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Abstract Background/purpose: This study was intended to investigate the impact of imple-
mentation of catheter-associated urinary tract infection (CA-UTI) bundle care on the incidence
of CA-UTI in high-risk units.

Methods: Thirteen high-risk units, including medical (n = 5), surgical (n = 3), cardiac inten-
sive care units (n = 2), respiratory care centers (n = 2), and respiratory care ward (n = 1)
were included in this quality-improvement project. This study was divided into pre-
intervention phase (from January 1 to July 31) and post-intervention phase (from August 1
to October 31) in 2013.

Results: The incidence of CA-UTI decreased by 22.7%, from 3.86 to 2.98 per 1000 catheter-days
(95% confidence interval, 0.65—0.82; p < 0.0001) before and after the introduction of the CA-
UTI bundle. Among 66 episodes of culture-proven CA-UTlIs, Candida spp. were the most common
pathogens (n = 17, 25.8%), followed by Escherichia coli (n = 10, 15.2%). For the seven elements
of the insertion bundle, the compliance was the lowest for cleaning of the perineum, followed
by hand hygiene. The overall compliance rates of the insertion bundle were 93.4%, 99.5%, and
96.3% in medical centers, regional hospitals, and district hospital, respectively. For the six el-
ements of the maintenance bundle, the compliance was the lowest for daily review of the need
of a Foley catheter. The overall compliance rates of the maintenance bundle were 95.7%,
99.9%, and 99.9% in medical centers, regional hospitals, and district hospital, respectively.
Conclusions: The implementation of CA-UTI bundle care successfully reduced CA-UTI in Taiwa-
nese high-risk units. A process surveillance checklist can be helpful for understanding which
parts of the bundle care require improvements.

Copyright © 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Catheter-associated urinary tract infection (CA-UTI) is a
common type of device-associated infection in the inten-
sive care unit (ICU)."™ In developing countries, such as
Argentina, Brazil, Colombia, Mexico, and Peru, CA-UTIs
reportedly comprise 29% of all device-associated in-
fections, with an incidence of 8.9 cases (range, 1.7—12.8
cases) per 1000 catheter-days." In a national report from
Turkey, the rate of CA-UTI was 7.5 per 1000 urinary
catheter-days, with a crude rate of extra mortality of 10.5%
in the ICU.” In India, the pooled rate of CA-UTI from the
surveillance of 40 hospitals was 2.1 per 1000 urinary
catheter-days, and caused an extra mean length of stay of
10 days.7 In the US, the report of the National Healthcare
Safety Network disclosed that the pooled rate of CA-UTI in
the critical care unit ranged from 1.3 to 4.5 per 1000
catheter-days.> Taken together, these findings indicate the
CA-UTl has become a great threat to patient safety
worldwide, and emphasize the importance of active

infection control programs for surveillance of infection.
Most importantly, they suggest that we need to develop and
implement effective strategies for preventing CA-UTI.
Recently, several strategies, such as avoiding unnec-
essary urinary catheters, using aseptic procedures by
trained personnel, including during the procedure of cath-
eter insertion, and early removal of the catheter unless
otherwise indicated, have been suggested.”*® Although
most studies have demonstrated that the implementation of
such bundle cares can effectively decrease the development
of CA-UTI,® '® Saint et al. conversely reported that the rates
of CA-UTlin ICUs did not change after the implementation of
a national prevention program in the US."” These findings
may indicate different impacts of CA-UTI bundles on the rate
of CA-UTI in different settings, and further investigation is
warranted to clarify the effect of such CA-UTI bundles.
According to the 2012 surveillance data in Taiwan, the
rates of CA-UTI among ICUs of medical centers and regional
hospitals were 3.5 and 2.0 per 1000 catheter-days,
respectively. Thus, a government-led force combined with
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a professional organization promoting urinary catheter care
quality is imperative; the Centers for Disease Control,
Taiwan (Taiwan CDC) has implemented a national action
plan to reduce CA-UTI in Taiwan since 2013. In this pilot
study of a national project, a CA-UTI bundle care was
implemented in 13 high-risk units in medical centers and
regional and district hospitals, and the effect of the CA-UTI
bundle on the rate of CA-UTI was assessed.

