care
unit. Crit Care Clin 2013;29:19-32. [PubMed: 23182525]

2. Chenoweth CE, Saint S. Urinary tract infections. Infect Dis Clin North Am 2011; 25(1):103-15.
[PubMed: 21315996]

3. Nicolle L Urinary catheter-associated infections. Infect Dis Clin North Am 2012; 26:13-27.
[PubMed: 22284373]

4. Burton D, Edwards J, Srinivasan A, et al. Trends in catheter-associated urinary tract infection in
adult intensive care units-United States, 1990-2007. Infect Control Hosp Epidemiol 2011;32:748-
56. [PubMed: 21768757]

5. Weber D, Sickbert-Bennett E, Gould C, et al. Incidence of catheter-associated and non-catheter-
associated urinary tract infections in a healthcare system. Infect Control Hosp Epidemiol
2011;32(8):822-3. [PubMed: 21768769]

6. Saint S, Lipsky BA. Preventing catheter-related bacteriuria: should we? Can we? How? Arch Intern
Med 1999;159(8):800-8. [PubMed: 10219925]

7. Saint S, Wiese J, Amory JK, et al. Are physicians aware of which of their patients have indwelling
catheters? Am J Med 2000;109:476-80. [PubMed: 11042237]

8. Sorbye L, Finne-Soveri H, Ljunggren G, et al. Indwelling catheter use in home care: elderly, aged
65+, in 11 countries in Europe. Age Ageing 2005;34(4):377-81. [PubMed: 15901577]

9. Chang R, Green MT, Chenoweth CE, et al. Epidemiology of hospital-acquired urinary tract-related
bloodstream infection at a university hospital. Infect Control Hosp Epidemiol 2011;32(11):1127-9.
[PubMed: 22011543]

10. Shuman EK, Chenoweth CE. Recognition and prevention of healthcare-associated urinary tract
infections in the intensive care unit. Crit Care Med 2010;38:5373-9. [PubMed: 20647795]

11. Saint S, Meddings JA, Calfee D, et al. Catheter-associated urinary tract infection and the Medicare
rule changes. Ann Intern Med 2009;150(12):877-84. [PubMed: 19528567]

12. Krein S, Kowalski C, Hofer TP, et al. Preventing hospital-acquired infections: a national survey
of practices reported by U.S. hospitals in 2005 and 2009. J Gen Intern Med 2012;27:773-9.
[PubMed: 22143455]

13. Lee G, Kleinman K, Soumerai S, et al. Effect of nonpayment for preventable infections in U.S.
hospitals. N Engl J Med 2012;36:1428-37.

Infect Dis Clin North Am. Author manuscript; available in PMC 2022 October 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenoweth et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 10

Meddings JA, Reichert H, Rogers MA, et al. Effect of nonpayment for hospital-acquired, catheter-
associate urinary tract infection: a statewide analysis. Ann Intern Med 2012;157(5):305-12.
[PubMed: 22944872]

Umsheid C, Mitchell M, Doshi J, et al. Estimating the proportion of healthcare-associated
infections that are reasonably preventable and the related mortality and costs. Infect Control Hosp
Epidemiol 2011;32(2):101-14. [PubMed: 21460463]

Dudeck M, Horan T, Peterson K, et al. National Healthcare Safety Network (NHSN) report, data
summary for 2010, device-associated module. Am J Infect Control 2011;39:798-816. [PubMed:
22133532]

Langley JM, Hanakowski M, LeBlanc JC. Unique epidemiology of nosocomial urinary tract
infection in children. Am J Infect Control 2001;29:94-8. [PubMed: 11287876]

Tambyah PA, Halvorson KT, Maki DG. A prospective study of pathogenesis of catheter-associated
urinary tract infections. Mayo Clin Proc 1999;74:131-6. [PubMed: 10069349]

Saint S, Chenoweth CE. Biofilms and catheter-associated urinary tract infections. Infect Dis Clin
North Am 2003;17:411-32. [PubMed: 12848477]

Chitnis A, Edwards J, Ricks P, et al. Device-associated infection rates, device utilization, and
antimicrobial resistance in long-term acute care hospitals reporting to the National Healthcare
Safety Network, 2010. Infect Control Hosp Epidemiol 2012;33(10):993-1000. [PubMed:
22961018]

Sievert D, Ricks P, Edwards J, et al. Antimicrobial-resistant pathogens associated with healthcare-
associated infections: summary of data reported to the National Healthcare Safety Network at

the Centers for Disease Control and Prevention, 2009-2010. Infect Control Hosp Epidemiol
2013;34(1):1-14. [PubMed: 23221186]

