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Email: j.padigos@ug.edu.au for patients in the intensive care units (ICUs) to facilitate the administration of medi-

Background: Central venous lines (CVLs) and arterial lines (ALs) are commonly used

cations and haemodynamic monitoring. In an ICU in Queensland, Australia (AU),
saline (sodium chloride 0.9%) flush bags used for these lines were routinely changed
every 24 h following organizational policy that all intravenous fluid bags are to be
changed within a 24-h period.

Aim: This quality improvement (QIl) project aimed to evaluate current practice
guided by the Plan-Do-Study-Act (PDSA) model of QI and implementation science.
Benchmarking practices with other ICUs was conducted.

Study Design: A narrative literature review focused on evaluating the safe interval
for changing flush solutions every 24 h was performed using EBSCO Medline,
CINAHL, Cochrane Library, Embase and Google Scholar databases for citations up to
November 2022. Bloodstream infection rates attributed to CVLs and/or ALs were
monitored. Economic analysis was performed. End-user feedback was sought. A
change of practice was implemented for a 1-year study period (March 2023 - March
2024) to extend dwell times of flushing solutions for CVLs and ALs from every 24 h
to every 96 h.

Results: One-year post-implementation, no bloodstream infections were linked to
CVLs or ALs. A simplified economic analysis was performed based on costs of 0.9%
sodium chloride 500-mL fluid bags, which revealed that changing the fluid bags once
every 96 h resulted in a per patient saving of AU$3.21 for any individual AL or CVL
and up to AU$6.42 per patient where both an AL and CVL are in situ, based on fluid

bag cost at AU$1.07 per bag. This saving excludes potential savings from reduced

nursing time, infection-related costs and recycling costs.
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nursing workload.
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1 | INTRODUCTION

1.1 | Problem description

Central venous lines (CVLs) and arterial lines (ALs) are essential sets
commonly used in intensive care units (ICUs) for administering medi-
cations and haemodynamic monitoring.2? With these lines, a catheter
is inserted into a central vein for CVLs and into a peripheral artery for
ALs.>? These lines are connected to a transducer system and a pres-
sure bag with a flushing solution to facilitate continuous and intermit-
tent flushing of the system, zeroing or recalibrating the pressure.l?
Since its use, the practice has evolved from using heparinized 0.9%
sodium chloride flushing solutions to 0.9% sodium chloride solution
alone.® The practice in the local ICU where this QI activity was con-
ducted was to change the 0.9% sodium chloride flush bags of the
CVLs and ALs every 24 h, while the transducing administration sets
are changed every 7 days.

This practice of changing the 0.9% sodium chloride flushing solu-
tions every 24 h was in line with an organization-wide policy of
changing intravenous fluid bags within a 24-h period from the time
the fluid bag was spiked, as a precautionary measure to mitigate the
risk of developing bloodstream or other nosocomial infections from
fluid bag contamination.* Despite the acceptance of this practice
across the organization, it was not clear that the currently recom-
mended interval of changing the 0.9% sodium chloride flush bags for
CVLs and ALs every 24 h was substantiated with evidence.

This project was conducted in a 12-bed tertiary regional ICU in
Queensland, Australia (AU), with a mean of 1159 patients admitted
per year (standard deviation = 95) from the year 2020 to 2024. Dur-
ing the one-year intervention period (March 2023 - March 2024),
1343 patients were admitted in the ICU.

1.2 | Available knowledge

Bloodstream infections (BSls), frequently attributed to the use of
indwelling catheters like CVLs and ALs, pose a significant challenge
resulting in increased patient morbidity and mortality, extended anti-

microbial treatment and hospitalization.>® Managing CVLs and ALs
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Conclusion: A sustainable practice change based on evidence was implemented in
the local ICU. The use of the PDSA model of the QI process and the principles of
implementation science strengthened the buy-in and implementation of the project.

Relevance to Clinical Practice: This practice change was examined through lenses of
evidence-based practice, environmental sustainability (minimizing environmental

footprint by limiting plastic bag usage), patient safety, cost minimization, and reduced

arterial line, central venous line, evidence-based practice, fluid stewardship, flush bag change

What is known about the topic

e The intervals of changing flushing solutions in pressure
bags for central venous and arterial line systems vary
across institutions.

o Despite recent strong evidence for extending dwell times
of transducing administration sets of these lines to
7 days, data on extended dwell times for flushing solu-

tions are limited and inconclusive.

