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Background: Peripheral intravenous catheters are the most widely used invasive device in hospitals but have se-
rious risks.
Objective: To determine if a structured assessment and decision tool (I-DECIDED®) improves daily peripheral in-
travenous catheter assessment and care decisions.
Design: Prospective, interrupted time-series study.
Settings: Seven adult inpatient wards in three Australian hospitals.
Participants: 825 adults with 867 peripheral intravenous catheters.
Methods: Between August 2017 and December 2018, peripheral intravenous catheter assessments and chart au-
dits were undertaken with informed patient consent. Following a 4-month pre-intervention period (with 2-
weekly measures), the I-DECIDED® tool was implemented over 3 months (no data collection) using multiple
strategies (stakeholder meetings, vascular access device form, education sessions, ward champions, lanyard
cards, and posters), followed by a 4-month post-intervention period (with 2-weekly measures). Primary out-
comes were device utilization (number of peripheral intravenous catheters per total number of patients
screened); idle/unused catheters; insertion site complications, substandard dressing quality; and primary blood-
stream infections.
Results: Of 2055 patients screened, 1175 (57.2%) had a peripheral intravenous catheter, and 825 patients (867
catheters) consented andwere included in the final analysis. Device utilization increased from 42.0% of catheters
at baseline to 49.6% post-intervention (absolute risk difference [ARD] 7.5%, 95% confidence interval [CI] 4.8, 10.3;
relative risk [RR] 1.18, 95% CI 1.11, 1.25; p < 0.001). The proportion of idle catheters reduced from 12.7% to 8.3%
(ARD−4.4%, 95% CI−8.5,−0.3; RR 0.66, 95% CI 0.44, 0.97; p=0.035). Peripheral intravenous catheter compli-
cations reduced from16.1% to 10.9% (ARD−5.2%, 95% CI−9.7,−0.6; RR 0.68, 95% CI 0.48, 0.96; p=0.026). Sub-
standard dressings reduced from 24.6% to 19.5% (ARD−5.2%, 95% CI−10.7, 0.4; RR 0.79, 95% CI 0.61, 1.02; p=
0.067). Only one primary bloodstream infection occurred (post-intervention).
Conclusions: Implementation of a comprehensive device assessment and decision tool (I-DECIDED®) reduced
idle catheters and catheter complications, despite higher device utilization. Dressing quality improved but was
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not statistically significant. Further implementation of the tool could improve hospital safety for patients with an
intravenous catheter.
ANZCTR trial registration: ACTRN12617000067370.
Date of registration 13 January 2017. Date of first data collection 3rd August 2017.
Tweetable abstract: #IDECIDEDassessment reduces prevalence of idle peripheral catheters and device
complications.

© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).
What is already known

• Idle peripheral intravenous catheter rates have been reported as high
as 50% in some studies and represent an avoidable source of patient
harm.

• Over one-third of patients with a peripheral intravenous catheter ex-
perience site complications and device failure prior to treatment com-
pletion.

• Peripheral intravenous catheter documentation is reportedly missing
in 20–25% of patient charts.

What this paper adds

• The I-DECIDED® tool distils the evidence-based guidelines for periph-
eral intravenous catheters into a simple mnemonic to guide point-of-
care assessment and decision making.

• Implementation of the I-DECIDED® tool in three Australian hospitals
resulted in a 4.4% reduction in idle peripheral intravenous catheters
and a 5.2% decrease in catheter site complications.

• Nursing documentation of peripheral intravenous catheters improved
by 44.5% from baseline, but compliance varied considerably between
hospitals.

1. Background

Peripheral intravenous catheters are the most widely used invasive
device worldwide, with an estimated one billion used each year
(Alexandrou et al., 2018). Due in part to their ubiquity within hospital
settings, peripheral intravenous catheters are often treated with benign
neglect (Bourgault et al., 2021). Healthcare-associated infections ac-
quired during hospitalization, including those attributable to peripheral
intravenous catheters, are high-priority complications, given that the
risk of occurrence may be reduced with the use of clinical mitigation
strategies (Australian Commission on Safety and Quality in Health
Care, 2021). Yet, errors of omission (ormissed care), which have the po-
tential to result in such complications, are common in hospitals and thus
are a recognized threat to quality of care and patient safety (Jones et al.,
2015; Kalisch and Xie, 2014). In relation to peripheral intravenous cath-
eter care, a survey of over 4000 direct care registered nurses reported
that insertion site care and site assessments were occasionally or fre-
quently missed (28.2% and 6.8% respectively) (Kalisch et al., 2014),
and multiple audits have shown that peripheral intravenous catheter
documentation is incomplete or missing in 20–50% of patient records
(Aghdassi et al., 2019; Alexandrou et al., 2018; Berger et al., 2022;
Høvik et al., 2020).

The lack of documented assessment may contribute to the high
prevalence of idle catheters, with reports that between 14 and 50% of
peripheral intravenous catheters are left in situ ‘just in case’ they
might be needed (Becerra et al., 2016; Bourgault et al., 2021; Evison
et al., 2021; Gledstone-Brown and McHugh, 2018). This poses an unac-
ceptable risk of bloodstream infection (Mermel, 2017)—believed to rival
central line-associated bloodstream infection in the volume of patients
affected (Tatsuno et al., 2019)—with serious implications for morbidity,
mortality, and high hospital and personal costs (Sato et al., 2017). Fear
of S. aureus bacteraemia, with its high mortality rates, has raised con-
cerns about peripheral intravenous catheter length of time in situ,
with many hospitals retaining routine replacement policies rather
than adopting evidence-based clinically indicated removal (Webster
et al., 2019). Both approaches have been recommended as peripheral
intravenous catheter replacement options for Australian healthcare fa-
cilities, with national infection control guidelines recommending re-
placement every 72 h or as clinically indicated in facilities with regular
monitoring for catheter-associated bloodstream infection, comprehen-
sive peripheral intravenous catheter documentation with proven daily
assessment documentation compliance, and compliance with insertion
and management competencies (Australian Commission on Safety and
Quality in Health Care, 2021). Nonetheless, reported rates of idle cathe-
ters (defined as not used in the previous 24 h and no plans for use in the
next 24 h (Ray-Barruel et al., 2018)) remain unacceptably high, suggest-
ing that clinicians are unclear about clinical criteria justifying peripheral
intravenous catheter removal.