Bouza E, San Juan R, Munoz P, et al. European perspective on nosocomial urinary tract infections.
I. Report on the microbiology workload, etiology and antimicrobial susceptibility (ESGNI-003
study). Clin Microbiol Infect 2001;7:523-31. [PubMed: 11683792]

Sobel JD, Kauffman CA, McKinsey D, et al. Candiduria: a randomized, double-blind study of
treatment with fluconazole and placebo. Clin Infect Dis 2000;30:19-24. [PubMed: 10619727]

Demuth PJ, Gerding DN, Crossley K. Staphylococcus aureus bacteriuria. Arch Intern Med
1979;139:78-80. [PubMed: 760687]

Donlan RM. Biofilms and device-associated infections. Emerg Infect Dis 2001;7(2):1-4. [PubMed:
11266288]

Meddings J, Saint S. Disrupting the life cycle of the urinary catheter. Clin Infect Dis
2011;52:1291-3. [PubMed: 21596672]

Greene MT, Chang R, Kuhn L, et al. Predictors of hospital-acquired urinary tract-related
bloodstream infection. Infect Control Hosp Epidemiol 2012;33(10):1001-7. [PubMed: 22961019]

Hooten T, Bradley S, Cardenas D, et al. Diagnosis, prevention and treatment of catheter-associated
urinary tract infection in adults: 2009 international clinical practice guidelines from the Infectious
Diseases Society of America. Clin Infect Dis 2010;50:625-63. [PubMed: 20175247]

Musher DM, Thorsteinsson SB, Airola VM II. Quantitative urinalysis: diagnosing urinary tract
infection in men. JAMA 1976;236:2069-72. [PubMed: 989790]

Tambyah PA, Maki DG. Catheter-associated urinary tract infection is rarely symptomatic: a
prospective study of 1,497 catheterized patients. Arch Intern Med 2000;160(5):678-82. [PubMed:
10724054]

Tambyah PA, Maki DG. The relationship between pyuria and infection in patients with indwelling
urinary catheters: a prospective study of 761 patients. Arch Intern Med 2000;160(5):673-7.
[PubMed: 10724053]

Stark RP, Maki DG. Bacteriuria in the catheterized patient. What quantitative level of bacteriuria is
relevant? N Engl J Med 1984;311(9):560—4. [PubMed: 6749229]

Anonymous. The prevention and management of urinary tract infections among people with spinal
cord injuries. National Institute on Disabilities and Rehabilitation Research Consensus Statement.
January 27-29, 1992. J Am Paraplegia Soc 1992;15(3):194-204. [PubMed: 1500945]

Cope M, Cevallos M, Cadle R, et al. Inappropriate treatment of catheter-associated asymptomatic
bacteriuria in a tertiary care hospital. Clin Infect Dis 2009;48(9):1182-8. [PubMed: 19292664]

Infect Dis Clin North Am. Author manuscript; available in PMC 2022 October 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenoweth et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 11

Gandhi T, Flanders S, Markovitz E, et al. Importance of urinary tract infection to antibiotic use
among hospitalized patients. Infect Control Hosp Epidemiol 2009;30:193-5. [PubMed: 19125678]

Trautner B, Kelly P, Petersen N, et al. A hospital-site controlled intervention using audit
and feedback to implement guidelines concerning inappropriate treatment of catheter-associated
asymptomatic bacteriuria. Implement Sci 2011;6:41. [PubMed: 21513539]

Nicolle L, Bradley S, Colgan R, et al. Infectious Diseases Society of America guidelines for the
diagnosis and treatment of asymptomatic bacteriuria in adults. Clin Infect Dis 2005;40:643-54.
[PubMed: 15714408]

Pappas P, Kauffman C, Andes D, et al. Clinical practice guidelines for the management

of candidiasis: 2009 update by the Infectious Diseases Society of America. Clin Infect Dis
2009;48:503-35. [PubMed: 19191635]

Harding G, Nicolle L, Ronald A, et al. How long should catheter-acquired urinary tract infection in
women be treated? A randomized controlled study. Ann Intern Med 1991;114(9):713-9. [PubMed:
2012351]

Pavese P, Saurel N, Labarere J, et al. Does an educational session with an infectious

diseases physician reduce the use of inappropriate antibiotic therapy for inpatients with positive
urine culture results? A controlled before-and-after study. Infect Control Hosp Epidemiol
2009;30(6):596-9. [PubMed: 19419329]

Raz R, Schiller D, Nicolle LE. Chronic indwelling catheter replacement before antimicrobial
therapy for symptomatic urinary tract infection. J Urol 2000;164(4):1254-8. [PubMed: 10992375]

Boyce J, Pittet D. Guideline for hand hygiene in health-care settings. Recommendations of the
Healthcare Infection Control Practices Advisory Committee and the HICPAC/SHEA/APIC/IDSA
Hand Hygiene Task Force. MMWR Recomm Rep 2002;51(RR-16):1-45.