What this paper adds

e Evidence synthesis performed in this project suggested a
recommended interval of changing flush solutions of
these line systems every 96 h based on primary evidence
and practice recommendations.

e Project outcomes indicate that adhering to the available
evidence may not only be safe (reduces contamination
risk) but also cost-effective and time-saving.

e Primary studies using rigorous methodologies such as
randomized controlled trials are needed to particularly
explore the efficacy and safety of longer dwell times for
flushing solutions of these lines.

e Embedding implementation science principles in quality
improvement cycles enhanced the processes of buy-in

and adaptation of this project.

varies globally, including dwell times of flushing solutions and adminis-
tration sets for these lines.”® Best practice recommendations also
exist, particularly from the Centers for Disease Control and Preven-
tion (CDC) and from the Infusion Nurses Society for infection preven-
tion related to catheter care’~1; however, most studies that informed
the guidelines have a primary focus on administration sets and their

1213 rather than specifically on the interval of

intervals of changing,
the flushing solutions of the pressure-transducing administration sets.
This identified gap in the literature raises questions on the necessity
and efficacy of the currently routine practice and calls for the need

for an evidence-based approach.
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1.21 | Literature review
A narrative literature review focused on evaluating the safety of
changing flush solutions every 24 h was conducted, from the earliest
available records in the selected databases until November 2022. A
search strategy was established using the following keywords: Central
N4 (line OR catheter* OR cannula), (Frequency OR timing) AND
(replace* OR chang*), Saline OR solution OR “flush solution” OR tube*
OR tubing OR “administration set*”, Pressure OR “haemodynamic
monitoring” OR “hemodynamic monitoring”, Infect* OR contaminat*.
EBSCO Medline, CINAHL, Cochrane Library, Embase and Google
Scholar databases were used. Citation tracking was also performed.
Included studies must: (i) be peer-reviewed, with focus on practices
related to changing intervals of flush bags in CVLs and/or ALs,
(ii) have retrievable full-text equivalent and (iii) be written in English
language. There was no imposed restriction between adult and paedi-
atric settings. Excluded were studies focused solely on changing inter-
vals of transducing administration sets without pertaining to the
interval of changing flush bags for CVLs and ALs, as well as letters to
editors because of the lack of thorough peer review. Textual analysis
was used for contextual analysis of the evidence selected. The narra-
tive literature review identified peer-reviewed documents pertaining
to the interval of changing flushing solutions on CVLs and ALs.

Using databases identified, only studies that highlighted the
change of flush solutions were included for review and textual analy-
sis (N = 6), which were published from 1988 to November 2022

14-16 and

(Table 1). Of the six documents, three were primary studies
three were review/practice recommendations.’®*%Y” The primary
studies were conducted from the years 1988-1998, and the review/
practice recommendations, which were informed by the primary stud-
ies, were published between the years 2011-2021. There were very
limited studies, with no recent primary study. In a pilot study con-
ducted by Covey et al. (1988),2 there was no difference in the inci-
dence of catheter-related infection whether the intervals for changing
flushing solutions and pressure monitoring tubings were 24 and 48 h.
McLane et al. (1998)!¢ evaluated the risk of contamination in flushing
solutions for arterial and pulmonary artery catheters by comparing the
changing of flushing solutions between 48-h and 72-h intervals and
found no contamination in either group. In a study by O'Malley
et al.'® bacterial growth was isolated on four samples of two patients
within 48 h following a violation of the line system attributed to flush
bag changes. In the same study, no positive cultures were found
among 451 intervals where the line systems remained unviolated
(except for sampling) for 296 h.1> The Centers for Disease Control
and Prevention (CDC) (2011) and the Infusion Nurses Society (Gorski
et al., 2021) strongly recommended changing flush solutions every
96 h.*%1 Gorski et al. (2021)** based this recommendation on a sys-
tematic review performed by Daud et al. (2013).)” Daud et al.
(2013)*” based their recommendations on CDC (2011)*° as the study
included in their review by Covey et al. (1988)* only tested up to
48 h. The studies informing the CDC guideline focused on the fre-
quency/interval of changing administration/transducer sets'?81?

rather than specifically on flushing solutions, but CDC strongly
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recommended changing flush solutions every 96 h along with other
components at the time of transducer change (Grade of recommenda-
tion IB) and minimizing manipulation of the system (Grade of recom-
mendation 11) to reduce inadvertent contamination risk.'° The Infusion
Nurses Society (Gorski et al., 2021) also recommended the 96-h inter-
val, including changing flushing solutions, immediately when contami-
nation is suspected or when there is a compromise on the system/

product.?