Traditionally, peripheral intravenous catheter assessment has
concentrated on phlebitis detection, but this approach may be insuf-
ficient (Rickard and Ray-Barruel, 2017), as device failure may result
from a range of additional causes, including dislodgement, infiltra-
tion, extravasation, occlusion, and infection (Marsh et al., 2021). In-
deed, a recent secondary analysis of 12 prospective studies
including 11,830 peripheral intravenous catheters identified that
36% of catheters failed before treatment completion and over one-
third of patients with a peripheral catheter experienced painful com-
plications (Marsh et al., 2021). Catheter dressing and securement re-
mains a common problem leading to device failure; a global
prevalence study identified 21% of peripheral intravenous catheter
dressings as loose or lifting (Alexandrou et al., 2018). Device failure
prior to treatment completion leads to delays in delivery of intrave-
nous therapy, the need for insertion of more invasive devices, in-
creased hospital costs and staff time, and a diminished patient
experience (Marsh et al., 2021). These figures indicate room for im-
provement in nursing assessment and care of peripheral intravenous
catheters, particularly earlier identification of risk factors for compli-
cations or infection, such as idle catheters, early signs of insertion
site complications, and poor dressing integrity. Improved catheter
assessment and decision-making could prompt removal of idle cath-
eters, alert the caregiver to early signs of complications, and lead to
improved patient outcomes, reduced risk of bloodstream infection,
and decreased hospital costs (Ray-Barruel and Alexander, 2023;
Ray-Barruel et al., 2018).

Evidence-based guidelines and clinical practice standards exist to
guide local hospital policies and procedures for peripheral intravenous
catheter management (Australian Commission on Safety and Quality in
Health Care, 2021; Denton et al., 2016; Gorski et al., 2021; Loveday
et al., 2016; O'Grady et al., 2011), but these are often lengthy and not
always available at the point of care (Rickard and Ray-Barruel, 2017). To
address the reportedhighprevalence of idle catheters and common short-
fallswith assessment, care and documentation, the lead author developed
I-DECIDED®, an evidence-based, point-of-care, mnemonic tool to prompt
and guide catheter assessment and subsequent clinical decision-making
around management and removal (Ray-Barruel et al., 2018).

http://creativecommons.org/licenses/by-nc/4.0/
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The aim of this study was to implement and evaluate the effec-
tiveness of the I-DECIDED® tool for peripheral intravenous catheter
assessment and decision tool in three Australian hospitals. Specifi-
cally, this quality improvement initiative aimed to determine if
using the tool could improve daily nursing assessment and
decision-making, to improve peripheral intravenous catheter care
and outcomes.

2. Methods

2.1. Study design and context

A quasi-experimental, interrupted time-series study was conducted
between August 2017 andDecember 2018. The study protocolwas pub-
lished a priori (Ray-Barruel et al., 2018). Interrupted time-series studies
with multiple time-points pre- and post-implementation are useful in
the context of this study as they can identify trends over time
(Hudson et al., 2019; Penfold and Zhang, 2013). Three adult metropoli-
tan hospitals in southeast Queensland, Australia (two public teaching
hospitals and one private hospital; 663, 175, and 227 beds, respectively)
participated in the study. Datawere collected over 16 two-weekly time-
points at each hospital, to enable assessment of linear time trends inde-
pendent of the intervention, and to assess as many peripheral intrave-
nous catheters as possible. Participating wards included three medical,
three surgical, and one infectious disease ward. Each hospital partici-
pated in the study for 11 months, although study commencement
dates varied between sites due to local approval processes (see Supple-
mentary Table 1).

Prior to the implementation of the tool, documentation of peripheral
intravenous catheter insertion, assessment and removal differed some-
what at each facility (see Supplementary Table 2). In two hospitals, all
peripheral catheters were inserted by general hospital medical staff or
nurses (not vascular access teams), whereas in the third they were
inserted by pathology service technicians. All hospitals used paper-
based charts to record peripheral catheter information (insertion, re-
moval, phlebitis score); one had a dedicated vascular access device
form. All hospital policiesmandated peripheral intravenous catheter re-
placement at 72–96 h, or as clinically indicated for patientswith difficult
intravenous access with the specific approval of a medical officer docu-
mented in the patient's chart.

2.2. Participants and sample size

Adult participants over 18 years with a peripheral intravenous cath-
eter in situ on each day of data collection were eligible for inclusion. Ex-
clusion criteria included patients unable to communicate in English,
admitted for palliative treatment, or on a care of the dying pathway
(see Supplementary Fig. 1). The original ethical approval required writ-
ten patient consent, however, within the first month of the study, an
amendmentwas approved for verbal consent aftermany patients stated
that they were happy to participate but did not want to sign a consent
form.

Sample size is not calculated for interrupted time-series analyses be-
cause power increases with more data time-points and number of ob-
servations (Wagner et al., 2002). Therefore, all eligible participants
who consented during the data collection periods were included in
the study.

2.3. Instrument

The tool comprises eight categories based on international best prac-
tice guidelines and recommendations (AustralianCommission on Safety
andQuality in Health Care, 2021; Denton et al., 2016; Gorski et al., 2021;
Loveday et al., 2016; O'Grady et al., 2011), with a reminder to always
consider local policy and consult with the multidisciplinary team and
patient, as required.
• Identify if a device is in situ. If an intravenous catheter has been re-
moved in past 48 h, observe site for post-infusion phlebitis

• Does the patient need the device? If not used in past 24 h, or unlikely
to be used in next 24 h, consider removal. Consider change to oral
medications.

