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Abstract

BACKGROUND—Catheter-associated urinary tract infection (UTI) is a common device-
associated infection in hospitals. Both technical factors — appropriate catheter use, aseptic
insertion, and proper maintenance — and socioadaptive factors, such as cultural and behavioral
changes in hospital units, are important in preventing catheter-associated UTI.
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METHODS—The national Comprehensive Unit-based Safety Program, funded by the Agency for
Healthcare Research and Quality, aimed to reduce catheter-associated UTI in intensive care units
(ICUs) and non-ICUs. The main program features were dissemination of information to sponsor
organizations and hospitals, data collection, and guidance on key technical and socioadaptive
factors in the prevention of catheter-associated UTI. Data on catheter use and catheter-associated
UTI rates were collected during three phases: baseline (3 months), implementation (2 months),
and sustainability (12 months). Multilevel negative binomial models were used to assess changes
in catheter use and catheter-associated UT] rates.

RESULTS—Data were obtained from 926 units (59.7% were non-ICUs, and 40.3% were ICUs)
in 603 hospitals in 32 states, the District of Columbia, and Puerto Rico. The unadjusted catheter-
associated UTI rate decreased overall from 2.82 to 2.19 infections per 1000 catheter-days. In

an adjusted analysis, catheter-associated UTI rates decreased from 2.40 to 2.05 infections per
1000 catheter-days (incidence rate ratio, 0.86; 95% confidence interval [CI], 0.76 to 0.96; P =
0.009). Among non-ICUs, catheter use decreased from 20.1% to 18.8% (incidence rate ratio,
0.93; 95% Cl, 0.90 to 0.96; P<0.001) and catheter-associated UTI rates decreased from 2.28

to 1.54 infections per 1000 catheter-days (incidence rate ratio, 0.68; 95% CI, 0.56 to 0.82;
P<0.001). Catheter use and catheter-associated UT]I rates were largely unchanged in ICUs. Tests
for heterogeneity (ICU vs. non-1CU) were significant for catheter use (P = 0.004) and catheter-
associated UT] rates (P = 0.001).

CONCLUSIONS—A national prevention program appears to reduce catheter use and catheter-
associated UTI rates in non-ICUs. (Funded by the Agency for Healthcare Research and Quality.)

Catheter-associated urinary tract infection (UTI) is a common device-associated infection

in the United States! and one of the most common health care-associated infections
worldwide.2 Up to 69% of catheter-associated UTIs are considered to be avoidable,
provided that recommended infection-prevention practices are implemented.2 Guidelines
for the prevention of catheter-associated UTIs recommend appropriate use, aseptic insertion,
proper maintenance, and timely removal of indwelling urinary catheters, as well as use

of established practices such as hand hygiene.#-8 In addition to these technical aspects of
prevention, there has been a focus on the roles that changes in behavior and culture (the
socioadaptive component of prevention) play in quality improvement.’

Preventing health care-associated infection in general, and catheter-associated UTI in
particular, has emerged as a priority in the United States, with government agencies taking

a lead role. Catheter-associated UTI was the first hospital-acquired complication chosen

by the Centers for Medicare and Medicaid Services in 2008 as the basis for denial of
additional payment to hospitals. In 2009, the Department of Health and Human Services
released the “National Action Plan to Prevent Health Care-Associated Infections: Road Map
to Elimination,” which provided strategic guidance for preventing infections in acute care
hospitals.? The goal was to reduce the rates of catheter-associated UTI by 25% by 2013.10
Despite these efforts, national data indicate that the incidence of catheter-associated UT]
increased by 6% from 2009 to 2013.11

The Agency for Healthcare Research and Quality (AHRQ), along with the Health Research
and Educational Trust (the research and education affiliate of the American Hospital
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Association) and its partners, launched a nationwide effort to implement the Comprehensive
Unit-based Safety Program (CUSP) to reduce catheter-associated UTIs (also known as On
the CUSP: Stop CAUTI) in U.S. hospitals. This effort involved an explicit focus on both the
technical and socioadaptive aspects of prevention.12 The results from the first four of nine
cohorts of hospital units are described here.