1.2.2 | The value of evidence-based practice
Evidence-based practice (EBP) is the cornerstone in health care, which
calls for the integration of best available research and clinical practice
with the end goal of optimizing patient experience and health out-
comes.?®?! |n health care organizations, EBP improves patient safety,
quality of care and resource efficiency.?%?* Examining the practice of
changing 0.9% sodium chloride flush bags for CVLs and ALs every 24 h,
although traditionally accepted, exemplifies a policy that can be re-
examined using the lens of EBP. The 24-h practice of changing flush
bags for CVLs and ALs was based on a precautionary principle rather
than direct evidence. With EBP, clinical decisions are not solely based
on traditions but are informed by reliable evidence with the aim to
eliminate outdated practices that are not effective or necessary, which
can reduce costs and minimize potential harm.2>2* For example, the
recommended practice guidelines from the Centers for Disease Control
and Prevention and the 2024 recommendations from the Infusion
Nurses Society are grounded in research and expert consensus.”*©

The use of EBP in ICU also highlights the need for collaboration
between ICU and hospital stakeholders to ensure interdisciplinary
consultation is performed, with the commitment to improve prac-
tice.?? Performing interdisciplinary consultation ensures that change
of practice interventions undergo rigorous evaluation and are updated
regularly to accommodate new findings and recommendations to

practice.

1.3 | Rationale

Recent advancements in infection prevention and control, the need to
appropriate health care costs on interventions rooted in evidence and
the evolving guidelines from organizations have led to a re-evaluation
of routine procedures.??? Aligning local practices to available evi-
dence aims to enhance patient safety, optimize resource allocations in
the ICU, contribute to a broader discourse in EBPs and uphold stan-
dards of care. In the context of this project, the need to reassess rou-
tine procedures is not only driven by infection prevention and control
perspectives, but also by the management of costs and human
resources, especially in the ICU where resource utilization is higher
compared with other clinical areas. This is particularly relevant in the
ICU where optimizing the use of supplies such as 0.9% sodium chlo-
ride solutions and nursing time can considerably impact both financial

prioritization of care and work satisfaction outcomes.
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TABLE 1

Author
(year)

Covey
etal.
(1988)**

O'Malley
et al.
(1994)%°

McLane
et al.
(1998)*¢

Centers for
Disease
Control
and
Prevention
(2011)%°

Daud et al.
(2013)"

Gorski
et al.
(2021)1*
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Study population, methods of analysis, key findings and recommended practice.

Population

N =30
critically ill
patients who
required
invasive
pressure
monitoring

N =333
monitoring
kits/ lines
cultured

N=76
critically ill
adult patients

N/A

N/A; reviewed
the study by
Covey et al.
(1988)*

N/A; reviewed
the study by
Daud et al.
(2013)”

Recommendations for change of

Study type Key findings flush solutions

Descriptive, .

primary

Descriptive, .
primary

Descriptive, .
primary

Practice .
recommendations

Systematic .
review
Practice .

recommendations

Group I: change of flush solution and pressure .

monitoring tubing every 24 h

Group II: change of flush solution every 24 h and
change of pressure monitoring tubing every 48 h
Group lll: change of flush solution and pressure
monitoring tubing every 48 h.

All flush solution cultures were negative for growth.
Incidence of catheter-related bacteraemia was zero.
The results of this pilot study suggest that there is no
difference in the incidence of catheter-related infection
whether the change interval for flush solution and
pressure monitoring tubings is 24 or 48 h.

Fluid samples were obtained from the proximal
stopcock of the monitoring kits every 24 h, beginning
with a sample at 72 h and continuing until either the
plasticware or catheter was changed or discontinued.
Of 451 intervals in which the system remained
unviolated for 296 h except for sampling, no positive
cultures were found.

Of the 333 monitoring kits/ lines in the study, four
cultures became positive within 48 h of a violation of
the system (flush bag change).

Positive cultures were obtained from two different
patients, one patient having positive fluid cultures from
arterial, central venous and pulmonary arterial kits. This
bacterial growth would not have been eliminated with
routine system changes as it occurred within a 48-hr
timeframe.

Specimens were obtained for culture before each flush
solution change per group assignment (48 or 72 h). All
flush solutions for arterial line catheters and pulmonary
artery catheters were negative for contamination for
the 48-and 72-h group, respectively.

Studies informing the guideline focused on frequency/
interval of changing administration/transducer
sets'2181? and source of basis of recommendation
specific to intervals of changing flush solutions cannot
be located.

Made recommendation to change pressure monitoring
systems (including flush solutions) every 96 h.

See Covey et al. (1988)** and used CDC*°
recommendations in the discussion.

Used the systematic review performed by Daud et al.
(2013).7

Change every 48 h.

Change every 96 h.

Invasive hemodynamic
pressure monitoring systems
including tubing and
plasticware need not be
changed routinely as these
changes may cause a higher
incidence of contamination
because of increased
violations of the systems.