• Effective function? Does the catheter infuse and/or flush well? Follow
local policy for flushing and locking.

• Complications at insertion site? Assess for pain ≥2/10, redness >1 cm,
swelling >1 cm, discharge, infiltration, extravasation, hardness, pal-
pable cord or purulence.

• Infection prevention. Perform hand hygiene, scrub the hub & allow to
dry before each intravenous access. Careful use of administration sets.

• Dressing and securement. Dressings should be clean, dry, and intact.
Catheter and lines should be secure.

• Evaluate and educate. Evaluate any patient and family concerns with
the catheter. Educate as needed. Discuss catheter plan with patient
& family.

• Document your decision. Continue to monitor, troubleshoot as
needed, change dressing/securement if needed, or remove the cathe-
ter. Replace if necessary.

The tool has previously demonstrated strong content validity and
inter-rater reliability for peripheral intravenous catheter assessment,
and assessment is relatively quick to complete (average 2 min, range
1–10 min); the measurement properties are reported in full elsewhere
(Ray-Barruel et al., 2020).

2.4. Intervention

The I-DECIDED® tool was implemented in each participating ward
following a 4-month pre-intervention time period (T1). Understanding
and accommodating the unique context of each hospital (and ward)
was essential; therefore, the Promoting Action on Research Implemen-
tation in Health Services (PARiHS) framework was used to prospec-
tively plan and guide the implementation process (Harvey and Kitson,
2016; Kitson et al., 2008; Rycroft-Malone, 2004). Evidence, context,
and facilitation elements used in the implementation are shown in Sup-
plementary Fig. 2.

The implementation included the introduction of a dedicated vascu-
lar access device form for nurses to document their peripheral intrave-
nous catheter assessment and subsequent decision to continue,
troubleshoot or remove the catheter (see Supplementary Fig. 3). Prior
to implementation, consultationwas undertakenwith key stakeholders,
including 30 nurses from across the three hospitals who participated in
discussions to provide feedback on the proposed form, with minor
changes made accordingly (shading, location of comments section).
The form was approved for the trial by the relevant governance com-
mittees at each hospital. Nurses in the trial wards documented periph-
eral intravenous catheters on the vascular access device form instead
of the routine forms; however, peripheral catheters inserted by doctors,
technicians, or nurses in non-trial areas (e.g., emergency department,
operating suite, or non-participating wards) were not documented on
the vascular access device form, so nurses in the trial wards had to tran-
scribe those catheter details to the vascular access device form.

In preparation for the rollout, an education programwas conducted
by the lead author at all sites during in-service sessions following the af-
ternoon shift handover. Twenty-five scheduled 20-minute education
sessions, with the lead author explaining the tool and vascular access
device form, were attended by 180 staff (registered nurses, enrolled
nurses, student nurses,medical officers, and administration staff) across
the three hospitals. Pocket-sized lanyard cards displaying the tool were
provided to all nurses and medical staff, and extra cards were placed in
the nurses' stations and staff rooms alongside posters explaining the
study and a sample template of the trial form,with dummydata entered



4 G. Ray-Barruel, V. Chopra, P. Fulbrook et al. / International Journal of Nursing Studies 148 (2023) 104604
for instructional purposes. Laminated inserts of the tool were placed in
each patient's bedside folder to remind staff to use the tool when per-
forming peripheral intravenous catheter assessment. During the imple-
mentation phase, additional education was provided by local
champions nominated by the local nurse unit managers for staff who
had not attended a formal education session.

2.5. Data collection

Pre-intervention, baseline data were collected for the first 4 months
of the study (T1), prior to a 3-month implementation period (T2) during
which no data were collected, followed by a 4-month post-intervention
period (T3) during which the same baseline data (repeated measures)
were collected (see Supplementary Table 1). During T1 and T3, data
were collected every two weeks to assess for simultaneous time trends
in peripheral intravenous catheter processes and outcomes, and to bet-
ter understand the effect and sustainability of the intervention. All pa-
tient data were de-identified.

A co-investigator (a professor of nursing and two infection preven-
tion clinical nurse consultants) at each hospital nominated a research
nurse to assist with local participant enrollment and data collection
one day per fortnight. The research nurses were trained in the use of
the tool and data collection forms and inter-rater reliability was con-
firmed, as described elsewhere (Ray-Barruel et al., 2020). During T1
and T3, a research nurse visited participating wards every two weeks
to screen all admitted patients for eligibility and the presence of a pe-
ripheral intravenous catheter (if patients had multiple co-existing pe-
ripheral catheters, all were included). Each patient and catheter was
only recruited once to the study. After explaining the purpose of the
study and obtaining patient consent, the research nurse visually
inspected the peripheral intravenous catheter using the I-DECIDED®
tool as a checklist, then audited the patient's chart for the most recent
peripheral catheter assessment documented by bedside nursing staff.
The assessment and chart audit were recorded on the study data collec-
tion form (see Supplementary Fig. 4), replicated in a Research Electronic
Data Capture (REDCap) database (Harris et al., 2009) and accessible via
hand-held electronic devices at the bedside. A stickerwas placed in each
participating patient's chart, noting that the peripheral catheter had
been assessed for the purposes of the study. During T1, as nurses were
not yet using the I-DECIDED® tool, there were some minor differences
in identification and documentation of in situ peripheral catheters (see
Supplementary Table 3).

To provide time for familiarity and ensure workflows using the tool
were in place, no data were collected during the implementation phase
(T2). During the post-intervention phase (T3), data collection resumed,
and nurse educators and project champions continued to promote the
tool at ward meetings and staff huddles (brief teammeetings), encour-
aging compliance with documentation. Throughout the study, the lead
author visited each ward at least monthly and collected field notes to
evaluate the implementation process. To understand the local context,
bed occupancy data and staffing ratios were collected for each shift of
data collection.