Siegel JD, Rhinehart E, Jackson M, et al. , Healthcare Infection Control Practices Advisory
Committee. Management of multidrug-resistant organisms in health care settings, 2006. Am J
Infect Control 2007;35(10 Suppl 2):S165-93. [PubMed: 18068814]

Dellit T, Owens R, McGowan J Jr, et al. Infectious Diseases Society of America and the Society
for Healthcare Epidemiology of America guidelines for developing an institutional program to
enhance antimicrobial stewardship. Clin Infect Dis 2007;44:159-77. [PubMed: 17173212]

Lo E, Nicolle L, Classen D, et al. Strategies to prevent catheter-associated urinary tract infections
in acute care hospitals. Infect Control Hosp Epidemiol 2008;29:541-50. [PubMed: 18840088]

Rebmann T, Greene L. Preventing catheter-associated urinary tract infections: an executive
summary of the Association for Professionals in Infection Control and Epidemiology. Am J Infect
Control 2010;38:644-6. [PubMed: 20868930]

Stone N, Ashraf M, Calder J, et al. Surveillance definitions of infections in long-term care
facilities: revisiting the McGeer criteria. Infect Control Hosp Epidemiol 2012;33(10):965-77.
[PubMed: 22961014]

Fakih M, Greene T, Kennedy E, et al. Introducing a population-based outcome measure to
evaluate the effect of interventions to reduce catheter-associated infection. Am J Infect Control
2012;40:359-64. [PubMed: 21868133]

Fakih MG, Watson SR, Greene MT, et al. Reducing inappropriate urinary catheter use: a statewide
effort. Arch Intern Med 2012;172(3):255-60. [PubMed: 22231611]

Gould C, Umscheid C, Agarwal R, et al. , Healthcare Infection Control Practices Advisory
Committee. Guideline for prevention of catheter-associated infections 2009. Infect Control Hosp
Epidemiol 2010;31:319-26. [PubMed: 20156062]

Saint S, Kowalski CP, Kaufman SR, et al. Preventing hospital-acquired urinary tract infection in the
United States: a national study. Clin Infect Dis 2008;46(2):243-50. [PubMed: 18171256]

Conway L, Pogorzelska M, Larson E, et al. Adoption of policies to prevent catheter-associated
urinary tract infections in United States intensive care units. Am J Infect Control 2012;40(8):705-
10. [PubMed: 22317857]

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(9):449-55. [PubMed: 19769204]

Infect Dis Clin North Am. Author manuscript; available in PMC 2022 October 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenoweth et al.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 12

Krein S, Kowalski C, Harrod M, et al. Barriers to reducing urinary catheter use: a qualitative
assessment of a statewide initiative. JAMA Intern Med 2013;173(10):881-6. [PubMed: 23529627]

Harrod M, Kowalski C, Saint S, et al. Variation in risk perceptions: a qualitative study of why
unnecessary urinary catheter use continues to be problematic. BMC Health Serv Res 2013;13:151.
[PubMed: 23622427]

Saint S, Greene M, Olmsted R, et al. Perceived strength of evidence supporting practices to prevent
health care-associated infection: results from a national survey of infection prevention personnel.
Am J Infect Control 2013;41:100-6. [PubMed: 23369314]

Conybeare A, Pathak S, Imam I. The quality of hospital records of urethral catheterisation. Ann R
Coll Surg Engl 2002;84(2):109-10. [PubMed: 11995747]

Gardam MA, Amihod B, Orenstein P, et al. Overutilization of indwelling urinary catheters and the
development of nosocomial urinary tract infections. Clin Perform Qual Health Care 1998;6:99—
102. [PubMed: 10182561]

Jain P, Parada JP, David A, et al. Overuse of the indwelling urinary tract catheter in hospitalized
medical patients. Arch Intern Med 1995;155(13):1425-9. [PubMed: 7794092]

Munasinghe RL, Yazdani H, Siddique M, et al. Appropriateness of use of indwelling

urinary catheters in patients admitted to the medical service. Infect Control Hosp Epidemiol
2001;22(10):647-9. [PubMed: 11776352]