Change every 72 h.

Change every 96 h.
Category IB - “Strongly
recommended” for
implementation and
supported by some
experimental, clinical, or
epidemiologic studies and a
strong theoretical rationale; or
an accepted practice (e.g.,
aseptic technique) supported
by limited evidence.

This study reviewed the study
of Covey et al. (1988)** which
only tested up to 48 h. The
other studies reviewed did not
specify on flush solutions;
however, the authors advised
to follow CDC (2011)™°
recommendations.

Change every 96 h, including
other components,
immediately when
contamination is suspected, or
when there is a compromise
on the system/product.?
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14 | Specific aims

The specific aim of this quality improvement (Ql) project was to imple-
ment a change of practice based on the available evidence by critically
reviewing the available evidence on the safety and efficacy of chang-
ing flushing solutions of CVLs and ALs at different intervals.

2 | METHODS

21 | Context
The presentation of this QI report was in line with the Standards for

Quality Improvement Reporting Excellence 2.0 guidelines.®

2.1.1 | The PDSA cycle

The Plan-Do-Study-Act (PDSA) cycle of Ql process and the principles
of implementation science were utilized in the implementation of this
project.?*25 PDSA is a QI model used for developing, testing and
implementing changes that can lead to improvement.?* The PDSA
cycle is also known as a Deming wheel, named after William Edwards
Deming, a statistician and a consultant in the field of quality manage-
ment.?* Over the years, the PDSA cycle has been used in Ql initiatives

PLAN

FIGURE 1 Deming wheel (Plan-Do-
Study-Act cycle) of quality improvement
embedded with implementation science
principles.
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in health care.?® Principles of implementation science®® such as evi-
dence assessment, stakeholder engagement, economic evaluation and
end-user feedback were embedded in the PDSA cycle (Figure 1).

Following the PDSA methodology, the plan phase (November
2022 - March 2023) involved narrative literature review and stake-
holder consultation. The implementation of the change then followed
with the do phase (March 2023 - March 2024) through bedside edu-
cation, meetings and email communication. During the study phase
(March 2023 - March 2024), monthly incidence rates of BSls associ-
ated with the use of CVL and ALs were monitored. The act phase
(March 2024 - present) focuses on identifying areas for improvement
and initiating a unit-based protocol to reflect the change.

2.1.2 | Stakeholder consultation

Findings were presented to ICU nursing and medical leaders for
review. Benchmarking of practice was performed with other hospitals
through email groups of clinical nurse consultants in Queensland,
Australia, and other overseas hospitals in Asia and North America.
Follow-up consultations were undertaken with QI project officers,
vascular access clinical nurse consultant, pharmacist, infection man-
agement team, a product representative and ICU staff nurses for feed-
back and insights. Observing these processes and procedures enables
a guided approach to achieving the aims of the project.

PER EN
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2.2 | Intervention

Following approval in line with the results of the narrative literature
review and the lack of evidence supporting the practice in our local
ICU of changing flushing solutions every 24 h, a practice change of
increasing the interval of changing saline flushing solutions to every
96 h was implemented on 15 March 2023.

2.3 | Study of the interventions

Following the PDSA cycle of the QI process, cases of BSIs associated
with CVL and/or AL were monitored monthly within 1 year of the
implementation period using the central monitoring system of
the health service for BSls. Verification of findings was conducted by
the infection management service in the health service, which also
monitors and investigates BSI cases for all patients. Cost implications
of the practice change were reviewed.

24 | Measures

A two-item, open-ended post-implementation online survey was
undertaken seeking end-user feedback, particularly perspectives sur-
rounding the practice change (focusing on its impact on the delivery
of care) and areas for improvement. A guideline document was initi-

ated for publication internally to reflect the change of practice.

2.5 | Analysis
An economic analysis?” limited to 0.9% sodium chloride flush bags
only was performed to assess potential savings. Post-implementation

online survey results were analysed using textual analysis.?®

2.6 | Ethical considerations

This project received approval for ethical exemption from Metro
North Ethics (EX/2024/
MNHB/103416) on 9 February 2024 because of the intent to publish.
Oversight of the project was managed by local QI project officers in

B Human Research Committees

the health service.