OVERVIEW OF THE PROGRAM

Sponsored by the AHRQ and based on the successful Michigan Health and Hospital
Association (MHA) Keystone Center’s Bladder Bundle Initiative,1314 our program
represented a national collaboration of professional societies, academic researchers,
government agencies (including the Centers for Disease Control and Prevention [CDC]), and
state hospital associations. The main features of the program were centralized coordination
and dissemination of educational materials and tool kits to sponsor organizations and
hospitals, data collection with the use of established definitions and approaches, guidance
on technical practices that prevent catheter-associated UTI, and an emphasis on addressing
socioadaptive factors (both general issues and those specific to catheter-associated UTI).
Tools from CUSP were used to support the socioadaptive aspects of catheter-associated

UTI prevention.® The program was led by the Health Research and Educational Trust with
the support of faculty from the University of Michigan, St. John Hospital and Medical
Center, the MHA Keystone Center, and Johns Hopkins Medicine Armstrong Institute for
Patient Safety and Quality. In addition to these program experts, representatives from the
Association for Professionals in Infection Control and Epidemiology, Emergency Nurses
Association, Society for Healthcare Epidemiology of America, and Society of Hospital
Medicine were recruited to serve as content experts (i.e., experts in the definition, measures,
and prevention of catheter-associated UTI). Guidance was also provided by a panel of
experts on patient safety, catheter-associated UTI, teamwork, and implementation.

The program, modeled on a previous program that had successfully reduced bloodstream
infections due to central venous catheters,16:17 entailed several steps. First, sponsor
organizations (e.g., state hospital associations or other large organizations such as Hospital
Engagement Networks) were recruited and assigned to a cohort of hospital units that joined
the program at the same time. Nine cohorts have participated in the program, which began
in March 2011. We report the results for the first four cohorts, all of which consisted of
inpatient units that completed the 18-month program between March 2011 and November
2013. The other five cohorts included emergency departments.

A representative from each state hospital association or organization served as the

leader, recruiting inpatient units to participate in the program, monitoring data collection,
facilitating monthly coaching calls, and coordinating learning sessions. Each participating
inpatient unit was tasked with forming a unit-based team to focus on the prevention of
catheter-associated UTI. Intensive care units (ICUs) and inpatient units that were not ICUs
(non-1CUs, mainly medical and surgical units) were eligible for participation.
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STUDY OVERSIGHT

The University of Michigan Institutional Review Board reviewed the study and determined
that it did not meet the regulatory definition of research involving human subjects. Authors
with access to project data signed a data confidentiality agreement with the sponsor. The
data analysis plan was prepared and conducted independently of the sponsor by two of the
authors at the University of Michigan. All authors vouch for the accuracy and completeness
of the data and analysis.

STUDY INTERVENTIONS

The goals of the program were to reduce catheter-associated UTIs and improve attitudes
and behavior with respect to safety (i.e., the safety culture) in participating units; this
analysis focuses on reducing catheter-associated UTIs. Key interventions were as follows:
conducting a daily assessment of the presence and necessity of an indwelling urinary
catheter; avoiding the use of an indwelling urinary catheter by considering alternative
urine-collection methods, such as intermittent straight catheterization; and emphasizing the
importance of aseptic technique during insertion of a catheter and proper maintenance

after insertion (Table 1). However, each hospital unit could tailor these interventions to

the specific circumstances of the unit. Additional recommended interventions were as
follows: providing feedback to the units’ nurses and physicians on catheter use and catheter-
associated UTI rates and providing training to address any identified gaps in knowledge
about urinary management processes (i.e., proper insertion and maintenance of indwelling
urinary catheters, use of alternative urine-collection methods, and prevention of infectious
and noninfectious consequences of urinary-catheter use). Table 1 outlines the key elements
of the intervention. To help each site implement this initiative, a multitude of tools,
manuals, and checklists were provided on the program website (www.ahrg.gov/cautitools),
including a detailed implementation guide to assist participants (see the Supplementary
Appendix, available with the full text of this article at NEJM.org). Additional resources were
available on the websites of partner organizations (www.catheterout.org and www.ahrg.gov/
professionals/education/curriculum-tools/cusptoolkit) to help unit teams customize program
activities. An overview of the initiative is provided elsewhere.12

Education on the prevention of catheter-associated UTI was provided to participating units
through in-person meetings, coaching calls, and webinars (Table S1 in the Supplementary
Appendix). Briefly, there were three in-person or virtual meetings (“learning sessions”) for
participating unit teams over the course of the program. The first learning session was held
at the start of the program, the second early in the sustainability phase (around month 9), and
the third at the end of the program. In addition, monthly national content calls were were
conducted, during which experts provided education on both technical and socioadaptive
aspects of catheter-associated UTI prevention. The leaders also led monthly coaching calls
with the participating units in the leader’s state or organization to review data trends, discuss
unit-specific issues, and share best practices in the prevention of catheter-associated UTI.