2.6. Variables

Primary outcomes included the device utilization ratio (number of
peripheral intravenous catheters per total number of patients screened)
and percentage of patients with an idle catheter (peripheral intravenous
catheter in situ without a clear purpose: i.e., not used in previous 24 h
and no projected use in next 24 h); substandard catheter dressing
(loose, soiled, or moist); insertion site complications (pain ≥2 out of the
maximum of 10, redness >1 cm from insertion site, swelling >1 cm
from insertion site, infiltration, discharge, hardness, palpable cord, or
purulence); and primary bloodstream infection (National Healthcare
SafetyNetwork, 2022), collected frommonthly routine infection control
surveillance data at each hospital.
Secondary outcomes included: implementation compliance, ana-
lyzed using completion rates of peripheral intravenous catheter docu-
mentation by nursing staff; staff focus group feedback on the
acceptability of the tool and the barriers/facilitators to peripheral cathe-
ter assessment (to be reported elsewhere); and proportion of patients
verbally reporting that (a) staff had assessed their peripheral catheter
that shift, (b) staff had informed them of the reason for their peripheral
catheter or plans for intravenous therapy, and (c) the patient felt com-
fortable in speaking up if they had concerns. Bed occupancy data and
staffing ratios were collected on each day of assessment to assess for
equivalency of hospital level risk over the time periods of the study.

2.7. Data analysis

Descriptive statistics were used to describe the patient/device/clini-
cal characteristics and outcome measures in the T1 and T3 phases. Dif-
ferences of characteristics between T1 and T3 were assessed by
calculating standardized differences, while changes in outcome mea-
sures were presented by using both absolute (risk difference) and rela-
tive (risk ratio) indicators and their 95% confidence intervals.

T1 and T3 phases were split into eight separate time-points (distinct
group of observations; total 16). The observed outcome proportions
were calculated at each time-point and graphed over time, including
predicted values obtained by using linear regression. The piecewise lo-
gistic regression analyses included several terms required for the analy-
sis of interrupted time series data: (a) a binary term indicating the T1
phase, (b) a binary term indicating the T3 phase, (c) a time variable
for the T1 phase with values of −7, −6, −5, −4, −3, −2, −1, and
−0.001, (d) a time variable for the T3 phase with values of 0.001, 1, 2,
3, 4, 5, 6, and 7, and a fixed-effect term for hospital. The constant
terms were suppressed to allow for phase-specific intercepts to be cal-
culated. We compared primary outcomes in T1 and T3 to assess for
change both in their values and in the direction of any change in the
values. We tested for differences in the intercepts (the last predicted
values of T1 and the firsts of T3) and the slopes of the prediction lines
using a linear combination of parameters. Data analysis was performed
using Stata (StataCorp. 2021. Release 17. College Station, TX: StataCorp
LLC.). A significance level of <0.05 was considered statistically signifi-
cant. Missing values were not imputed.

2.8. Ethical approval

Human Research Ethics Committee approvals for the studywere ob-
tained from the relevant university (Ref. 2017/152) and hospitals (Refs.
HREC/17/QPCH/47; 17/28). All participants provided informed consent
prior to participation, and the study was conducted in accordance with
the Australian Government National Statement on Ethical Conduct in
Human Research. The study was registered prospectively: ANZCTR
trial registration: ACTRN12617000067370 (Date of registration 13 Janu-
ary 2017. Date of first data collection 3rd August 2017). The results are
reported in accordance with the Standards for Quality Improvement
Reporting Excellence version 2.0 (SQUIRE 2.0) guidelines (Ogrinc
et al., 2008).

3. Results

Between August 2017 and December 2018, out of 2055 screened pa-
tients, 1175 (57%) had a peripheral intravenous catheter, and 825
consenting patients with 867 peripheral catheters were included in
the final analysis (T1=410; T3=457) (see Table 1 and Supplementary
Fig. 4). More than half of peripheral intravenous catheters were in
surgical patients (n = 477, 55%), with catheters placed in the
antecubital fossa (n = 335, 41%), with bordered/window transparent
dressings (n = 574, 66%), and additional securement with tubular net
bandage (n = 295, 34%), non-sterile tape (n = 240, 28%), or none (n =
331, 38%). Clinical and demographic characteristics were similar in T1



Table 1
Patient and device characteristics.

Pre-intervention Post-intervention Standardized
differencea

Total PIVCs analyzedb 410 (47.3%) 457 (52.7%)
Sites 0.091
Hospital 1 134 (32.7%) 156 (34.1%)
Hospital 2 161 (39.3%) 191 (41.8%)
Hospital 3 115 (28.0%) 110 (24.1%)

Patient population 0.070
Surgical 218 (53.2%) 259 (56.7%)
Medical 192 (46.8%) 198 (43.3%)

Insertion site 0.206
Antecubital fossa 146 (39.7%) 189 (41.9%)
Forearm 99 (26.9%) 143 (31.7%)
Hand 115 (31.2%) 117 (25.9%)
Other 8 (2.2%) 2 (0.4%)
Not collected 42 6

Dressing type 0.083
Bordered/window
transparent

272 (66.3%) 302 (66.1%)

Simple transparent 127 (31.0%) 148 (32.4%)
Tape only 11 (2.7%) 7 (1.5%)

Securements
Securement: tubular
net/bandage

123 (30.0%) 172 (37.6%) 0.162

Securement: non-sterile
tape

109 (26.6%) 131 (28.7%) 0.047

Securement: sterile tape 25 (6.1%) 2 (0.4%) 0.322
Securement: other 6 (1.5%) 0 (0.0%) 0.172
No added securement 156 (38.0%) 175 (38.3%) 0.005

a Values above 0.10 (bold) may be considered as imbalanced.
b PIVC = peripheral intravenous catheter.
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and T3 for both patients and peripheral intravenous catheters, except
minor differences in proportion of surgical patients, insertion site selec-
tion, and securements applied. Bed occupancy (>0.90) and registered
nurse staffing levels (>0.25 per patient (McHugh et al., 2020)) remained
constant throughout the study.

