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Abstract
Aim: To explore the implementation contexts and strategies that influence the uptake 
and selection of alternative peripherally inserted central catheter (PICC) materials and 
design.
Design: Qualitative evaluation of end user perspectives within a randomized control 
trial of different PICC materials and design.
Methods: Semi- structured interviews with key stakeholders were undertaken via an 
adapted, rapid- analytic approach using the Consolidated Framework for Implementation 
Research. Outcomes were mapped against the Expert Recommendations for 
Implementing Change (ERIC) tool for strategies to guide innovation in PICC practice.
Results: Participants (n = 23) represented a combination of users and inserters/pur-
chasers, from adult and paediatric settings. Dominant themes included intervention 
characteristics (intervention source), inner setting (structural characteristics) and in-
dividuals involved (self- efficacy). Strategies emerging to support a change from ERIC 
mapping (n = 16) included promotion of intervention adaptability, inclusion of staff 
and consumer perspectives and sufficient funding. Implementation contexts such as 
inner setting and individuals involved equally impacted PICC success and implementa-
tion effectiveness and enabled a greater understanding of barriers and facilitators to 
intervention implementation in this trial.
Conclusion: Trial evidence is important, but healthcare decision- making requires 
consideration of local contexts especially resourcing. Implementation contexts for 
Australian healthcare settings include a practical, strategic toolkit for the implemen-
tation of alternative PICC materials and designs.
Reporting Method: This study adhered to COREQ guidelines.
Patient or Public Contribution: No patient or public contribution.
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1  |  INTRODUC TION

Peripherally inserted central catheters (PICCs) are one of the most 
frequently used vascular access devices selected to deliver medical 
therapies, yet between 22% and 39% develop complications such 
as occlusion, deep vein thrombosis or infection (Chopra et al., 2022; 
Kleidon et al., 2021). Performance of these devices can alter the 
delivery of essential, moderate or long- term treatments such as 
antibiotics and chemotherapy. This poor performance and seque-
lae have provoked several generations of device innovation since 
1970 (Ullman et al., 2019). While vascular access device utilization 
and selection decisions can be evidence- based and embedded into 
clinical practices (Chopra et al., 2015; Ullman et al., 2020); PICC ma-
terial choice is less understood. Over the past 20 years, there has 
been an increase in the frequency of PICC use and more recently 
the variety of choice (material and design) (Chopra et al., 2015; 
Gorski et al., 2021). This popularity is related to PICC benefits in-
cluding peripheral insertion (compared to central insertion), emer-
gence of vascular access teams or embedded PICC insertion services 
(Carr et al., 2018; Schults et al., 2019) and ability to place PICCs at 
the patient's bedside rather than in procedural settings (Ullman 
et al., 2019). Interdisciplinary teams often manage and use PICCs, 
yet nurses are the largest workforce that insert, manage and/or con-
duct surveillance of PICC function or failure (Chopra et al., 2017). 
This places nurses in a unique position to advocate for and select 
ideal PICC material for individual and specific patient populations. 
However, there is a paucity of evidence to understand what influ-
ences decision- making for PICC choices (material and design) and 
hospital policy. Drivers of decision- making can be better under-
stood through the use of implementation science theory such as 
the Consolidated Framework for Implementation Research (CFIR) 
(Damschroder et al., 2009). Yet, recent studies have demonstrated 
infrequent utilization of implementation theories within vascular ac-
cess research (Comber et al., 2024; Xu et al., 2023). This study rigor-
ously applies implementation science frameworks to identify barriers 
to best practice (CFIR; Damschroder et al., 2009) and strategies to 
not only address them but also enhance what is currently working in 
practice as evidenced or suggested by the Expert Recommendations 
for Implementing Change (ERIC) (Powell et al., 2015).

2  |  BACKGROUND

The popularity of PICCs has prompted the integration of innovative 
modifications to traditional polyurethane PICCs to improve function 
and minimize the risk of complications and device failure (Chopra 
et al., 2013; Ullman et al., 2017, 2022). The two current methods 

of modifying polyurethane PICCs include coating/impregnating 
with antibiotic or antimicrobial agents (e.g. chlorhexidine) (Ullman 
et al., 2022) or integrating hydrophilic/hydrophobic materials into 
the base polyurethane to prevent thrombus adherence/accumula-
tion (Ullman et al., 2019). Despite these differences, PICCs have sim-
ilar characteristics including injectable capacity, priming volume and 
length, with only the external surface of the catheter colour distin-
guishing products for unfamiliar clinicians. However, prior compara-
tive research between PICCs is limited to primarily observational 
studies (Schults et al., 2019) with little exploration surrounding clini-
cians' impressions and experiences on how these devices function in 
real clinical settings.

The clinical and cost- effectiveness of three different PICC ma-
terials were evaluated in a randomized control trial (RCT) compar-
ing (i) hydrophobic, (ii) antimicrobial and (iii) polyurethane PICCs in 
paediatric and adult patients (Ullman et al., 2021). At the onset of 
the RCT, little was known about clinicians' beliefs and perceptions 
about different materials, or considerations regarding the inter-
action of PICC material and patient or device outcomes. As im-
pressions of PICC success and failure were contingent on a broad 
range of users; including, but not limited to inserting clinicians 
and PICC users/purchasers (Kleidon et al., 2018), understanding 

K E Y W O R D S
Consolidated Framework for Implementation Research, contexts and strategies, design 
key opinion leaders, Expert Recommendations for Implementing Change, implementation, 
infection, insertion, material, peripherally inserted central catheter, selection, thrombosis

Impact

What problem did the study address?

