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Abstract

Background: Urinary catheter (UC)–associated infections are one of the most common preventable healthcare-
associated infections (HAIs) and they frequently occur in older, frail populations.

Aim: The study aim was to describe the incidence of UC-associated infection in elderly patients undergoing hip fracture
surgery after implementing a preventive care bundle.

Methods: A longitudinal prospective study using a before-and-after design. The bundle was theory driven and involved the
co-creation of a standard operational procedure, education and practical training sessions. Prospectively collected registry
data were analysed. Univariable statistics and multivariable logistic regressions were used for analyses.

Results: 2,408 patients with an acute hip fracture were included into the study. There was an overall reduction in UC
catheter associated-associated urinary tract infections, from 18.5% (n = 75/406) over time to 4.2% (n = 27/647). When
adjusting for all identified confounders, patients in phase 4 were 74% less likely to contract an UC-associated infection (OR,
0.26; 95% CI, 0.15–0.45, p < 0.0001).

Discussion: Bundled interventions can reduce UC-associated infections substantially, even in elderly frail patients.
Partnership and co-creation as implementation strategies appear to be promising in the fight against HAI.
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Background

Urinary tract infections (UTIs) are one of the most common
and preventable healthcare-associated infections (HAIs), the
majority of which are related to urinary catheter (UC) use
(Haque et al., 2018; Meddings et al., 2019; Umscheid et al.,
2011). It is estimated that the risk of bacteriuria increases by
3–7% for each day the catheter is in situ (Lo et al., 2014).
Generally, the side effects of UTI are less serious than those
of other HAIs, but they may increase morbidity and mor-
tality and contribute to the increased use of antibiotics
(Haque et al., 2018; Suetens et al., 2018).

Patients undergoing acute hip fracture (AHF) surgery are
exposed to several risk factors for contracting a UTI as they
are elderly, mainly female, run an increased risk of urinary
retention, are commonly admitted with bacteriuria and in
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need of UC (Bliemel et al., 2017; Carpintero et al., 2014;
Johansson et al., 2002; Skelly et al., 1992). Indwelling
urinary catheter (IUC) may be useful in AHF patients in the
perioperative phase (Bliemel et al., 2017). However, using
intermittent catheterisation (IC) might facilitate an early
return to normal bladder function (Skelly et al., 1992).
Nevertheless, avoiding complications such as UC-
associated UTI is important as these frail patients have
increased short- and long-term mortality compared with an
age-matched population (Von Friesendorff et al., 2016).

Preventive strategies to reduce UC-associated infections
are well described (Lo et al., 2014; Meddings et al., 2019).
They consist of a bundle of measures, such as ensuring the
education and training of healthcare workers (HCWs), an
aseptic catheter insertion technique, avoiding unnecessary
catheter placement, using an alternative to an IUC, short
duration of the UC treatment, maintaining a closed UC
system and avoiding urine backflow. Moreover, the best
practice for peri-urethral cleansing has not yet been resolved
(Lo et al., 2014; Fasugba et al., 2017; Meddings et al., 2019).

Furthermore, practice differences regarding catheter-
isation techniques exist, as well as misperceptions regarding
the concept of sterile, aseptic and clean insertion techniques
and the practical implications of using these approaches
(Manojlovich et al., 2016; Kulbay and Tammelin, 2019;
Vahr et al., 2013). Previous studies have indicated that
healthcare workers have contradictory views on device-
related best practice, that is, adhering to hand hygiene
guidelines and aseptic techniques were not viewed by some
as vital measures to prevent infection (Erichsen Andersson
et al., 2018; Wikström et al., 2019). Moreover, other studies
have reported low adherence to hand hygiene guidelines and
aseptic techniques in relation to invasive procedures
(Megeus et al., 2015a, 2015b; Allegranzi et al., 2017),
contributing to the risk of device-related infections.

To summarise, the variability in UCmanagement, deficits
in knowledge and limited guideline implementation suggest
a need for practice improvement among HCW. Likewise, the
struggle to reduce avoidable HAIs, the rapid development of
multidrug-resistant micro-organisms and the need to avoid
adverse events in vulnerable groups suggest that finding an
effective infection-prevention implementation strategy to
minimise UC-associated infection is essential. The overall
aim of this study was to describe changes in the incidence of
UC-associated infections following the implementation of
an infection-prevention bundle, aimed at elderly patients
undergoing AHF surgery.