3 | RESULTS

3.1 | Results

Benchmarking of practices in ICUs in Queensland, Australia and over-
seas revealed variable practices, with intervals of changing CVL and
AL flushing solutions between 24 h and 7 days. After the literature
review, and consultation with and approval from stakeholders, a
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change of practice was implemented for a 1-year study period (March
2023 - March 2024). During this period, the ICU had 1343 patient
admissions. The number of individual CVL and AL days was not cap-
tured as a priority. A simplified economic analysis was performed
based on per patient saving on costs of 0.9% sodium chloride 500-mL
fluid bags. The analysis revealed that changing the fluid bags once
every 96 h resulted in a per patient saving of AU$3.21 for any individ-
ual AL or CVL, and up to AU$6.42 per patient where both an AL and
CVL are in situ, based on fluid bag cost at AU$1.07 per bag (Appendix
I: Table S1). This saving excludes potential savings from reduced nurs-
ing time, infection-related costs and recycling costs associated with
the use of plastic saline flush bags.

Within the one-year intervention period, there were no recorded
cases of BSls associated with CVL and/or AL use (with two cases
within 1 year prior to the intervention). Because of the nature of BSls
being multifactorial, and the relatively small sample size at a single
site, any observed differences in BSI rates could not be attributed to
the intervention; thus, the identification of statistical significance was
precluded. Post-implementation survey indicated end-user satisfac-
tion, saved nursing time, cost savings, lower risk for infections and
suggestions for continuity and improvement. Compliance measures
were also recommended, such as regular audits, adding dates and
times when changing bags and utilizing 1-L 0.9% sodium chloride bag
solution in a one-litre pressure bag for patients who required frequent
blood sampling and flushes, for example, frequent monitoring of arte-
rial blood gases.

4 | DISCUSSION

41 | Summary
The central focus of this QI project was on the interval of changing
the 0.9% sodium chloride flushing solutions for CVLs and ALs, not the
transducing administration sets of these lines, as the current practice
in the local ICU was already in line with the latest evidence suggesting
safety and efficacy for extended dwell times for transducing adminis-
tration sets.?’ The primary recommendation of this QI project is to
continue the EBP of changing the 0.9% sodium chloride flush bags for
CVLs and ALs every 96 h beyond the study phase of the PDSA cycle.
This recommendation is supported by the reviewed evidence and zero
cases of BSls associated with the use of CVLs and ALs during the
intervention period. The recommendation from this Ql supports
the conservation strategies and the call for fluid stewardship, particu-
larly in light of the recent concerns about the shortage of intravenous
fluids in Australia.®® Unless new robust evidence arises, continuing
the new practice will ensure that, in the long term, it is cost-effective
by reducing the use of resources, saving nursing time and minimizing
contamination risk from unnecessary daily flush bag changes, which
may break the sterility of CVL and AL systems.

In 2024, the Infusion Nurses Society’ published new recom-
mended standards of practice in changing sets and solutions, and
highlighted the recent randomized controlled trial (RCT) by Rickard


https://metronorth.health.qld.gov.au/research/ethics/exempt
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et al. (2021).22 While the study by Rickard et al. (2021)*° demon-
strated high-level evidence for the safety of longer dwell times of
transducing administration sets up to 7 days, it did not directly focus
on the safe intervals for changing flushing solutions of CVLs and ALs,
which is the central focus of this QI project. Our ICU setting had
already implemented the longer dwell times for transducing adminis-
tration sets up to 7 days prior to the conduct of this Ql, consistent
with the findings by Rickard et al. (2021)?° and practices in some hos-
pitals in Australia, as reported in a recent point prevalence survey.” It
is, however, strongly suggested to regularly review evidence and align
clinical practice with current best practice recommendations emanat-

ing from research.

4.2 | Interpretation

The application of implementation science principles on this small pro-
ject within the PDSA cycle has strengthened the implementation of
this project. The conduct of evidence assessment was integral in the
uptake of the idea to the stakeholders and end-users. This included
consultations with nursing and medical ICU leaders, vascular access
team, pharmacist, infection control practitioners and QI project offi-
cers to ensure that the project is feasible and well-supported by
stakeholders involved. Employing these principles within the PDSA
cycle ensures that changes can be dynamic and adaptable, especially
when new evidence warrants another change, and effectively inte-
grates new evidence in practice.?* Another strength of this project is
the conduct of economic evaluation, which is another implementation

science principle.?’

4.3 | Limitations

The performance of economic analysis was limited only to per patient
savings associated with the use of 0.9% sodium chloride flushing solu-
tions for the transducing administration sets of CVLs and ALs, with
potential costs for saved nursing time, potential savings from BSls and
recycling costs not appropriated. Another limitation is the dearth of
studies surrounding this topic of interest, with no recent primary stud-
ies available. This limitation underscores the need for rigorous meth-
odologies employing robust research such as RCTs to examine
evidence. The conduct of this project at a single site and the lack of a

large cohort are also limitations.