Methods
Setting and participating units

This program represented a national collaboration of pro-
fessional societies, healthcare workers, Taiwan CDC, and
academic researchers. Initially, infection control experts in
Taiwan, including infection specialists, intensivists, infec-
tion control nurses, clinical nurses, and one epidemiologist,
were recruited in the design of this study. After obtaining
the approval of the Institutional Review Board of each
investigation site, this national study was carried out in
seven medical centers, three regional hospitals, and one
district hospital. A total of 13 high-risk units, including five
medical ICUs (MICUs), three surgical ICUs (SICUs), two
cardiac ICUs (CICUs), two respiratory care centers (RCCs),
and one respiratory care ward (RCW), were included in this
quality-improvement project. The high-risk units contained
196 beds. The bed numbers of each type of units and hos-
pitals are shown in Table 1. Among the 196 beds, the MICUs
accounted for 65.7% (n = 70), followed by the SICUs
(n = 53, 27.0%) and RCCs (n = 30, 15.3%). Seven high-risk
units, including four MICUs, two SICUs, and one RCW, had
experience of implementing their own CA-UTI bundle care
within their units prior to this study. This study was divided
into the pre-intervention phase (between January 1, 2013
and July 31, 2013) and post-intervention phase (between
August 1, 2013 and October 31, 2013).

Table 1 Baseline characteristics of the high-risk units
enrolled in this study.

Region of Type of hospital Type Number Previous

Taiwan of unit of beds experience of
bundle care
North Medical center RCC 10 No
North Medical center CICU 12 No
North Medical center MICU 8 Yes
North Medical center CICU 10 No
Middle Medical center MICU 24 Yes
Middle Medical center SICU 25 Yes
South Medical center MICU 13 Yes
South Medical center RCC 20 No
East Medical center MICU 10 No
North Regional hospital MICU 15 Yes
South Regional hospital SICU 17 Yes
South Regional hospital SICU 11 No
Middle  District hospital RCW 21 Yes

ICU, intensive care unit; CICU, cardiac ICU; MICU, medical ICU;
RCC, respiratory care center; RCW, respiratory care ward; SICU,
surgical ICU.

Study interventions

After several expert meetings, a national evidence-based
guideline of the CA-UTI bundle was developed. The bundle
included two parts. The first part was the insertion
bundle, which included seven components: hand hygiene,
cleaning of the perineum, aseptic insertion, correct
disinfection method, aseptic connection between the
Foley catheter and urinary bag, appropriate fixation of the
Foley catheter, and maintenance of a sterile closed
drainage system. The second part was the maintenance
bundle, which included daily review of the indications for
the urinary catheter to ensure timely removal of unnec-
essary catheters, hand hygiene, avoiding filling of the
urinary bag to >80%, appropriate fixation of the Foley
catheter, position of the urinary bag kept below the uri-
nary bladder, and maintenance of a sterile, closed, and
patent drainage system.

Urine culture results for patients with CA-UTI during the
post-intervention period were also analyzed. Identification
of organisms from urine cultures was based on conventional
identification methods. Susceptibilities of the isolates were
determined by using the disk diffusion method or one of
two commercial susceptibility testing systems: Phoenix
(Becton—Dickinson, Microbiology Systems, Sparks, MD, USA)
or Vitek 2 (bioMérieux, Marcy UEtoile, France). The sus-
ceptibility results were interpreted according to the
guidelines by the Clinical and Laboratory Standards
Institute.'®

Definitions

CA-UTI was defined according to the Centers for Disease
Control and Prevention guidelines.'®?° All participating
units provided the total numbers of CA-UTlIs, catheter-days,
and patient-days. The incidence of CA-UTI was defined as
the episodes of CA-UTI per 1000 catheter-days. In addition,
during the expert meetings, two checklists regarding the
insertion and maintenance bundle were created as a
reference for assessment of the compliance of each CA-UTI
intervention. Process surveillance through the use of
checklists was developed to assess the compliance of the
insertion and maintenance bundle practices, and compli-
ance was defined as the ratio of the number of each bundle
performed to the number of catheter insertions and main-
tenances. During the post-intervention phase, the compli-
ance to the CA-UTI insertion and maintenance bundles was
observed.