Method

Study design

This 4-phase, single-centre implementation study used a
longitudinal prospective before-and-after design, between
mid-2015 and mid-2019. The main outcome parameter over
time was the number of UC-associated infections among

patients after AHF surgery, while implementing an
infection-prevention bundle intervention.

Setting

This study was set at an orthopaedic centre at a university
hospital in Sweden, performing AHF surgery on approxi-
mately 900 patients annually.

At the study hospital, the infection-prevention measures
for AHF patients consisted of ≥1 preoperative antiseptic
double shower and prophylactic antibiotics given intrave-
nously, 2 g of cloxacillin, within 45–30 min prior to surgery.
Internal fixation with surgery ≥2 h necessitated a second
antibiotic dose. For arthroplasty, another two doses were
administered 2 and 6 h after the initial dose. A dose of
600 mg of clindamycin was administered to patients with
penicillin allergy, with a second dose 4 h after the first dose
for arthroplasty. The hospital strategy for reducing UC-
associated infections before the intervention was to use
the clean intermittent catheterisation insertion technique,
that is, using non-sterile gloves and forceps, with a pre-wash
with soap and water (or no wash at all for IC), if patients had
urinary retention or post-void residual urine of ≥400 mL. If
the patient’s medical status required an IUC, a physician’s
order was requested. The prompt removal of the catheter on
the day after surgery, after mobilisation to an upright po-
sition, was routine, if no indication for the continued use of
an IUC was present. A visual tool (a dwelling catheter sign
magnet on the patient board at the nurses’ desks) was used as
a reminder of the patients who had an IUC in situ to ensure
removal when indications were no longer present.

The intervention

In 2015, the Safe Hands study (Clinical Trials. gov ID:
NCT02983136) developed, tested and implemented a pro-
gramme for improving hand hygiene and aseptic techniques
in the operating room department (OD) (Erichsen
Andersson et al., 2018; Wikström et al., 2019). The pro-
gramme strategy was linked to theories on organisational
learning, culture, change and dialogue (Isaacs, 2002; Schein,
2010) and entailed leadership support and the facilitation of
interprofessional dialogue and co-creation (Bason, 2018). A
description of the programme development has been pub-
lished (Erichsen Andersson et al., 2018). The UC man-
agement was identified as one of the most urgent procedures
to further develop and modify, due to practice variability.
The core components in phase 1 of the intervention con-
sisted of the development of standard operating procedures
(SOP) for device-related, infection-prone procedures,
through an iterative and co-creative process involving
managers, registered nurses (RNs), physicians and nurse
assistants in the OD. From this initial intervention, a bundle
comprising an SOP for UC insertion, an educational pro-
gramme, training sessions and a skills test was developed in
phase 2. In phases 3 and 4, the bundle was implemented in
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the units involved in the care of AHF patients, that is, the
emergency room, OD the ortho-geriatric wards and the
intensive care and post-anaesthetic care unit. The partici-
pating HCWs were RNs and nurse assistants working at the
units (see Supplementary Box S1 for an overview of the
implementation process and the bundled components and
Supplementary Box S2 for the timeframe of the im-
plementation (supplementary material)).

Data collection

Patient-related data were extracted from the local quality
register of patients undergoing AHF surgery at the study site,
from June 2015 to April 2019. AHF patients, ≥65 years of
age, admitted to one of the ortho-geriatric wards and in-
cluded in the local quality registry were included. Patients
residing outside Sweden, previously included in the study
due to contralateral AHF surgery, length of stay in hospital
(HLOS) ≤2 days, resection arthroplasty (Girdlestone pro-
cedure), IUC in situ before admission, chronic UC, supra-
pubic catheter, urostomy, intermittent self-catheterisation,
on dialysis treatment and not catheterised during their
hospital stay were excluded (see Supplementary Figure S1
(supplementary material)).