44 | Recommendations for future research

With recent research and practices employing longer dwell times of
CVL and/or AL infusion sets up to 7 days,”? future research studies
should prioritize using RCTs to produce higher quality evidence and
to specifically include intervals of flush bags of these lines changes to
ensure reliability, consistency and generalizability of evidence. As

there are other potential cost savings not recognized in this project,

BACN Nursing in Critical Care ‘_WILEYM

such as time and experiences of registered nurses, and costs associ-
ated with line infections and recycling of plastic bags, future research

in these areas is recommended.

5 | CONCLUSION

A practice change of increasing the interval of changing 0.9% sodium
chloride flushing solutions for CVLs and ALs lines from every 24 h to
every 96 h was implemented on 15 March 2023 in our ICU based on
the review of evidence that supports this practice. One year post-
implementation, the evaluation suggests that extending the interval of
changing 0.9% sodium chloride flushing solutions in these invasive
lines may not only be safe, but also beneficial from resource utiliza-
tion, patient safety, care prioritization and cost-effectiveness perspec-
tives. Primary studies using rigorous methodologies like RCTs are
strongly recommended to gather more evidence on the safety and
efficacy of longer dwell times, particularly including intervals of flush
bag changes.

ACKNOWLEDGEMENTS

The authors extend their gratitude to Janine Garrett (Clinical Info Sys-
tems and Informatics) for the assistance in data extraction via MetaVi-
sion, Louisa McNeill (Infection Management Service) for data
verification of BSI incidence after the study period and Anabelle Wil-
ton (Safety, Quality and Improvement Unit) for the guidance and over-
sight of this QI project. Open access publishing facilitated by The
University of Queensland, as part of the Wiley - The University of
Queensland agreement via the Council of Australian University

Librarians.

FUNDING INFORMATION

This project was not funded. Open access publishing was facilitated
by The University of Queensland as part of the Wiley-The University
of Queensland agreement through the Council of Australian Univer-

sity Librarians.

DATA AVAILABILITY STATEMENT
The data that support the findings of this project are available from

the corresponding author upon reasonable request.

PERMISSION TO REPRODUCE MATERIAL FROM OTHER
SOURCES

Materials included in this submission are original works with no copy-
righted content from other sources reproduced. Contents requiring

citations are referenced.

ORCID
Junel Padigos "= https://orcid.org/0000-0002-0937-838X
https://orcid.org/0000-0002-7567-1525
https://orcid.org/0009-0002-3956-1940
https://orcid.org/0009-0001-7933-7620

https://orcid.org/0000-0002-9494-3709

Lauren Murray
Olivia Bredhauer
Jenny Jaspers

Sue Bethune


https://orcid.org/0000-0002-0937-838X
https://orcid.org/0000-0002-0937-838X
https://orcid.org/0000-0002-7567-1525
https://orcid.org/0000-0002-7567-1525
https://orcid.org/0009-0002-3956-1940
https://orcid.org/0009-0002-3956-1940
https://orcid.org/0009-0001-7933-7620
https://orcid.org/0009-0001-7933-7620
https://orcid.org/0000-0002-9494-3709
https://orcid.org/0000-0002-9494-3709

8ofe | \W/| LEY# BA©N Nursing in Critical Care ‘

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Varon J. Approach to the intensive care unit (ICU). In: Varon J,
ed. Handbook of Critical and Intensive Care Medicine. Springer Interna-
tional Publishing; 2021:1-15.

Duska F, Al-Haddad M, Cecconi M. Intensive Care Fundamentals Prac-
tically Oriented Essential Knowledge for Newcomers to ICUs. 1st ed.
Springer International Publishing: Imprint: Springer; 2023.

Ziyaeifard M, Ferasat-Kish R, Azarfarin R, et al. Comparison of the
effect of heparinized Normal saline solution versus saline solutions in
arterial and central venous catheters on complete blood count after
cardiac surgery. Anesthesiol Pain Med. 2022;12(4):1-6. doi:10.5812/
aapm-113345

Queensland Health. Intra-Vascular Device Management (Recommendations
for the Prevention of Infection in Intra-vascular Device [IVD]). Queensland
Health; 2019. https://www.health.gld.gov.au/clinical-practice/guidelines-
procedures/diseases-infection/infection-prevention

Buetti N, Marschall J, Drees M, et al. Strategies to prevent central
line-associated bloodstream infections in acute-care hospitals: 2022
update. Infect Control Hosp Epidemiol. 2022;43(5):553-569. doi:10.
1017/ice.2022.87

Padigos J, Reid S, Kirby E, Broom J. Knowledge, perceptions and
experiences of nurses in antimicrobial optimization or stewardship in
the intensive care unit. J Hosp Infect. 2021;109:10-28. doi:10.1016/j.
jhin.2020.12.003