Statistical analysis

We compared the CA-UTI incidence of the pre- and post-
intervention phases, and calculated the percentage change
in the CA-UTI incidence between the post- and pre-
intervention phases by dividing the post-intervention CA-
UTI incidence by the CA-UTI incidence during the pre-
intervention phase x 100%. The results of this analysis were
presented as the incidence rate ratio (IRR) and 95% confi-
dence interval (Cl) with accompanying p-values. Analyses
were completed with Microsoft Excel 2013 and a p value of
<0.05 was considered statistically significant.
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Results

Incidences of CA-UTI in the pre- and post-
intervention phases

The incidence of CA-UTI decreased by 22.7%, from 3.86 per
1000 catheter-days to 2.98 per 1000 catheter-days (IRR,
0.73; 95% Cl, 0.65—0.82; p < 0.0001) (Table 2). Among the
patients with CA-UTI in the post-intervention phase, 24 had
used urinary catheters for more than one week, and the
average duration of catheter use was 6.1 days. Among 66
episodes of culture-proven CA-UTls, Candida spp. were the
most common pathogens (n = 17, 25.8%), followed by
Escherichia coli (n = 10, 15.2%) (Table 3). Additionally, 11
pathogens were multidrug-resistant organisms, including
seven extended-spectrum B-lactamase-producing organ-
isms (six E. coli and one Klebsiella oxytoca isolate), three
carbapenem (imipenem or meropenem)-resistant isolates
(two Acinetobacter calcoaceticus—baumannii complex and
one Pseudomonas aeruginosa isolate), and one vancomycin-
resistant Enterococcus faecium.

Incidences of CA-UTI according to the different
types of hospitals and high-risk units

Among the different type of hospitals, the incidence of CA-
UTI was the highest for medical centers and lowest in the
district hospital. In the medical centers, the incidence of
CA-UTI decreased from 3.81 per 1000 catheter-days in the
pre-intervention phase to 3.11 per 1000 catheter-days in
the post-intervention phase (IRR, 0.75; 95% Cl, 0.65—0.86;
p < 0.0001). In the regional hospitals, the incidence of CA-
UTI decreased from 3.86 per 1000 catheter-days in the pre-
intervention phase to 3.00 per 1000 catheter-days (IRR,
0.89; 95% Cl, 0.70—1.12; p = 0.352) in the post-
intervention phase. In the district hospital, the incidence
of CA-UTI decreased from 4.31 per 1000 catheter-days in
the pre-intervention phase to 1.98 per 1000 catheter-days
in the post-intervention phase (IRR, 0.31; 95% ClI,
0.20—0.49; p < 0.0001).

Among the different types of ICU, the changes in the
incidences of CA-UTI differed. For the MICU, the inci-
dence of CA-UTI increased from 2.56 per 1000 catheter-
days in the pre-intervention phase to 3.36 per 1000
catheter-days in the post-intervention phase (IRR, 1.37;
95% Cl, 1.11—1.70; p = 0.004). For CICUs, the incidence
of CA-UTI decreased from 4.43 per 1000 catheter-days in
the pre-intervention phase to 1.95 per 1000 catheter-days
in the post-intervention phase (IRR, 0.55; 95% ClI,
0.42—0.72; p < 0.0001). For RCCs, the incidence of CA-
UTI decreased from 9.78 per 1000 catheter-days in the
pre-intervention phase to 6.16 per 1000 catheter-days in
the post-intervention phase (IRR, 0.65; 95% ClI,
0.49—0.86; p = 0.003). For the RCW, the incidence of CA-
UTI decreased from 4.31 per 1000 catheter-days in the
pre-intervention phase to 1.98 per 1000 catheter-days
(IRR, 0.31; 95% Cl, 0.20—0.49; p < 0.0001). In SICUs, the
incidence of CA-UTIl decreased from 4.00 per 1000
catheter-days in the pre-intervention phase to 2.90 per
1000 catheter-days (IRR, 0.68; 95% Cl, 0.54—-0.87;
p = 0.002).

Changes in the rates of catheter-associated urinary tract infection (CA-UTI).

Table 2

p Value

Incidence 95%

incidence (%) rate ratio confidence

Change in

Incidence of CA-UTI

Catheter-days

Episodes of CA-UTI

(cases per 1000

interval

catheter-days)

Pre-intervention Post-intervention Pre-intervention Post-intervention Pre-intervention Post-intervention

phase

phase

phase

phase

phase

phase

Type of hospital

0.65—0.86 <0.0001
0.70—1.13 0.352

0.75
0.89

0.

—18.4
—22.3
—54.1

3.11
3.00
1.98

3.81
3.86
4.31

18,995
8999
2525

34,140
17,605

59
3477

27

130

Medical center

Regional hospital 68
District hospital

Type of unit

0.20—0.49 <0.0001

31

15

<0.0001

0.55 0.42—-0.72

—56.0
+31.1

1.95
3.36
6.16
1.98
2.90
2.98

4.43
2.56
9.78
4.31
4.00
3.86

4620

9253

41

CICu
MICU
RCC

1.11—1.70 0.004
0.49—-0.86 0.003

37
0.65
0.31
0.