Data extracted for study purposes were scrutinised
against the medical records by an experienced RN, spe-
cialising in infection control and anaesthetic care. Variables
derived from the registry were age (years), gender (female/
male), ASA classification score (I-IV) (ASA House of
Delegates/Executive Committee, 2014), diabetes (yes/no),
HLOS (days), UTI and UC-associated infections. Data on
catheterisation treatment were also extracted when the pa-
tient was either treated only with an indwelling catheter, or
via intermittent catheterisation or a combination of both. We
further noted the location of catheter insertion (emergency
room, ortho-geriatric ward, OD post-anaesthesia care unit/
intensive care unit or >1 location), number of reinsertions,
number of intermittent catheterisations and, finally, the
number of catheter days.

Definition of urinary catheter–associated infections

The patients were registered as having a UC-associated
infection if a physician had made the diagnosis and pre-
scribed antimicrobial treatment during the hospital stay. The
UTI had to occur >2 days after admission to the hospital,
admission day defined as day 1, related to catheterisation
treatment in line with the European Centre for Disease
Prevention and Control definition for point prevalence
survey (European Centre for Disease Prevention and
Control, 2016). The routine was to send a urine specimen
for analysis if the patient presented symptoms of a UTI.
Only two patients in this cohort received antimicrobial
treatment for UTI where no urine specimens were analysed,
with a clear symptom effect. Patients on antimicrobial

treatment for UTI on admission were not defined as having a
UC-associated infection, unless a new culture showed a new
microbe that required treatment. Similarly, patients with
asymptomatic bacteriuria were not considered to have a UC-
associated infection.

Statistical analysis

Categorical variables are presented as numbers (%) and
continuous variables as the mean (SD, min-max). The
overall percentage of UC-associated infections was com-
pared between phases and over the phases of the inter-
vention and it was then stratified into groups according to
catheterisation treatment; IUC, IC and IUC+IC. The
Mantel–Haenszel chi-square test was used for ordered
categorical variables, while the Jonckheere–Terpstra test
was used for continuous variables analysed over ordered
groups. For pairwise comparisons between groups, Fisher’s
exact test (2-sided) was used for dichotomous variables,
while Fisher’s non-parametric permutation test was used for
continuous variables.

For the identification of factors related to UC-associated
infections, univariable logistic regression analysis was
performed (presented as the odds ratio (OR) and 95%
confidence interval (CI)). Phase 1 was used as a reference for
tests against phases 2–4. All p-values were 2-sided and
conducted at the 5% significance level. The area under the
ROC curve (AUC) was calculated to describe goodness of fit
(Hosmer et al., 2013). Multivariable logistic regression was
used to analyse the effect of phase 4 versus phase 1 on UC-
associated infections, with adjustments for the confounders
of age, gender, ASA, HLOS, IUC days, IUC reinsertion and
number of IC. The adjusted odds ratio with 95% CI was
calculated and the area under the ROC curve was calculated
to describe model fit. SAS version 9.4 was used for all
statistical analyses.

A joinpoint regression analysis was constructed to find
breaking points in UC-infection trends during the time
periods and to estimate the quarterly change in UC-
associated infections with a 95% confidence interval.

Ethics

Ethical approval was obtained from the Regional Ethical
Review Board in Gothenburg, Sweden (reference number
166–15 and 327–17). The hospital’s Chief Executive
Officer and the departmental managers approved the
study. Patients received written information about the
quality registry, information on who to contact about their
registry data and if they wanted to withdraw their par-
ticipation, or if they did not want their data to be used for
research purposes. No formal written consent is required
when using registry data. The study was conducted in
accordance with the Helsinki Declaration (World Medical
Association, 2014).
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Results

A total of 2408 patients with AHF were included, following
the exclusion of 502 patients (see Supplementary Figure S1
(supplementary material)). The patients’ mean age was
84 years (range 65–102 years) and two-thirds were female.
There were no significant differences between the patient
demographics in the different phases (1–4) in terms of age,
gender, ASA score and diabetes (Table 1). For HLOS, there
was a significant difference between groups over the phases;
14.7 days in phase 1 vs 10.5 days in phase 4 (p < 0.0001).