Anstey MH, Maxwell N, Rickard CM, et al. How often are infusion
sets for central venous catheters changed in Australian and
New Zealand intensive care units? A point prevalence survey. Aust
Crit Care. 2024;37(3):495-498. doi:10.1016/j.aucc.2023.05.004
Glover E, Abrahamson A, Adams J, et al. Central line-associated
bloodstream infections at the multidisciplinary intensive care unit of
Universitas academic hospital, Bloemfontein, South Africa. Afr J
Thorac Crit Care. 2022;28(1):15-19. do0i:10.7196/AJTCCM.2022.
v28i1.175

Nickel B, Gorski L, Kleidon T, et al. Infusion therapy standards of prac-
tice, 9th edition. J Infus Nurs. 2024;47(1S).:51-5285. doi:10.1097/
NAN.0000000000000532

Centers for Disease Control and Prevention. Guidelines for the pre-
vention of intravascular catheter-related infections (2011). 2011.
Gorski LA, Hadaway L, Hagle ME, et al. Infusion therapy standards of
practice, 8th edition. J Infus Nurs. 2021;44(1S5):51-5224. doi:10.1097/
NAN.0000000000000396

Luskin RL, Weinstein RA, Nathan C, Chamberlin WH, Kabins SA.
Extended use of disposable pressure transducers: a bacteriologic
evaluation. JAMA. 1986;255(7):916-920. doi:10.1001/jama.1986.
03370070070028

Mattiazzi P, Bohrer D, Viana C, Do Nascimento PC, Veiga M, De
Carvalho LM. Extraction/leaching of metal-containing additives from
polyvinyl chloride, ethyl vinyl acetate, and polypropylene bags and
infusion sets into infusion solutions. PDA J Pharm Sci Technol. 2019;
73(1):60-69. doi:10.5731/pdajpst.2018.009019

Covey M, McLane C, Smith N, Matasic J, Holm K. Infection related to
intravascular pressure monitoring: effects of flush and tubing
changes. Am J Infect Control. 1988;16(5):206-213. doi:10.1016/0196-
6553(88)90061-2

O'Malley MK, Rhame FS, Cerra FB, McComb RC. Value of routine
pressure monitoring system changes after 72 hours of continuous
use. Crit Care Med. 1994;22(9):1424-1430.

McLane C, Morris L, Holm K. A comparison of intravascular pressure
monitoring system contamination and patient bacteremia with use of
48- and 72-hour system change intervals. Heart Lung. 1998;27(3):
200-208. doi:10.1016/50147-9563(98)90008-5

Daud A, Rickard C, Cooke M, Reynolds H. Replacement of administra-
tion sets (including transducers) for peripheral arterial catheters: a

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

PADIGOS ET AL.

systematic review. J Clin Nurs. 2013;22(3-4):303-317. doi:10.1111/j.
1365-2702.2012.04346.x

Mermel LA, McCormick RD, Springman SR, Maki DG. The pathogene-
sis and epidemiology of catheter-related infection with pulmonary
artery swan-Ganz catheters: a prospective study utilizing molecular
subtyping. Am J Med. 1991;91(3):5197-5205. doi:10.1016/0002-
9343(91)90369-9

Josephson A, Gombert ME, Sierra MF, Karanfil LV, Tansino GF. The
relationship between intravenous fluid contamination and the fre-
quency of tubing replacement. Infect Control. 1985;6(9):367-370. doi:
10.1017/50195941700063335

Hoffmann T, Bennett S, Mar CD. Evidence-Based Practice across the
Health Professions. Fourth ed. Elsevier; 2024.

Connor L, Dean J, McNett M, et al. Evidence-based practice improves
patient outcomes and healthcare system return on investment: find-
ings from a scoping review. Worldviews Evid Based Nurs. 2023;20(1):
6-15. doi:10.1111/wvn.12621

Paul N, Ribet Buse E, Knauthe A-C, Nothacker M, Weiss B, Spies CD.
Effect of ICU care bundles on long-term patient-relevant outcomes: a
scoping review. BMJ Open. 2023;13(2):e070962.

Standards for Quality Improvement Reporting Excellence. Revised
standards for quality improvement reporting excellence SQUIRE 2.0.
2015. https://www.squire-statement.org/index.cfm?fuseaction=
Page.ViewPage&PagelD=471

The Deming Institute. The PDSA cycle. 2024. https://deming.org/
explore/pdsa/

Corréa BLMAL, Santana RF, Rocha GS, Bandeira TM, Do
Carmo TG, de Carvalho ACS. Quality improvement in the imple-
mentation science paradigm in professional programs: scoping
review. Rev Gaucha Enferm. 2023;44:1-12. doi:10.1590/1983-
1447.2023.20220159.en

Institute for Health Care Improvement. Plan-Do-Study-Act (PDSA)
Worksheet. 2024.