1.

9510

19,476

2556
3477

32

50
25

—37.1
—54.1
—27.6
—22.7

1462
2525

0.20—0.49 <0.0001
0.54—-0.87 0.002

15
82

213
ICU, intensive care unit; CICU, cardiac ICU; MICU, medical ICU; RCC, respiratory care center; RCW, respiratory care ward; SICU, surgical ICU.

RCW

68

12,402
30,519

20,460
55,222

36
91

SICU
Overall

0.65—0.82 <0.0001

0.73
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Table 3 Microbiology results of the 66 culture-proven
catheter-associated urinary tract infections.

Pathogens Number (%) of
isolates (n = 66)
Candida spp. 18 (27.3)
C. albicans 9 (13.6)
C. glabrata 1(1.5)
Other Candida spp. 8 (12.1)
(not specified)

E. coli 16 (24.2)
Enterococcus spp. 11 (16.7)
E. faecalis 7 (10.6)
E. faecium 3 (4.5)
Other Enterococcus spp. 1(1.5)
Pseudomonas spp. 10 (15.2)
P. aeruginosa 9 (13.6)
P. putida 1(1.5)
Proteus mirabilis 3 (4.5)
Acinetobacter 2 (3.0)

calcoaceticus—baumannii

complex
Staphylococcus spp. 2 (3.0)

S. aureus 1(1.5)

S. epidermidis 1(1.5)
Stenotrophomonas maltophilia 1(1.5)
Klebsiella oxytoca 1 (1.5)
Citrobacter spp. 1(1.5)
Trichosporon spp. 1(1.5)
Multidrug-resistant organisms® 11 (16.7)

2 Including seven extended-spectrum B-lactamase-producing
organisms (six E. coli and one K. oxytoca isolate), three
carbapenem-resistant  isolates (two  A. calcoaceti-
cus—baumannii complex and one P. aeruginosa isolate), and
one vancomycin-resistant E. faecium.

Compliance of the CA-UTI bundle care

For the seven elements of the insertion bundle, the
compliance was the lowest for cleaning of the perineum,
followed by hand hygiene. The overall compliance rates of
the insertion bundle were 93.4%, 99.5%, and 96.3% in the
medical centers, regional hospitals, and district hospital,
respectively. According to the different types of ICUs, the
compliance of the insertion bundle was the highest for the
SICU (98.7%), followed by the MICU (98.1%), RCW (96.3%),
RCC (95.6%), and CICU (87.2%). For the six elements of the
maintenance bundle, the compliance was the lowest for
daily review of the need of a Foley catheter. The overall
compliance rates of the maintenance bundle were 95.7%,
99.9%, and 99.9% in the medical centers, regional hospitals,
and district hospital, respectively. According to the
different type of ICUs, the compliance rates of the main-
tenance bundle were the highest for the RCW (99.9%),
followed by the SICU (99.1%), RCC (99.8%), CICU (99.8%),
and MICU (89.7%) (Table 4).

Discussion

In this study, we found that implementation of a CA-UTI
bundle through a national program could effectively reduce

Table 4 Compliance rates of the catheter-associated
urinary tract infection bundle care.

Rates (%) of compliance
for bundle care

Insertion Maintenance
bundle bundle
Type of hospital
Medical center 93.4 95.4
Regional hospital 99.5 99.9
District hospital 96.3 99.9
Type of unit
CiCcu 87.2 99.8
MICU 98.1 89.7
RCC 95.6 99.8
RCW 96.3 99.9
SICU 98.7 99.1
Overall 94.9 97.2

ICU, intensive care unit; CICU, cardiac ICU; MICU, medical ICU;
RCC, respiratory care center; RCW, respiratory care ward; SICU,
surgical ICU.