We identified an overall significant decrease in the total
numbers of patients with UC-associated infections from
18.5% (n = 75/406) in phase 1 vs 4.2% in phase 4 (n = 27/647),
(p < 0.0001). In the IUC-treatment group, there was a reduction
inUC-associated infections between the phases; phase 1, 14.9%,
(n = 17/114), vs 3.1% (n = 15/490), in phase 4, (p < 0.0001).
Similar patterns were seen for the IUC+IC and IC groups. For
detailed results on UC-associated infections and related vari-
ables, see Table 2. A significant difference in UC treatment
between the phases was identified (p < 0.0001). More patients
received an IUC; phase 1, 28.1% (n = 114/406) vs phase 4,
75.7% (n = 490/647) and fewer patients also had both IUC+IC,
phase 1, 35% (n= 142/406) vs phase 4, 20.7% (n=134/647) and
IC, phase 1, 36.9% (n = 150/406) vs 3.6% (n = 23/647) (see
Supplementary Table S3 for information on the location of
catheter placement from phase 1 to 4, supplementary).

The odds of contracting a UC-associated infection were
reduced by 42%, over the phases (OR 0.58, 95% CI, 0.50–
0.66, p < 0.0001). The odds of contracting a UC-associated
infection were 2.1 (95% CI 1.60–2.75, p < 0.0001) times
higher in the IUC+IC group and the odds were 41% lower
(95% CI 0.31–0.54, p < 0.0001) for patients with IUC (see
Supplementary Table S4 for the univariate regression re-
sults, supplementary).

In the model building approach, the independent vari-
ables that were significantly associated with the dependent
variable, as well as previously known prognostic risk fac-
tors, were entered simultaneously into the model. The
significant variables that were entered were time of inter-
vention (phases 1–4), IUC days, reinsertion of the UC,
number of IC, HLOS and previously known prognostic risk
factors, that is, age, gender (female) and ASA classification
scores. The multivariable model indicated that the odds of
contracting a UC-associated infection in phase 1 were 4
times higher vs patients in phase 4 (adjusted OR 0.26; 95%
CI, 0.15–0.45, p < 0.0001) (Table 3).

From the joinpoint regression model, the quarterly per-
centage change (QPC) was estimated to be a 12% reduction
in infection prevalence with 95%CI (�15.5;�8.3), fromQ2
2015 to Q1 2019. The QPC differed significantly from zero
(alpha level <0.05) (Supplementary Figure S2).

Discussion

This paper describes the efficacy of implementing an
infection-prevention bundle, aimed at elderly patients un-
dergoing AHF surgery. We observed a significant trajectory
reduction in UC-associated infections during the im-
plementation period. Our results are in line with the
knowledge that UC-associated infections are largely pre-
ventable (Umscheid et al., 2011) and can also be found in
other multifaceted implementation studies (Stéphan et al.,
2006; Saint et al., 2016). The reduction occurred despite an
increase in the proportion of patients with IUC. Further,
more patients received an IUC in the ER than in the OD in
phase 4 vs phase 1. This is in contrast to a study which found
that an IUC inserted outside the OD was a risk factor for
infections (Barbadoro et al., 2015). Reinforced awareness of

Table 1. Patient demographics and clinical data for patients with an acute hip fracture (N=2408), phases 1 to 4.

Characteristic
Phase 1,
n = 406

Phase 2,
n = 655

Phase 3,
n = 700

Phase 4,
n = 647

p-value
for trend

Age (years) 83.8 (8.0), 84.8 (7.7), 83.9 (8.3), 83.8 (8.3), 0.30±

65–102 65–102 65–101 65–102

Female gender 294 (72.4) 446 (68.1) 493 (70.4) 469 (72.5) 0.53+

ASA classification score
I 15 (3.7) 14 (2.1) 11 (1.6) 28 (4.3)
II 165 (40.6) 264 (40.6) 257 (36.7) 268 (41.4)
III 196 (48.3) 333 (50.8) 390 (55.7) 322 (49.8)
IV 30 (7.4) 44 (6.7) 42 (6.0) 29 (4.5) 0.24+

Diabetes 57 (14.0) 105 (16.0) 102 (14.6) 103 (15.9) 0.63+

Hospital length of stay (days) 14.7 (7.2), 13.4 (7.7), 12.2 (6.4), 10.5 (5.2), <0.0001±*

3–52 3–68 3–55 3–46

Values are given as the mean and standard deviation (SD), min–max for continuous variables and n (%) for categorical variables. + Mantel–Haenszel chi-
square test and ± Jonckheere–Terpstra test for continuous variables. Values of p<0.05 were considered statistically significant. * p-value <0.05.
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appropriate indications for IUC in this group of patients
might explain this outcome.