3.1. Primary outcomes

As shown in Table 2, more patients had a peripheral intravenous
catheter in T3 compared to T1 (device utilization ratio 0.42 vs 0.50; rel-
ative risk [RR] 1.18, 95% CI 1.11, 1.25, p < 0.001), however the propor-
tion that were idle reduced (12.7% vs 8.3%; RR 0.66, 95% CI 0.44, 0.97,
p=0.035). The proportion of patients with insertion site complications
also reduced from 16.1% (T1) to 10.9% (T3) (RR 0.68, 95% CI 0.48, 0.96, p
= 0.026). The proportion of substandard dressings decreased from
24.6% to 19.5% (RR 0.79, 95% CI 0.61, 1.02, p=0.067). No peripheral in-
travenous catheter-associated primary bloodstream infections occurred
in T1 and one occurred in T3 in a patient with a peripheral catheter in
situ for 5 days withmedical approval and the completed vascular access
device formwas noted as evidence that the catheter had been regularly
assessed, with no concerns.
Table 2
Primary outcomes.

N Pre-intervention Post-interven

Device utilization ratio 4954 1052/2502 (0.420) 1216/2452 (0
PIVC idle 867 52 (12.7%) 38 (8.3%)
Substandard dressings 867 101 (24.6%) 89 (19.5%)
Complications 867 66 (16.1%) 50 (10.9%)
Infection 867 0 (0.0%) 1 (0.2%)

PIVC = peripheral intravenous catheter; CI = confidence interval; n/c = cannot be calculated
3.2. Interrupted time series analysis of trends in the T1 and T3 periods

See Fig. 1. Peripheral intravenous catheter utilization was higher at
the beginning of T3 compared to the end of T1 (known as the intercept,
p = 0.001) with no change in the trend (slope) over time (p = 0.927).
The proportion of idle catheters and catheters with complications had
similar intercepts (p = 0.429 and p = 0.427, respectively) and slopes
(p = 0.968 and p = 0.149, respectively) at T1 and T3. There was a rise
in substandard dressings (p = 0.021), but the rate of decline over
time was similar (p = 0.356).

3.3. Secondary outcomes

The proportion of patients reporting their nurse had assessed their
peripheral catheter in the past 8 h increased from 75% in T1 to 87% in
T3. The proportion of patients who observed that the nurse had per-
formed hand hygiene and scrubbed the needleless connector prior to
catheter access increased (68% to 81% and 70% to 80%, respectively).
(See Table 3)With the introduction of I-DECIDED®, all items of catheter
documentation improved except ‘identify if a peripheral intravenous
catheter is in situ’, which was already high (89% in T1 and 86% in T3,
see Table 4).

4. Discussion

In this study spanning three hospitals and 825 patients, implemen-
tation of the I-DECIDED® tool led to important benefits. There was a
one-third (RR 0.66) reduction in the incidence of idle peripheral intra-
venous catheters, in addition to a one-third (RR 0.68) reduction in cath-
eter complications: both clinically and statistically significant findings.
These improvements occurred despite an overall increase (relative
120%) in device utilization (i.e., more patients had peripheral intrave-
nous catheters overall). While the time-trend analysis detected a rise
in the incidence of substandard dressings in T3, the relative and abso-
lute differences indicated a likely overall reduction; a larger study
would be needed to confirm this effect. Peripheral intravenous
catheter-associated bloodstream infection rates remained extremely
low throughout the study.

The pre-intervention period showed differences between hospitals
in idle catheter prevalence, but all hospitals reduced their idle catheter
rates following the implementation, suggesting the intervention was
consistently effective and thus can be recommended for other hospitals.
By comparison, reported idle catheter rates range between 16% and 50%
(Becerra et al., 2016; Gledstone-Brown and McHugh, 2018). Neglecting
the removal of idle catheters is a risk factor for adverse patient outcomes
including bloodstream infection, therefore several implementation
studies have attempted to tackle the problem of idle catheters. A de-
implementation study in the Netherlands reported an absolute reduc-
tion of 6.7% in idle peripheral intravenous catheters following an educa-
tional initiative to raise staff awareness of the need to remove
unnecessary lines (Laan et al., 2020). Of course, avoiding cannulation
in the first place should always be considered. A study in an Australian
emergency department demonstrated a reduction in peripheral
tion Difference
(95% CI)

Ratio
(95% CI)

Significance
p

.496) 7.5% (4.8, 10.3) 1.18 (1.11, 1.25) <0.001
−4.4% (−8.5, −0.3) 0.66 (0.44, 0.97) 0.035
−5.2% (−10.7, 0.4) 0.79 (0.61, 1.02) 0.067
−5.2% (−9.7, −0.6) 0.68 (0.48, 0.96) 0.026
0.2% (−0.2, 0.6) n/c

; bold = statistically significant.



Fig. 1. Interrupted time series analysis of primary outcomes (proportions) between study phases T1 and T3 (including prediction lines and their 95% confidence bounds).

6 G. Ray-Barruel, V. Chopra, P. Fulbrook et al. / International Journal of Nursing Studies 148 (2023) 104604
intravenous catheter placement following an initiative to remind staff to
consider device necessity prior to inserting a catheter (Hawkins et al.,
2018).