the rates of CA-UTI in high-risk units in Taiwan. The inci-
dence of CA-UTI decreased by 22.7%, from 3.86 at baseline
to 2.98 per 1000 catheter-days after intervention. This
finding is contrary to a recent US study that the CA-UTI
rates in 373 ICUs remained unchanged (2.48 per 1000
catheter-days at baseline and 2.50 per 1000 catheter-day at
the end of the sustainability period; IRR, 1.01; 95% ClI,
0.87-1.17; p = 0.90)."” However, several other
reports'>~'* showed consistent findings with those of the
present study. In one ICU in Lebanon, the rate of CA-UTI
was 13.07 per 1000 catheter-days in the initial phase, and
was decreased by 83% after a multidimensional infection
control approach, to 2.21 per 1000 catheter-days (risk
ratio, 0.17; 95% Cl, 0.06—0.5; p = 0.0002)."% In 13 ICUs in
Turkey, the rate of CA-UTI was significantly decreased from
10.63 per 1000 catheter-days initially to 5.65 per 1000
catheter-days after intervention (relative risk, 0.53; 95% Cl,
0.4—0.7; p = 0.0001)." In four ICUs in the Philippines, the
rate of CA-UTI was decreased by 76% from 11.0 per 1000
catheter-days at baseline to 2.66 per 1000 catheter-days
during the intervention (rate ratio, 0.24; 95% ClI,
0.11—-0.53; p = 0.0001).™ Even in pediatric ICUs, imple-
menting a multidimensional infection control approach was
found to be associated with a significant reduction in the
CA-UTI rate in one previous study.?' Thus, overall, most
studies, > ">2" including our investigation, support the
effectiveness of a CA-UTI bundle on reducing CA-UTI in the
ICU setting.

In this study, we enrolled high-risk units from different
types of hospitals, including medical centers, regional
hospitals, and a district hospital. We found that the
overall incidence of CA-UTI decreased after the imple-
mentation of the CA-UTI bundle, with most types of hos-
pitals showing consistent trends. However, the decrease
did not reach statistical significance in two regional hos-
pitals. Based on the feedback from these two hospitals,
we found that, after the implementation of the inter-
vention, the Foley catheters of most CA-UTI cases were
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inserted in the ward or emergency department. However,
except the two investigation sites, the CA-UTI bundle was
not applied for the other units. Therefore, the cause of
CA-UTIs in these two units may be the result from
improper insertion or care of the urinary catheter in other
sites that had not implemented the bundle. This reminds
us that the care of a urinary catheter in the hospital can
be performed in many units. Thus, it is not enough to
simply implement CA-UTI bundle care in one single unit,
and we should pay more effort to ensuring implementation
in the whole hospital.

In contrast to most units, which showed decreasing
incidences of CA-UTI after the intervention, we found
that the incidence of CA-UTI was significantly increased in
the MICUs. One explanation may be the relatively low
compliance of the maintenance bundle in the MICUs. In
the MICUs, the compliance of the maintenance bundle
was only 89.7%, which was much lower than in the other
units (>97%). Among the six components of the mainte-
nance bundle, the compliance of the cleaning of the
perineum (88.4%) was the lowest in the MICUs. Although
we did not demonstrate the correlation between CA-UTI
cases and the cleaning of the perineum in this study, this
finding suggests that actions should be taken to improve
the perineum cleaning during this quality-improvement
project. This may help us decrease the incidence of CA-
UTI in MICUs. In addition, this study emphasizes the
importance of the checklist as a tool of performance
surveillance.

Finally, we analyzed the microbiology findings of CA-UTI
after the implementation of the bundle care. Although we
did not collect data on the microbiological distribution of
CA-UTls before the intervention, and could thus not
determine the differences between before and after
intervention, it is noteworthy that we found that Candida
species were the most common pathogens and that a sub-
stantial portion of bacterial pathogens appeared to be
multidrug-resistant. However, further large-scale studies
are warranted to confirm our findings.

This study had two main limitations. First, we did not
collect the detailed clinical characteristics of the pa-
tients in these high-risk units or information regarding
whether other infection control measures were imple-
mented in these units during the study period. Thus, we
could not exclude possible confounding factors that may
have affected the impact of the CA-UTI bundle care in
this study. Second, the number of study subjects was
limited and the period of evaluation was too short in this
study. In the future, we need to enroll more units and
include a longer follow-up duration to assess the effec-
tiveness of this program. However, as a pilot study
including different types of hospitals and units from
different regions of Taiwan, this investigation still pro-
vided useful information for establishing an infection
control policy in Taiwan.

In conclusion, the implementation of CA-UTI bundle care
could successfully reduce CA-UTI in most high-risk units in
Taiwan. The checklist for process surveillance can help us
understand which part of the bundle care we need to
improve. Finally, Candida spp. and multidrug-resistant
bacteria were the most common CA-UTI pathogens after
the implementation of the bundle care.
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