OUTCOMES AND DATA COLLECTION

The primary outcome was the rate of catheter-associated UTI, defined by the CDC’s
National Healthcare Safety Network as the number of catheter-associated UTIs divided
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by 1000 catheter-days (see Table S2 in the Supplementary Appendix).18 The proportion of
patients with indwelling urinary catheters (i.e., catheter use) was monitored as a process
measure and was calculated as the number of catheter-days divided by the number of
patient-days and multiplied by 100. Participating units provided the total numbers of
catheter-associated UTIs, catheter-days, and patient-days for each month of data collection
according to the program schedule: all 3 months of the baseline phase, both months of the
implementation phase, and 1 month every quarter during the year-long sustainability phase

(Fig. 1).

STATISTICAL ANALYSIS

Our analysis included inpatient units that participated in the study, reported program

data, and had data on hospital characteristics available from the 2010 American Hospital
Association Annual Survey of Hospitals. Descriptive statistics were used to summarize
hospital characteristics and process and outcome data, stratified according to ICU status.

We used multilevel mixed-effects negative binomial regression to examine the changes

in catheter use and in rates of catheter-associated UTI over the course of the project,
stratified according to ICU status (an a priori classification based on distinguishing clinical
characteristics). Random intercepts for unit and hospital were included to accommodate the
nested-data structure. The logarithm of the number of catheter-days was used as an offset
for models examining changes in catheter-associated UTI rates. The logarithm of the number
of patient-days was used as an offset for the catheter-use models. Time was calculated as
the number of days from the end of the baseline period to the end of the fourth quarter

of the sustainability period, and the reported incidence rate ratios represent the change

over the course of the intervention. All models were adjusted for the following hospital
characteristics: size (number of beds), rural or urban location, and teaching or nonteaching
hospital. In addition, the models were adjusted for critical-access status (i.e., whether the
hospital meets specific requirements for Medicare reimbursement, including a small number
of inpatient beds [<25] and a short average length of stay).19

Given attrition in the number of units submitting data over the course of the project, we
conducted a sensitivity analysis to examine whether changes in catheter-associated UTI rates
differed between units that submitted all the expected data and those that did not complete
data submission. The same modeling approach outlined above for the primary analysis was
used for the sensitivity analysis, with an additional indicator variable for units submitting all
expected data.

All statistical tests were performed at an alpha level of 0.05. Two-tailed estimates of

effect (incidence rate ratios) and 95% confidence intervals are reported for all regression
coefficients. Statistical analyses were performed with the use of Stata/MP software, version
13.1 (StataCorp).
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CHARACTERISTICS OF THE HOSPITAL UNITS

A total of 1202 units were originally enrolled in cohorts 1 through 4; however, 276 units
(23.0%) did not provide any data, did not have data on hospital characteristics available,
were subsequently found to be ineligible, or withdrew from the program and were therefore
excluded from this analysis. As compared with units included in the analysis, those that
were excluded were more likely to be from small, rural, or nonteaching hospitals (see Tables
S3 and S4 in the Supplementary Appendix). Here we present data from 926 units in 603
hospitals, located in 32 states, the District of Columbia, and Puerto Rico, that participated

in the first four cohorts. The data represent more than 10% of U.S. acute care hospitals.

Of the participating units, 59.7% were non-1CUs and 40.3% were ICUs. Selected hospital
characteristics according to unit type are shown in Table 2. Participating ICUs were more
likely than non-1CUs to be located in teaching hospitals but were less likely to be in rural or
critical-access hospitals. Data on the total number of catheter-days and patient-days, as well
as unadjusted catheter-associated UTI rates and catheter use per project period, are provided
in Table S2 in the Supplementary Appendix.