Fakih MG, Pena M, Shemes S, et al. Effect of establishing guidelines on appropriate urinary
catheter placement. Acad Emerg Med 2010;17(3):337-40. [PubMed: 20370769]

Fakih MG, Dueweke C, Meisner S, et al. Effect of nurse-led multidisciplinary rounds on reducing
the unnecessary use of urinary catheterization in hospitalized patients. Infect Control Hosp
Epidemiol 2008;29(8):815-9. [PubMed: 18700831]

Huang WC, Wann SR, Lin SL, et al. Catheter-associated urinary tract infections in intensive care
units can be reduced by prompting physicians to remove unnecessary catheters. Infect Control
Hosp Epidemiol 2004;25(11):974-8. [PubMed: 15566033]

Saint S, Kaufman SR, Thompson M, et al. A reminder reduces urinary catheterization in
hospitalized patients. Jt Comm J Qual Patient Saf 2005;31(8):455-62. [PubMed: 16156193]

Cornia PB, Amory JK, Fraser S, et al. Computer-based order entry decreases duration of
indwelling urinary catheterization in hospitalized patients. Am J Med 2003;114:404-6. [PubMed:
12714131]

Meddings J, Rogers MA, Macy M, et al. Systematic review and meta-analysis: reminder systems to
reduce catheter-associated urinary tract infections and urinary catheter use in hospitalized patients.
Clin Infect Dis 2010;2010:550-60.

Knoll B, Wright D, Ellingson L, et al. Reduction of inappropriate urinary catheter use at a
Veterans Affairs hospital through a multifaceted quality improvement project. Clin Infect Dis
2011;52(11):1283-90. [PubMed: 21596671]

Miller B, Krein S, Fowler K, et al. A multimodal intervention to reduce urinary catheter use

and associated infection at a Veterans Affairs Medical Center. Infect Control Hosp Epidemiol
2013;34(6):631-3. [PubMed: 23651896]

Wald HL, Ma A, Bratzler DW, et al. Indwelling urinary catheter use in the postoperative period:
analysis of the national surgical infection prevention project data. Arch Surg 2008;143(6):551-7.
[PubMed: 18559747]

Wald HL, Epstein AM, Radcliff TA, et al. Extended use of urinary catheters in older surgical
patients: a patient safety problem? Infect Control Hosp Epidemiol 2008;29(2):116-24. [PubMed:
18179366]

Stephan F, Sax H, Wachsmuth M, et al. Reduction of urinary tract infection and antibiotic

use after surgery: a controlled, prospective, before-after intervention study. Clin Infect Dis
2006;42(11):1544-51. [PubMed: 16652311]

Saint S, Kaufman SR, Rogers MA, et al. Condom versus indwelling urinary catheters: a
randomized trial. J Am Geriatr Soc 2006;54(7):1055-61. [PubMed: 16866675]

Saint S, Lipsky BA, Baker PD, et al. Urinary catheters: what type do men and their nurses prefer? J
Am Geriatr Soc 1999;47(12):1453-7. [PubMed: 10591242]

Infect Dis Clin North Am. Author manuscript; available in PMC 2022 October 19.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenoweth et al.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Page 13

Niél-Weise B, van den Broek PJ. Urinary catheter policies for short-term bladder
drainage in adults. Cochrane Database of Systematic Reviews 2005;(3):CD004203.
10.1002/14651858.CD004203.pub2. [PubMed: 16034924]

Stevens E Bladder ultrasound: avoiding unnecessary catheterizations. Medsurg Nurs
2005;14(4):249-53. [PubMed: 16206895]

Johnson JR, Kuskowski MA, Wilt TJ. Systematic review: antimicrobial urinary catheters to
prevent catheter-associated urinary tract infection in hospitalized patients. Ann Intern Med
2006;144(2):116-26. [PubMed: 16418411]

Schumm K, Lam T. Types of urethral catheters for management of short-term voiding problems in
hospitalised adults. Cochrane Database Syst Rev 2008;(2):CD004013. [PubMed: 18425896]

Pickard R, Lam T, MacLennan G, et al. Antimicrobial catheters for reduction of symptomatic
urinary tract infection in adults requiring short-term catheterisation in hospital: a multicentre
randomised controlled trial. Lancet 2012;380:1927-35. [PubMed: 23134837]

Jahn P, Preuss M, Kernig A, et al. Types of indwelling urinary catheters for long-term bladder
drainage in adults. Cochrane Database Syst Rev 2007;(3):CD004997. [PubMed: 17636782]

Saint S, Greene M, Kowalski C, et al. Preventing catheter-associated urinary tract infection in the
United States; a national comparative study. JAMA Intern Med 2013;173(10):874-9. [PubMed:
23529579]