De La Perrelle L, Radisic G, Cations M, Kaambwa B, Barbery G,
Laver K. Costs and economic evaluations of quality improvement col-
laboratives in healthcare: a systematic review. BMC Health Serv Res.
2020;20:1-10. doi:10.1186/512913-020-4981-5

Popping R. Analyzing open-ended questions by means of text analysis
procedures. Bull Sociol Methodol/Bull Méthodol Sociol. 2015;128(1):
23-39. doi:10.1177/0759106315597389

Rickard CM, Marsh NM, Larsen EN, et al. Effect of infusion set
replacement intervals on catheter-related bloodstream infections
(RSVP): a randomised, controlled, equivalence (central venous access
device)-non-inferiority (peripheral arterial catheter) trial. Lancet.
2021;397(10283):1447-1458. doi:10.1016/50140-6736(21)00351-2
Therapeutic Goods Administration. Shortage of Intravenous (IV) Fluids.
Department of Health and Aged Care (Australian Government); 2024.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Padigos J, Murray L, Bredhauer O,
Jaspers J, Bethune S. Extending the interval for changing
flushing solutions for central venous and arterial line systems
in the intensive care unit: An evidence-based quality
improvement project. Nurs Crit Care. 2025;30(3):e70034.
doi:10.1111/nicc.70034


info:doi/10.5812/aapm-113345
info:doi/10.5812/aapm-113345
https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/diseases-infection/infection-prevention
https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/diseases-infection/infection-prevention
info:doi/10.1017/ice.2022.87
info:doi/10.1017/ice.2022.87
info:doi/10.1016/j.jhin.2020.12.003
info:doi/10.1016/j.jhin.2020.12.003
info:doi/10.1016/j.aucc.2023.05.004
info:doi/10.7196/AJTCCM.2022.v28i1.175
info:doi/10.7196/AJTCCM.2022.v28i1.175
info:doi/10.1097/NAN.0000000000000532
info:doi/10.1097/NAN.0000000000000532
info:doi/10.1097/NAN.0000000000000396
info:doi/10.1097/NAN.0000000000000396
info:doi/10.1001/jama.1986.03370070070028
info:doi/10.1001/jama.1986.03370070070028
info:doi/10.5731/pdajpst.2018.009019
info:doi/10.1016/0196-6553(88)90061-2
info:doi/10.1016/0196-6553(88)90061-2
info:doi/10.1016/S0147-9563(98)90008-5
info:doi/10.1111/j.1365-2702.2012.04346.x
info:doi/10.1111/j.1365-2702.2012.04346.x
info:doi/10.1016/0002-9343(91)90369-9
info:doi/10.1016/0002-9343(91)90369-9
info:doi/10.1017/S0195941700063335
info:doi/10.1111/wvn.12621
https://www.squire-statement.org/index.cfm?fuseaction=Page.ViewPage&PageID=471
https://www.squire-statement.org/index.cfm?fuseaction=Page.ViewPage&PageID=471
https://deming.org/explore/pdsa/
https://deming.org/explore/pdsa/
info:doi/10.1590/1983-1447.2023.20220159.en
info:doi/10.1590/1983-1447.2023.20220159.en
info:doi/10.1186/s12913-020-4981-5
info:doi/10.1177/0759106315597389
info:doi/10.1016/S0140-6736(21)00351-2
info:doi/10.1111/nicc.70034

	Extending the interval for changing flushing solutions for central venous and arterial line systems in the intensive care u...
	Abstract
	1  |  INTRODUCTION
	1.1  |  Problem description
	1.2  |  Available knowledge

	What is known about the topic
	What this paper adds
	Outline placeholder
	1.2.1  |  Literature review
	1.2.2  |  The value of evidence‐based practice

	1.3  |  Rationale
	1.4  |  Specific aims

	2  |  METHODS
	2.1  |  Context
	2.1.1  |  The PDSA cycle
	2.1.2  |  Stakeholder consultation

	2.2  |  Intervention
	2.3  |  Study of the interventions
	2.4  |  Measures
	2.5  |  Analysis
	2.6  |  Ethical considerations

	3  |  RESULTS
	3.1  |  Results

	4  |  DISCUSSION
	4.1  |  Summary
	4.2  |  Interpretation
	4.3  |  Limitations
	4.4  |  Recommendations for future research

	5  |  CONCLUSION
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT
	PERMISSION TO REPRODUCE MATERIAL FROM OTHER SOURCES
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


