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Abstract

Engagement of frontline staff, along with senior leadership, in competition-style healthcare-associated infection reduction efforts, combined
with electronic clinical decision support tools, appeared to reduce antibiotic regimen initiations for urinary tract infections (P= .01). Mean
monthly standardized infection and device utilization ratios also decreased (P< .003 and P< .0001, respectively).

(Received 22 April 2020; accepted 8 June 2020; electronically published 30 June 2020)

Healthcare-associated infections (HAIs) are the most frequent
adverse event in healthcare delivery worldwide, affecting up to
10% of patients on general medical-surgical wards and up to
30% of patients in intensive care units.1 Annually, HAIs cost
billions of dollars and cause an estimated 1.7 million infections
and 99,000 associated deaths in the United States. Furthermore,
25% of all hospitalized patients have indwelling catheters,2-4 and
device-related HAIs, such as catheter-associated urinary tract
infections (CAUTIs), are more likely to be caused by antibiotic-
resistant bacteria.5

Reduction and prevention of HAIs, especially CAUTIs, which
can account for up to one-third of all HAIs, are leading priorities
for hospitals, regulators, and payors.2,6,7 However, the US Center
for Disease Control and Prevention’s National Health Safety
Network (CDC-NHSN) surveillance definition of CAUTI
has limited clinical correlation; it does not fully reflect noninfec-
tious harm related to the catheter.2,7,8 Therefore, experts continue
to debate and refine HAI surveillance metrics to best capture
both catheter-related infectious harm and catheter-related non-
infectious (CRNH) harm such as urethral trauma, immobility,
pain, bleeding, and leakage. In fact, indwelling urinary catheters
(IUCs) usually cause more noninfectious than infectious
harm.2,3,7

The commonly used standardized infection ratio (SIR) does
not fully capture CRNH or the impact of prevention efforts in

all settings.2,3,7 Alternatively, device utilization rates and ratios
(DURs) do not reflect differences in other factors that may
describe levels of device use.8 Furthermore, DURs lose compa-
rability over time and across settings, and they can mask truly
effective interventions by selecting for a higher-risk group of cath-
eterized patients.8 Experts, including the CDC-NHSN, now support
the use of the standardized utilization ratio (SUR).8 However, a
literature search revealed only 1 small, short-duration, single-center
study that used the SUR as a metric.9 Similarly, experts have criti-
cized the quality of descriptions of interventions as “remarkably
poor.”10 To address this, they encourage using the Template for
Intervention Description and Replication (TIDieR) guidelines.10

However, reports using the TIDieR format for CAUTI interventions
are rare.

We implemented a multidimensional intervention capable
of reducing IUC use and CAUTI across a 5-hospital healthcare
system, totaling 1,056 acute-care beds. The intervention and
outcomes are presented using the TIDieR guideline and the most
recently recommended quality measure, namely the SUR.

Methods

A before-and-after study was conducted at a 5-hospital healthcare
system, totaling 1,692 acute-care beds from September 1, 2017, to
October 1, 2019. Participants included all adult inpatients. The
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intervention occurred from August 15, 2018, to September 14,
2018, and consisted of 3 major features. The first feature was an
interactive educational campaign comprising one-on-one engage-
ments between infection preventionists and frontline nurses and
providers. This campaign was combined with an Olympic-style
competition among units rewarding overall participation, device
utilization, clandestinely monitored hand hygiene, and CAUTI
rates. Both were collectively referred to as the ‘DeCATHlon’
(Supplemental Table 1 online). The second feature was making
sure device alternatives, in the form of female external urinary
collection devices and male custom-fitted condom catheters,
were available to all units, and practitioners were trained in the
indications and capabilities of the noninvasive devices. The third
feature consisted of increasing the urinalysis reflex to culture
threshold from >5 to ≥10 WBCs, and electronic prompts or com-
puterized decision support (CDS) for ordering urine cultures
for patients with intrauterine contraceptives (IUCs), and for
encouraging device alternatives and catheter removal (Fig. 1). In
addition to the 3 main components, weekly unit-specific device
utilization reports were sent to each ward or patient care location.
Monthly, quality department representatives discussed unit-level
DURs with managers, who then reviewed patient-level device
use at daily informal meetings with physicians and advanced prac-
tice providers. Executives, including the chief medical officer, also
provided feedback to units and individual providers, especially
those considered to be performance outliers. Supplemental
Table 1 (online) details the intervention based on the TIDIER
checklist.

The significance of differences between pre intervention and
postintervention metrics was determined using the R statistical
package.We performed 2 tests: the Student t test, which is optimized
for normally distributed data, and the Kolmogorov-Smirnov test,
which makes no assumptions about data distribution.