Damschroder L, Banaszak-Holl J, Kowalski CP, et al. The role of the champion in infection
prevention: results from a multistate qualitative study. Qual Saf Health Care 2009;18:434-40.
[PubMed: 19955453]

Saint S, Kowalski CP, Banaszak-Holl J, et al. How active resisters and organizational
constipators affect health care-acquired infection prevention efforts. Jt Comm J Qual Patient Saf
2009;35(5):239-46. [PubMed: 19480375]

Saint S, Kowalski CP, Banaszak-Holl J, et al. The importance of leadership in preventing
healthcare-associated infection: results of a multisite qualitative study. Infect Control Hosp
Epidemiol 2010;31(9):901-7. [PubMed: 20658939]

Infect Dis Clin North Am. Author manuscript; available in PMC 2022 October 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Chenoweth et al.

Page 14

Box 1
Strategies for prevention of CAUTIs

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 plan

. Nurse-based interventions

. Electronic reminders

Seek alternatives to indwelling catheterization

. Intermittent catheterization
. Condom catheter
. Portable bladder ultrasound scanner

Aseptic techniques for care of catheters

. Sterile insertion

. Closed drainage system

. Maintain gravity drainage

. Avoid routine bladder irrigation

Data from Refs.28,45,46,50

Infect Dis Clin North Am. Author manuscript; available in PMC 2022 October 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Chenoweth et al.

Page 15

Box 2

Acute urinary retention or bladder outlet obstruction
Need for accurate measurements of urinary output

Perioperative use for selected surgical procedures

Urinary incontinence in the setting of open perineal or sacral wounds
Improve comfort for end-of-life care or patient preference

Modified from Gould C, Umscheid C, Agarwal R, et al. Healthcare Infection Control
Practices Advisory Committee. Guideline for prevention of catheter-associated infections
2009. Infect Control Hosp Epidemiol 2010;31:319-26.

Appropriate indications for indwelling urinary catheters

Surgical procedures of anticipated long duration
Urologic procedures
Intraoperatively for patients with urinary incontinence

Need for intraoperative urinary monitoring or expected large volume of
intravenous infusions
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Box 3
The ABCDE for preventing CAUTIs

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

. Bladder ultrasound 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 to be 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(9):449-55; with permission.
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KEY POINTS

. Catheter-associated urinary tract infection (CAUTI) is often caused by
hospital-based pathogens with a propensity toward antimicrobial resistance.

. The diagnosis of CAUTI is problematic because pyuria and bacteriuria
are not reliable markers of infection. The treatment of bacteriuria in the
absence of symptoms is not indicated, except in patients at risk of developing
pyelonephritis or bloodstream infection (ie, pregnancy, urologic procedures
with bleeding).

. Indwelling urinary catheters that have been in place for more than 2 weeks
should be removed when treating CAUTI.

. The duration of urinary catheterization is the predominant risk for CAUTI;
preventive measures directed at limiting the placement and early removal of
urinary catheters significantly reduce CAUTI rates.

. Bladder bundles, collaboratives, and certain behaviors of hospital-based
leaders are powerful tools for implementing preventive measures for CAUTI.
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Table 1

Selected microorganisms associated with CAUTIs

LTACHSs 2009-2010 % (Rank)

NHSN All Units 2009-2010 % (Rank)

Escherichia coli 14 (3) 26.8 (1)
Candida spp? 10 (5) 127(3)
Enterococcus sppa 14 (3) 15.1(2)
Pseudomonas aeruginosa 19 (1) 11.3 (4)
Klebsiella (pneumoniae/oxytoca) 17 (2) 11.2 (5)

Abbreviation: LTACH, long-term acute care hospitals.

aSpecies reported by Sievert et al2l combined; therefore, rankings modified.
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Data from Chitnis A, Edwards J, Ricks P, et al. Device-associated infection rates, device utilization, and antimicrobial resistance in long-term

acute care hospitals reporting to the National Healthcare Safety Network, 2010. Infect Control Hosp Epidemiol 2012;33(10):993-1000; and Sievert
D, Ricks P, Edwards J, et al. Antimicrobial-resistant pathogens associated with healthcare-associated infections: summary of data reported to the
National Healthcare Safety Network at the Centers for Disease Control and Prevention, 2009-2010. Infect Control Hosp Epidemiol 2013;34(1):1-

14.
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Table 2
Risk factors for CAUTIs
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 Aged >50 y Diabetes mellitus Serum creatinine >2 mg/dL
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