Despite improved peripheral intravenous catheter assessment, site
complications were still experienced by 11% of patients during the
post-intervention period; however, this improved from baseline (16%)
in the pre-post analysis. The flattening of the over-time trend in compli-
cations is probably due to the values already relatively low, i.e., less
likely to keep getting lower from this intervention alone. By improving
the quality of nursing assessment and documentation it is possible that
more complications were detected and recorded. This is a beneficial ef-
fect if it heightens awareness and action to resolve complications. The
most common site complications were pain alone or as a composite
measure of phlebitis.
Our findings were inconclusive for substandard dressings. The 5%
absolute average decrease post-intervention suggested that the in-
creased focus on catheter assessment led to improved dressing quality.
However, the interrupted time-series analysis found more dressings
were substandard immediately after the intervention (possibly due to
improved assessment), as well as an underlying decreasing trend over
both periods which suggests there was already a tendency to improved
dressing quality occurring independently of the study. A larger study
may confirm the beneficial effect of I-DECIDED® on dressing quality,
but regardless, the overall prevalence of substandard dressings re-
mained unacceptably high (19%) post-intervention, indicating this is
an ongoing and important issue. Despite the wide range of dressing
and securement products available, intravenous catheter dressing
integrity is an ongoing concern worldwide due to infection and



Table 3
PIVC assessment findings using the I-DECIDED® tool.

Pre-intervention
N = 410

Post-intervention
N = 457

Difference
(95% CI)

Ratio
(95% CI)

IDENTIFY if a PIVC is in situ
Insertion date documented (in chart or on dressing) 384 (93.7%) 428 (93.7%) −0.0% (−3.3, 3.2) 1.00 (0.97, 1.04)
Insertion time documented 159 (38.8%) 268 (58.6%) 19.9% (13.3, 26.4) 1.51 (1.31, 1.75)
Name or position of inserter documented 222 (54.1%) 309 (67.6%) 13.5% (7.0, 19.9) 1.25 (1.12, 1.39)
DOES the patient need this PIVC?
PIVC has been used or likely to be used within 24 h 358 (87.3%) 419 (91.7%) 4.4% (0.3, 8.5) 1.05 (1.00, 1.10)
No obvious use 52 (12.7%) 38 (8.3%) −4.4% (−8.5, −0.3) 0.66 (0.44, 0.97)

EFFECTIVE function?
IV infusion running or PIVC flushed (no concerns) 322 (78.5%) 383 (83.8%) 5.3% (0.1, 10.5) 1.07 (1.00, 1.14)
Unknown (not flushed, not infusing in past 8 h) 88 (21.5%) 71 (15.5%) −5.9% (−11.1, −0.7) 0.72 (0.55, 0.96)
Catheter blocked 0 (0.0%) 3 (0.7%) 0.7% (−0.1, 1.4) n/c

COMPLICATIONS or CONCERNS?
Insertion site clearly visible 371 (90.5%) 440 (96.3%) 5.8% (2.5, 9.1) 1.06 (1.03, 1.10)
No clinical symptoms 344 (83.9%) 407 (89.1%) 5.2% (0.6, 9.7) 1.06 (1.00, 1.12)
Patient-reported pain ≥2 out of max. 10 18 (4.4%) 21 (4.6%) 0.2% (−2.6, 3.0) 1.05 (0.57, 1.94)
Redness >1 cm from insertion site 16 (3.9%) 9 (2.0%) −1.9% (−4.2, 0.3) 0.50 (0.23, 1.13)
Swelling >1 cm from insertion site 7 (1.7%) 1 (0.2%) −1.5% (−2.8, −0.2) 0.13 (0.02, 1.04)
Discharge or purulence at site 3 (0.7%) 7 (1.5%) 0.8% (−0.6, 2.2) 2.09 (0.54, 8.04)
Hardness at site 0 (0.0%) 2 (0.4%) 0.4% (−0.2, 1.0) n/c
Phlebitis (pain, redness, swelling, purulence, or hardness) 35 (8.5%) 38 (8.3%) −0.2% (−3.9, 3.5) 0.97 (0.63, 1.51)
Infiltration (IV fluid in tissues) 0 (0.0%) 1 (0.2%) 0.2% (−0.2, 0.6) n/c
Itch 3 (0.7%) 0 (0.0%) n/c n/c
Dislodgement 1 (0.2%) 0 (0.0%) −0.2% (−0.7, 0.2) n/c
Other (bruising) 2 (0.5%) 1 (0.2%) −0.3% (−1.1, 0.5) 0.45 (0.04, 4.93)

INFECTION prevention (as reported by patient)
Nurse performed hand hygiene prior to PIVC access 279 (68.0%) 368 (80.5%) 12.5% (6.7, 18.3) 1.18 (1.09, 1.28)
Nurse scrubbed the hub and allowed it to dry 286 (69.8%) 364 (79.6%) 9.9% (4.1, 15.7) 1.14 (1.06, 1.24)
Patient unsure if nurse took infection prevention measures 120 (29.3%) 89 (19.5%) −9.8% (−15.5, −4.1) 0.67 (0.52, 0.85)

DRESSING and SECUREMENT
Clean, dry, and intact 309 (75.4%) 368 (80.5%) 5.2% (−0.4, 10.7) 1.07 (0.99, 1.15)
No securement 156 (38.0%) 175 (38.3%) 0.2% (−6.23, 6.72) 1.01 (0.85, 1.19)

EVALUATE and EDUCATE (as reported by patient)
Nurse assessed PIVC today 284 (75.1%) 381 (87.4%) 12.3% (6.9, 17.6) 1.16 (1.09, 1.25)
Patient had concerns about PIVC 28 (6.8%) 19 (4.2%) −2.7% (−5.7, 0.4) 0.61 (0.35, 1.07)
Patient had concerns about PIVC and notified nurse 15 (3.7%) 12 (2.6%) −1.0% (−3.3, 1.3) 0.72 (0.34, 1.52)

DOCUMENT the DECISION
Documentation of decision to continue or remove PIVC 38 (9.8%) 246 (59.0%) 49.1% (43.6, 54.7) 5.99 (4.38, 8.19)

PIVC = peripheral intravenous catheter; CI = confidence interval; IV = intravenous; n/c = cannot be calculated; bold = statistically significant.
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dislodgement risk. A previous global audit identified 21% of peripheral
intravenous catheter dressings were not clean, dry and intact
(Alexandrou et al., 2018), and even higher rates have been observed
in some countries (Rodriguez-Calero et al., 2020). Multivariate analysis
from a prevalence study in Germany identified that substandard dress-
ingsweremore commonwhen the peripheral catheterwas idle and had
not been assessed in the previous 24 h (Aghdassi et al., 2019). The opti-
mal dressing and securement approach for peripheral intravenous cath-
eters has not yet been established, despite multiple randomized
controlled trials (Bahl et al., 2021; Corley et al., 2023; Marsh et al.,
2018; Rickard et al., 2018).
Table 4
PIVC documentation audit results.