We also found that IUC days, reinsertion of an IUC and
number of IC were associated with an increased risk of
UTI. This might be explained by the risk of introducing

micro-organisms into the bladder during catheter insertion.
Bacterial growth extraluminally of the catheter has been
identified on day 1, while intraluminal growth has been
identified on day 4 (Barford et al., 2008), similar to a pilot
study identifying an increasing number of colony-forming

Table 2. Urinary catheter–associated infection and related data stratified by catheterisation treatment among patients with an acute hip
fracture in the different phases of the intervention.

Method Variables Phase 1 Phase 2 Phase 3 Phase 4

p-value

Phase 1 vs.
phase 4

Indwelling urinary catheter n=114 n=229 n=396 n=490

IUC UC-associated
infection

17 (14.9) 19 (8.3) 23 (5.8) 15 (3.1) <0.0001±

IUC days 3.83 (3.66),
0.5–20

3.40 (3.74),
0.5–30

4.25 (4.65),
1–48

3.45 (2.44),
0.5–20

0.18+

IUC reinsertion 3 (2.6) 9 (3.9) 31 (7.8) 24 (4.9) 0.43±

Indwelling urinary catheter and
intermittent catheterisation

n = 142 n = 270 n = 228 n = 134

IUC+IC UC-associated
infection

37 (26.1) 39 (14.4) 25 (11.0) 11 (8.2) 0.0001±

IUC days 4.43 (4.16) 5.23 (4.86) 6.07 (5.78) 5.14 (4.15) 0.16+

0.5–21 1–26 1–31 1–21

Number of IC 3.80 (4.08), 3.09 (2.93), 2.17 (1.67),
1–10

1.81 (1.11), <0.0001+

1–25 1–16 1–7

IUC reinsertion 28 (19.7) 69 (25.6) 79 (34.6) 44 (32.8) 0.019±

Intermittent catheterisation n=150 n=156 n=76 n=23

IC UC-associated
infection

21 (14.0) 24 (15.4) 2 (2.6) * 1 (4.3) 0.34±

Number of IC 2.46 (1.72), 2.26 (1.70), 1.79 (1.26),
1–7

1.17 (0.49), <0.0001+

1–10 1–8 1–3

Categorical variables are presented as n(%), continuous as the mean, standard deviation (SD) and min-max. IUC days include reinsertion days. ± Fisher’s
exact test (2-sided) was used for comparisons between groups for dichotomous variables and ± Fisher’s non-parametric permutation test was used for
continuous variables. p-values of < 0.05 were considered statistically significant. * p-value 0.008, phase 1 vs. phase 3.

Table 3. Multivariable logistic regression analysis.

Variables OR* (95% CI)

p-value

OR (95% CI)

p-value Area under ROC curve

Numbers of UC-associated infections

Unadjusted Adjusted for confounders*Yes= 102, No=951

Time of intervention, 0.19 (0.12–0.30) <0.0001 0.26 (0.15–0.45) <0.0001 0.77

Phase 4 versus phase 1

CI, confidence interval; OR, odds ratio. * Confounders; age, gender, ASA, HLOS, IUC days, IUC reinsertion, number of IC.
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units extraluminally of the catheter, from the bladder and
out (Foxman et al., 2012). The hypothesis is that the
contamination of the outside of the catheter occurred
during insertion, from the peri-urethral area. Based on
clinical experience, it is easy to contaminate the catheter,
especially the catheter tip, before insertion.

Further, intermittent catheterisation is also a risk factor
for UTI and both too few IC (causing excessive urine
volume) and inadequate emptying (residual volume) in-
creases the risk of UTI, as stagnation of urine promotes
bacteria growth (Newman and Willson, 2011; Wyndaele,
2002).

For the IC-treatment group, the reduction was found
during phase 3. This may be explained by the fact that in
phases 1 and 2, the RNs and nurse assistants expressed
strong doubt about the necessity of using aseptic techniques
and peri-urethral cleansing with chlorhexidine gluconate
(CHX) during IC, due to the ‘quick in and out’ procedure. In
phases 3 and 4, we noted greater acceptance of the new
practice and the significant reduction in phase 3 shows the
potential efficacy of our care bundle in the IC group.