CHANGES IN CATHETER-ASSOCIATED UTI RATES AND CATHETER USE

Across all participating units, the unadjusted rates of catheter-associated UTI decreased
by 22.3%, from 2.82 infections per 1000 catheter-days at the end of baseline to 2.19 per
1000 catheter-days at the end of the sustainability period. In an adjusted analysis, the rates
decreased from 2.40 infections per 1000 catheter-days at the end of baseline to 2.05 per
1000 catheter-days at the end of the sustainability period (incidence rate ratio, 0.86; 95%
confidence interval [CI], 0.76 to 0.96; P = 0.009). Changes in rates according to unit type,
adjusted for hospital characteristics, are shown in Table 3. Reductions occurred mainly in
non-ICUs, where catheter-associated UTI rates decreased from 2.28 to 1.54 infections per
1000 catheter-days (incidence rate ratio, 0.68; 95% CI, 0.56 to 0.82; P<0.001). The rates
did not change significantly in ICUs: 2.48 infections per 1000 catheter-days at the end of
baseline and 2.50 per 1000 catheter-days at the end of the sustainability period (incidence
rate ratio, 1.01; 95% ClI, 0.87 to 1.17; P = 0.90). The test for interaction by ICU status was
significant (P = 0.001).

In an unadjusted analysis, catheter use decreased from 19.8% to 18.2% in non-1CUs

and from 61.1% to 57.6% in ICUs during the program (Table S2 in the Supplementary
Appendix). Changes in catheter use, adjusted for hospital characteristics, are shown
according to unit type in Table 4. Catheter use decreased significantly, from 20.1% at the
end of baseline to 18.8% at the end of the sustainability period in non-ICUs (incidence
rate ratio, 0.93; 95% CI, 0.90 to 0.96; P<0.001) but did not change significantly in ICUs
(from 62.8% to 61.9% [incidence rate ratio, 0.98; 95% ClI, 0.96 to 1.01; P = 0.15). The
test for interaction was significant (P = 0.004). Significant associations between hospital
characteristics and catheter use were not detected for the non-ICUs. However, catheter use
was significantly lower in ICUs located in rural areas than in those located in nonrural areas
(incidence rate ratio, 0.85; 95% ClI, 0.78 to 0.91; P<0.001) and in ICUs in critical-access
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hospitals than in those in hospitals that were not designated as critical-access hospitals
(incidence rate ratio, 0.81; 95% ClI, 0.67 to 0.98; P = 0.03).

SENSITIVITY ANALYSIS

Of the 926 units in the primary analysis, 573 (61.9%) submitted all expected data for

each period of the project. Units that provided all data were compared with those that did
not, in terms of hospital characteristics (see Table S5 in the Supplementary Appendix).

Our sensitivity regression analyses indicated that changes in catheter-associated UTI rates
for units that completed the project and submitted data through the fourth quarter of the
sustainability period did not differ significantly from changes in the rates for units with
incomplete data. This was true for both non-1CUs (adjusted incidence rate ratio for units
submitting all data, 1.04; 95% CI, 0.82 to 1.31; P = 0.76) and ICUs (adjusted incidence
rate ratio for units submitting all data, 1.09; 95% ClI, 0.84 to 1.41; P = 0.53). The test

for interaction was not significant (P = 0.14). Similarly, changes in catheter use did not
differ significantly between units that completed the project and submitted data through the
fourth quarter of the sustainability period and units with incomplete data, for both non-ICUs
(adjusted incidence rate ratio for units submitting all data, 1.01; 95% CI, 0.92 to 1.12; P =
0.79) and ICUs (adjusted incidence rate ratio for units submitting all data, 0.95; 95% Cl,
0.89t0 1.01; P = 0.11). The test for interaction was not significant (P = 0.80).

DISCUSSION

We report the results from the first four cohorts of a national program that aims to reduce
rates of catheter-associated UTI in U.S. hospitals. We found that a collaborative effort
focusing on both technical and socioadaptive interventions can reduce catheter-associated
UTI rates in the non-1CU setting. This approach was based on prior studies performed at the
local level20:21 and the regional level.13:14.22 Using these previous studies as a foundation,
we learned how to scale up the intervention from a program in a single hospital or region to
a national program. We also used the results of previous qualitative studies23-24 to guide our
implementation efforts.

Our findings suggest that non-ICUs benefited from participating in the program, whereas
ICUs did not. This dichotomy between ICUs and non-ICUs is also characteristic of the
CDC'’s surveillance data, which show that the rates of catheter-associated UTI in non-ICUs
decreased by 14% between 2009 and 2012 but that the rates in ICUs increased by 9%.2° The
reason ICUs have been less successful than non-ICUs in preventing catheter-associated UTIs
is unclear. One possible explanation is the belief that patients who are ill enough to warrant
admission to the ICU require close monitoring of urine output, which is an appropriate
criterion for indwelling urinary catheters. The higher catheter-associated UTI rate in ICUs
could also be related to the frequent occurrence of fever in critically ill patients, coupled
with routine culturing of various body fluids, including urine, to identify possible sources of
infection.2® Given these factors and the CDC criteria for catheter-associated UTI, patients in
ICUs may meet the surveillance definition of catheter-associated UTIs more frequently than
patients in non-ICUs.