Pre-intervention
N = 410

Post
N =

IDENTIFY if a PIVC is in situ 363 (88.5%) 393
DOES patient need this PIVC? 299 (72.9%) 339
EFFECTIVE function? (patency) 112 (27.3%) 260
COMPLICATIONS at PIVC site 231 (56.3%) 266
INFECTION prevention 3 (0.7%) 230
DRESSING and SECUREMENT 1 (0.2%) 232
EVALUATE and EDUCATE patient 10 (2.4%) 228
DOCUMENT the DECISION 38 (9.3%) 246

PIVC = peripheral intravenous catheter; CI = confidence interval; n/c = cannot be calculated
The study results indicate that the I-DECIDED® tool provides an ef-
fective framework to incorporate guidelines at the point of care. Inter-
national infection control guidelines and standards for nursing care
stress the integral role of catheter assessment in early detection of site
complications and infection prevention (Denton et al., 2016; Gorski
et al., 2021; Loveday et al., 2016; O'Grady et al., 2011). However, periph-
eral intravenous catheter assessment has traditionally targeted timed
rather than timely removal, and phlebitis scoring rather than compre-
hensive assessment. While phlebitis is a painful and important consid-
eration, catheter assessment should be more comprehensive than
phlebitis detection (Göransson et al., 2017; Ray-Barruel and Alexander,
-intervention
457

Difference
(95% CI)

Ratio
(95% CI)

(86.0%) −2.5% (−7.0, 1.9) 0.97 (0.92, 1.02)
(74.2%) 1.3% (−4.6, 7.1) 1.02 (0.94, 1.10)
(56.9%) 29.6% (23.3, 35.8) 2.08 (1.74, 2.49)
(58.2%) 1.9% (−4.7, 8.5) 1.03 (0.92, 1.16)
(50.3%) 49.6% (44.9, 54.3) 68.8 (22.2, 213)
(50.8%) 50.5% (45.9, 55.1) 208 (29.3, 1477)
(49.9%) 47.5% (42.6, 52.3) 205 (11.0, 38.0)
(53.8%) 44.6% (39.2, 49.9) 5.81 (4.24, 7.95)

; bold = statistically significant.
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2023; Ray-Barruel et al., 2014; Rickard and Ray-Barruel, 2017). Follow-
ing the success of central line bundles in reducing central line-
associated bloodstream infection, many hospitals have implemented
peripheral intravenous catheter insertion and maintenance bundles to
reduce catheter-associated bloodstream infection; however, a system-
atic review identified that bundles varied in their components and com-
pliance reporting (Ray-Barruel et al., 2019). A daily prompt to review
catheter need featured in several peripheral intravenous catheter bun-
dles, with some authors reporting an associated reduction in blood-
stream infection (Ray-Barruel et al., 2019). In our study, bloodstream
infection rates were low, making comparison impractical for this out-
come, but in settings with higher baseline infection rates it is possible
that by reducing idle catheters and catheter complications, I-
DECIDED® use may also result in bloodstream infection reductions.
The I-DECIDED® mnemonic intentionally begins with identifying the
presence of a device and then assessment of the continued need for
the device because these factors are integral in prompt removal of idle
catheters and key for the implementation of clinically indicated removal
policies (Gorski et al., 2021; Loveday et al., 2016).

In previous studies, consumers have reported dissatisfaction with a
lack of communication and recognition of individual vascular access
needs by clinicians (Cooke et al., 2018; Larsen et al., 2017). Some pa-
tients may be reluctant to speak up despite having concerns (Fisher
et al., 2019); therefore, I-DECIDED® includes a prompt for evaluating
the patient's understanding of treatment and providing education as
needed. In the intervention period, patient reports that the nurse had
assessed their peripheral catheter increased. Interestingly, more pa-
tients reported that nurses performed infection prevention measures
including hand hygiene and scrubbing the needleless connector prior
to access. It is unlikely that this was a chance finding because it im-
proved at all hospitals after implementation. Possibly, the increased ed-
ucation focus on peripheral catheter assessment or use of the trial form
provided a visual reminder for nurses to ask the patient about the cath-
eter and be more cognizant of the patients' infection risk. Further work
is planned to identify how the tool might improve patient inclusion in
device care.

Implementation of the tool required substantial changes to how
nurses assessed peripheral intravenous catheters and documented
their assessment. While documentation of catheter assessment and
decision-making markedly improved (44.5%), compliance varied be-
tween hospitals, largely dependent on their pre-study documentation
processes. Hospitals with a prior culture of documenting vascular access
device insertion and daily assessment had higher compliance with the
trial form. This was not surprising because nurses often feel swamped
with paperwork (Cowin, 2014). Prior to the introduction of the tool,
nurses' routine documentation of peripheral intravenous catheter as-
sessment was limited to phlebitis scores, requiring a culture shift to a
broader assessment focus. Implementation of a new peripheral catheter
assessment and documentation process was expected to pose a chal-
lenge for busy clinicians, who tend to overlook risks of these ubiquitous
devices (Bourgault et al., 2021). The project lead prepared for this by
holdingmultiple stakeholdermeetings and education sessions. Existing
hospital catheter policies were not changed, nor did we provide periph-
eral catheter insertion training or product education. The only change
was the expectation that nurses would complete their peripheral intra-
venous catheter assessment using the I-DECIDED® tool, make an in-
formed decision about the necessity of the catheter, and remove those
deemed no longer necessary or patent.