The reported incidence of UC-associated infections at
baseline is within the upper range of reported incidents of
antimicrobial treatment for symptomatic UTI in this patient
group (it varies from one 10th to one quarter of the patients)
(Bliemel et al., 2017; Hälleberg Nyman et al., 2011;
Hedström et al., 1999; Kamel, 2005). The variability in
reported incidence has several explanations, one of which is
the use of different definitions of UC-associated infections.

Further, diabetes did not predict infection in our pop-
ulation, similar to a previous study (Bliemel et al., 2017) and
contrary to another study (Hälleberg Nyman et al., 2011).

The intervention

The care bundle includes several preventive measures that
are included in the preventive recommendations, apart from
the peri-urethral cleansing (Lo et al., 2014). A recent meta-
analysis failed to identify any clear advantages when using
CHX for peri-urethral cleansing (Fasugba et al., 2017). On
the other hand, Fasugba et al. (2019) performed a step-wise
multicentre randomised controlled trial to assess the efficacy
of CHX solution 0.1% vs sodium chloride 0.9%, as cleansing
before catheterisation. They found a large reduction in both
UC-associated infection incidence and asymptomatic bacte-
riuria. As our intervention comprised a bundle of actions, it is
difficult to single out the effect of CHX use. However, we
agree with Fasugba and co-authors that CHX may be im-
portant in UC-prevention strategies (Mitchell et al., 2019), not
least its ability to eradicate multidrug-resistant micro-
organism biofilm formation (Günther et al., 2020), but the
question merits further investigation.

Our implementation strategies were based on organisa-
tional learning and culture theories, co-creation, partnership

and dialogue between leaders, RNs, physicians and experts
in infection prevention (Erichsen Andersson et al., 2018).
The concept of partnership implies that we meet as equals
and with mutual respect. Within the simulation training, the
intention was to create a safe place for mutual learning, free
of blame and shame, and to nudge technical skills under
guidance. This atmosphere encouraged questioning and
seeing mistakes and failures as a natural part of learning. As a
result, the implementation strategy appears to be promising
when it comes to creating a collective action and normalising
routines to improve hand hygiene and aseptic techniques in
preventable infection-prone invasive procedures (May, 2013).

Strengths and limitations

This study has limitations. As it is a single-centre study
based on registry data, it has inherent weaknesses. The
register does not collect information on all potential con-
founders that may affect outcome. Our results must therefore
be interpreted with caution. Furthermore, temporal trends
and organisational changes in the healthcare system are all
factors that may have influenced outcome.

To enhance study rigour, we used a robust data set and
took important steps to validate the registry data by me-
ticulously checking them against medical, nursing and
laboratory records. We have used statistical tests to control
for potential confounders to identify other variables af-
fecting the outcome. In our data, HLOS was reduced over
the phases, which could have been an effect of our inter-
vention, as an infection reduction may shorten HLOS
(Bliemel et al., 2017). However, HLOS as an outcome
variable is difficult to interpret, as it can be affected by other
factors such as adverse events and planning for further care.
Nevertheless, the lack of available infection data after
hospital discharge is problematic and limits our ability to
detect infections after discharge. Moreover, using a UTI
definition based on physician prescription of antimicrobial
agents means that we might have identified incorrectly di-
agnosed infections. However, the study hospital adhered to
the national collaboration against the overuse of antimi-
crobial agents, and as a result, asymptomatic bacteriuria was
not screened for or treated. Further, there was close col-
laboration with consultant specialists in infection prevention
to ensure that the antimicrobial agent had the smallest
spectrum for the identified micro-organisms.

We did not expect the low proportion of completed
certificates. We aimed for least >75% of nursing staff
completing the certificate after 5 months. However, during
the intervention, the participants were encouraged to use the
new practice in their daily work for all patients in need of UC
and they had their ward-specific facilitators. So, the level of
completed certificates might not reflect the actual level of
implementation. The fact that we did not measure adherence
to the SOP in clinical practice is nonetheless a weakness.
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Conclusion

Urinary catheter–associated infection was significantly re-
duced by the systematic implementation of a bundled in-
tervention in elderly patients undergoing acute hip fracture
surgery. Ensuring an adequate level of knowledge, com-
petence and practical skills among the nursing staff is es-
sential to reduce UC-associated infections.
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