Results

For the 2-year study period, the combined average daily census for
all hospitals was 87% of capacity, the combined average length of
stay was 6.8 days, the average infection prevention staff (IPS) to
inpatient bed ratio was 1 IPS per 175 beds, and the average
hand hygiene compliance rate was 74%. We noted no significant
changes in length of stay, occupancy, staffing levels or hand
hygiene compliance during the study period. In the postinterven-
tion period, a left ventricular-assist device (LVAD) service was
launched. One year after the intervention, CAUTI rates, the SIR,
device days, the SUR, and antibiotic prescriptions initiated for
inpatient urinary tract infections (UTIs) significantly decreased.
Orders for device alternatives and device-alternative days
increased. Orders for IUCs significantly decreased (Supplemental
Fig. 1 online), and orders using decision-support prompts for IUCs
and urine cultures also significantly increased (Table 1). All major
quality measures significantly improved in the postintervention

period, and the results achieved significance, whether the paramet-
ric t test for normally distributed data or the nonparametric
Kolmogorov-Smirnov test was used. Similarly, infection-related
complications were reduced, regardless of denominator used,
infection per device day, or infection per patient day (Table 1).6

These improvements were comparable across all facilities and were
proportional to the facility size.

Discussion

These findings are noteworthy for several reasons. First, the LVAD
service, launched in the postintervention period, became the sec-
ond-busiest program of its type in the United States, and it iden-
tified a group of patients at high risk of IUC use and infection in the
postintervention period who were absent in the preintervention
period. Second, the improvements in the quality measures have
been sustained beyond the end of the formal postintervention
period (until early 2020, when COVID-19 overwhelmed infection
prevention efforts). The mean monthly SIR and of 2019 was 1.06
(SD, 0.184) and the SUR for the last quarter was 0.91 (SD, 0.026);
these values were not significantly different from those in the post-
intervention period (P= 0.25 and P= 0.18, respectively). Third,
CAUTI interventions described using the TIDieR guideline are
scarce. Fourth, despite numerous reports of interventions for
reducing CAUTI, we were unable to locate large published studies
that had used the recently recommended SUR as the main quality
measure.9

This study had several limitations. The study had a quasi-
experimental design, and we were unable to capture data pertain-
ing to catheter-related bacteriuria and CAUTI-specific antibiotic
usage. The initial stages of this approach are education based
and time intensive, and the effect can be lost with staff turnover.
However, the DeCATHlon stage is a crucial first step necessary
for achieving buy-in, esprit de corps, and ownership, which ulti-
mately fostered sustainability. Increased automation and CDS
(an additional 90 hours) are also important for maintaining
long-term impact. Last, we were unable to perform a cost analysis,
but the DeCATHlon was done as part of everyone’s regular
hours and as part of their routine nursing, infection prevention,
and leadership responsibilities at no extra cost.

Despite these limitations, the methods and findings are gen-
eralizable to other hospitals and any healthcare system that
has an electronic medical record and supportive leadership. An
approach using DeCATHlons, invasive device alternatives, and
electronic clinical decision support is easily customizable to
any infection, device, or diagnostic test. For example, we achieved
comparable outcomes using a nearly identical but slightly less
intense approach for reducing hospital-onset Clostridioides
difficile. In the future, we plan to use this approach for central-
line–associated blood stream infections, and to evaluate its fea-
sibility for surgical site infections.
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Fig. 1. Electronic prompts or clinical decision support for ordering urine cultures on patients with indwelling urinary catheter, and for encouraging device alternatives
and catheter removal.
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Table 1. Preintervention and Postintervention Results

Variable Preinterventiona Postinterventionb
P Value
T test

P Value
Kolmogorov-Smirnov

Test

Total mean daily census 897 809 .4931 : : :

Mean monthly CAUTIs (SD) 6.69 (1.97) 3.08 (2.02) .0002 .0063

Mean monthly SIR (SD) 1.31 (0.41) 0.70 (0.49) .0029 .0034

Mean monthly patient days (SD) 27,071 (1,150) 26,879 (961) .6544 .9864

CAUTI/10,000 patient days (SD) 2.49 (0.77) 1.15 (0.76) .0002 .0034

Mean monthly orders for indwelling catheter (SD) 1,402 (64.6) 1,012 (125) <.0001

Mean monthly device days (SD) 4582 (430) 3837 (357) .0001 .0002

CAUTI/1,000 device days (SD) 1.47 (0.45) 0.80 (0.55) .0035 .0126

Mean monthly SUR (SD) 1.05 (0.09) 0.85 (0.07) <.0001 .0003

Mean monthly orders for device- alternatives (SD) 23.11 (25.4) 135.8 (22.5) <.0001 <.001

Mean monthly device-alternative days (SD) 108 (177) 541 (34) <.0001 <.0001

Mean monthly orders for indwelling catheters that
were CDS supported

0 (0) 258 (94) <.0001 <.001

Mean monthly orders for urine cultures (SD) 903 (48.1) 277.5 (274) <.0001 <.001

Mean monthly urine culture orders that were
CDS-supported (SD)

(0) 335.8 (153) <.0001 <.001

Antibiotic starts for UTI 819.6 (82.2) 739 (74.5) .01 : : :

Note. SD, standard deviation; SIR, standardized infection ratio; CAUTI, catheter-associated urinary tract infection; CDS, computerized decision support; UTI, urinary tract infection.
aSeptember 1, 2017, to September 14, 2018.
bSeptember 15, 2018, to September 30, 2019.
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