N Engl J Med. Author manuscript; available in PMC 2022 November 14.
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Four important limitations of the study should be considered. First, it was not a randomized
trial; thus, confounding variables may have played a role in the findings. Of greatest concern
would be secular trends, since such a bias is often seen in quality-improvement projects.2’
However, data from the CDC suggest a national trend toward increasing rates of catheter-
associated UTI between 2009 and 2013.11 Although we found that catheter-associated UTI
rates decreased significantly in non-ICUs participating in the program, we cannot rule

out the possibility that other units not participating in the program have achieved similar
reductions over a contemporaneous period, despite overall increases in catheter-associated
UTIs across the United States. Second, since participation in the program was voluntary, our
findings may not be generalizable to all U.S. hospitals. Third, incomplete data collection is
common in quality-improvement projects. Specifically, there is a concern that the hospitals
that stop providing data are those that are less successful in their efforts. Our sensitivity
analyses suggest that changes in catheter-associated UT]I rates and catheter use did not differ
significantly between units that completed the program and submitted all the expected data
and units that provided data for a shorter period. Finally, the hospital units were allowed to
tailor the way in which they implemented the interventions. One of the challenges in broad-
scale quality-improvement efforts is providing a specific set of recommended interventions
— in this case, daily assessment of the necessity for indwelling urinary catheters, use of
alternative devices, proper insertion and maintenance, and data feedback — while allowing
flexibility for sites to decide how best to implement these core practices. This flexibility
was necessary because of differences between units (e.g., a surgical unit and an adjoining
medical unit) in structure and culture that are based on traditions and the types of health care
workers in the unit.

These limitations notwithstanding, we found that a national collaborative program
implemented in more than 10% of U.S. hospitals led to a decrease in rates of catheter-
associated UTI in non-1CUs. Our approach to preventing catheter-associated UTIs used both
technical and cultural interventions. A similar collaborative effort is extending this program
to long-term care settings, for which preventive data are more limited.28.29

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study Timeline.
Outcome data are collected by the participating hospital units and submitted to the Michigan

Health and Hospital Association (MHA) Care Counts database for 3 months during the
baseline phase, 2 months during the implementation phase, and every third month during the
1-year sustainability phase. Education is provided during recruiting calls, learning sessions,
monthly content calls, and monthly coaching calls.
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Table 2.

Hospital Characteristics, According to Unit Type.”

Characteristic Non-ICU (N=553) [ICU(N=373) P Value
Hospital size (no. of beds) 200+198 297+247 <0.001
Teaching hospital (%) 5 18 <0.001
Rural hospital (%) 35 26 0.002

Critical-access hospital (%) 20 3 <0.001

*
Plus-minus values are means +SD. ICU denotes intensive care unit.
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Table 4.

Multivariable-Regression Estimates of Changes in Catheter Use, According to Unit Type.”

Variable Non-1CU (N = 553) ICU (N = 373)

IRR(95% CI) PValue IRR(95% Cl) P Value

Time’ 0.93(0.90-0.96) <0.001 098 (0.96-1.01)  0.15
Teaching hospital 0.96 (0.73-1.26)  0.77  0.96(0.88-1.06)  0.45
Rural hospital 0.89(0.78-1.01)  0.07  0.85(0.78-0.91) <0.001
Critical-access hospital 0.95 (0.82-1.10) 0.47 0.81 (0.67-0.98) 0.03

Hospital size (per 100-bed increase)? 098 (0.95-1.02) ~ 0.38  1.02(1.01-1.04) ~ 0.0

*
IRRs are shown for changes from baseline in catheter use, which was calculated as the number of catheter-days per number of patient-days.
Negative binomial models were fit, with random intercepts for hospital and unit.

fTime was defined as the number of days from the end of the baseline period (day 0) to the end of the sustainability period (day 427). Thus, the
IRR indicates the percentage change from the end of baseline to the end of the study period. P = 0.004 for the comparison between non-ICUs and
ICUs.

’tP =0.001 for the comparison between non-ICUs and ICUs.
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