Understanding and accommodating the unique context of the three
hospitals and variousmedical and surgicalwardswas essential, with the
PARiHS framework used to guide implementation (Harvey and Kitson,
2016; Kitson et al., 2008; Rycroft-Malone, 2004). This provided valuable
insight into howdifferent contexts implemented the intervention in dif-
ferent ways. As wards self-nominated to participate, nurse manager
support for the study was positive, which is integral to the success of
clinical implementation initiatives (Henderson et al., 2014). The project
leadmet with multidisciplinary stakeholders at each hospital at the be-
ginning of T1 and T3, and then regularly throughout the study with
nurse managers and educators to discuss the project, clarify any uncer-
tainties, and provide support. In turn, the nurse managers reiterated
their commitment to the project, nominated ward champions, and allo-
cated time for collaborative staff education sessions.

Implementation projects are challenging, and sustained improve-
ments can be elusive. Following the study, one hospital modified their
nursing care plan to include I-DECIDED®, another reverted to their pre-
vious documentation (phlebitis score only), and the third implemented
an electronic medical record and included I-DECIDED® for staff educa-
tion regarding peripheral intravenous catheters. Further implementa-
tion of the I-DECIDED® tool across hospital settings has the potential
to improve catheter care and subsequent patient outcomes through
the provision of a structured, comprehensive assessment and
decision-making framework to align carewith best practice recommen-
dations for catheter maintenance, securement, and removal.

Interest in the I-DECIDED® tool has been strong so far. The tool has
been translated into several languages and several concurrent trials
are examining its effectiveness in different settings and populations in
a range of countries. Moving forward, we encourage nurse educators
and academics to promote the tool in undergraduate and hospital train-
ing programs and encourage clinicians to use I-DECIDED® as a routine
checklist for daily peripheral intravenous catheter assessment andman-
agement to ensure that best practice is followed, including timely re-
moval of idle catheters. With the help of an informatician, we foresee
the tool could easily be implemented into electronic medical records,
with automated prompts for daily review of device necessity. Ongoing
routine invasive device audits are strongly recommended.

Our study has several strengths. The protocol was published a priori
(Ray-Barruel et al., 2018) and clinimetric evaluations demonstrated
strong validity and inter-rater reliability for peripheral intravenous
catheter assessment (Ray-Barruel et al., 2020). The PARiHS framework
was used to contextualize implementation. The robust interrupted
time-series study design over an 11-month period with 16 data collec-
tion time-points allowed greater confidence that changes in the study
outcomes were due to the intervention rather than other changes in
risk profiles over the two periods and gave staff time to adjust to the
process. The usual hospital processes for inserting peripheral intrave-
nous catheters remained constant throughout the study, with catheter
assessments and chart audits undertaken by research nurses, not the
project lead. Some ward nurse champions demonstrated high engage-
ment with the project, e.g., creating extra written resources for staff to
encourage compliance. Our multi-site testing increases confidence
with the beneficial effects of the intervention, e.g., peripheral catheter
documentation improved in all wards, even where staff expressed frus-
tration with the added paperwork.

4.1. Limitations

Potential confounders including patient demographics such as age,
comorbidity, diagnosis and length of stay were not collected. The
study limitations include no control wards, however each ward served
as its own control. Nurse managers self-nominated their wards to par-
ticipate so may have had an intrinsic positive bias, but it is unlikely
that this could influence all nurses' documentation. We were unable
to test the intervention throughout entire hospitals,whichmay have re-
duced ideal documentation in the study wards since intra-hospital
transferred patients did not initially have the vascular access device
form in use. Electronic medical records were not used at these hospitals
during the study, so our results reflect this paper-based context. Further,
only nurses (not doctors or phlebotomy staff) used the vascular access
device forms so our results are nursing focussed. Nurses may have
been prompted to document peripheral intravenous catheter assess-
ment when the research nurses were present (Hawthorne effect), and
research nurses' assigning endpoints were not blinded, but this was
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unavoidable due to the study design and budget. The original protocol
included ‘think aloud’ assessments, which would have provided more
information on how nurses and patients interact during the catheter as-
sessment, but thesewere not possible due to nursing staff unavailability
when the lead author was available and competing priorities for staff
education. The robust measures undertaken in the study (including
clinimetric evaluation, repeated catheter assessments, chart audits,
focus groups) provide strong data to support the use of I-DECIDED®
for peripheral intravenous catheter assessment and decision-making
and further work is planned to investigate its efficacy in other contexts
and for other invasive devices.

5. Conclusions

Peripheral intravenous catheter documentation and patient engage-
ment in peripheral catheter care improved after implementation of the
I-DECIDED® tool. Coupled with education and supportive leadership, I-
DECIDED® reduced the prevalence of idle catheters, insertion site com-
plications, and substandard dressings despite higher numbers of pe-
ripheral catheters in the study wards overall. There was no detectable
effect on bloodstream infection, however its incidence was very low.

Nurses' ability to conduct a comprehensive device assessment and
make an informed decision to continue, remediate, or remove the cath-
eter should not be undervalued. Patient acuity in hospitals is increasing,
courtesy of an aging population and an increase in patients with chronic
and complex healthcare needs for whom venous depletion is a real con-
cern. Using a structured assessment and decision framework such as I-
DECIDED®will promote greater awareness of the importance of remov-
ing unneeded or symptomatic catheters, ensuring effective dressings,
and preserving vessel health among vulnerable populations.
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