The barriers and enablers to innovation in peripherally in-
serted central catheter (PICC) selection and practice.

What were the main findings?

Key barriers included: focus on service demands, PICC de-
sign/agility, alternative vascular access device (tunnelled 
central venous catheter), followed by PICC material (anti-
microbial/hydrophobic) and product familiarity. Strategies 
to overcome these would require working with industry 
to consider adaptable options to meet clinician/consumer 
needs and appropriate resources to initiate and sustain 
change.

Implications for the profession and/or patient care

PICC selection is tied to product familiarity, influenced by 
historical preferences and individual beliefs. Future studies 
should focus on patient perspectives.
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the fit of an innovation/intervention (e.g. PICC material) into the 
specific needs of these users was vital (Powell et al., 2015). More 
specifically, factors influencing the acceptance of alternative PICC 
materials and design (those that include hydrophobic or antimi-
crobial properties versus polyurethane without special/additional 
properties) required exploration via an implementation theory 
lens, effective for the healthcare setting. The CFIR was chosen 
based on its systematic approach to predicting or explaining bar-
riers and facilitators (determinants) to implementation effective-
ness (Damschroder et al., 2022). In addition, the ERIC tool was 
developed from expert consensus for implementation strategies 
likely to influence CFIR constructs and support understanding for 
maximal change (Powell et al., 2015).

3  |  THE STUDY

3.1  |  Aim

This study aimed to explore the implementation contexts and strat-
egies that influence the uptake and selection of PICC innovation, 
using deductive analysis informed by the CFIR domains and con-
structs and mapped against the ERIC tool to identify strategies that 
may assist in enhancing the uptake of changing or selecting between 
PICC materials.

3.2  |  Design

A qualitative evaluation was undertaken in parallel to a clinical trial, 
to formally explore potential and actual influences surrounding 
the implementation of different PICC materials use and selection 
across the three metropolitan, quaternary hospitals. The 2009 CFIR 
(Damschroder et al., 2009), adapted rapid analytic approach (Gale 
et al., 2019), was utilized to identify barriers and enablers to poten-
tial practice change and map these against the ERIC tool (Level 1 
strategies). (Powell et al., 2015; Waltz et al., 2019) Barriers and ena-
blers then informed an implementation enhancement plan for imple-
mentation of alternative PICC material choice(s). This study adhered 
to the COnsolidated criteria for REporting Qualitative research 
(COREQ) (Tong et al., 2007) reporting guidelines. To assist the non- 
specialist vascular access nurses or clinicians with the content of this 
study, a Glossary of Vascular Access Terms is provided in Table S1.

3.3  |  Setting and recruitment

The study included three quaternary hospitals within a metropolitan 
centre of one Australian State. The health services are all within a 
10- km radius and include the Princess Alexandra Hospital (Metro 
South Health Service), the Royal Brisbane and Women's Hospital 
(Metro North Hospital and Health Service) and the Queensland 
Children's Hospital (Children's Health and Hospital Service). Within 

these hospitals, eight departments were directly involved in PICC 
insertion, management and purchasing, with additional auxiliary 
departments (including inpatient and outpatient) involved in the 
management of PICCs. All hospitals that used one of the study inter-
ventions as standard practice and had exposure to the second PICC 
material (hydrophobic PICC) in recent pilot studies or product trials 
(Kleidon et al., 2018).

Within these hospitals, there were three different PICC inser-
tion models established. Two sites had a PICC insertion service 
that included a combination of (i) advanced practice, nurse- led at 
bedside, nurse- led in the department of imaging and (ii) department 
of imaging PICC insertion service. The third site had only one PICC 
insertion service that was situated within a department of imaging. 
One hospital was a dedicated paediatric service, with the other two 
dedicated adult services both of which provided PICC insertions to 
adults with the occasional older paediatric patient (15–17 years). 
PICC insertions had been occurring within all three hospitals for be-
tween 9 and 30 years, and they were the lead sites for PICC insertion 
services across their respective healthcare districts (encompassing 
over 12 hospitals). All hospitals provided central line- associated 
bloodstream infection (CLABSI) surveillance, with two hospitals in-
corporating other PICC outcome(s) (thrombosis into performance 
indicators for the vascular access teams).

3.4  |  Population, participants and recruitment

A purposive sampling approach was used to invite representative in-
dividuals (50 across three sites) from three stakeholder groups to en-
sure representation from key areas of PICC practice (PICC inserters, 
users and purchasers) and a range of experience levels (frequent and 
infrequent users or inserters) to participate in individual interviews. 
Interdisciplinary members (doctors and nurses) were included who 
were from stakeholder groups and represented nurse practitioners, 
anaesthetists, unit managers, surveillance teams, department heads 
and radiologists. Students and clinicians not involved with PICC 
were not invited to participate. Interviews were conducted until 
data sufficiency was achieved (LaDonna et al., 2021).

The investigation team distributed a study information summary 
via hospital email to encourage potential participants to contact the 
investigators and Research Nurses at each site. Following contact 
with participants, and prior to the interview, informed consent was 
achieved. The research team used the 2009 CFIR domains (i.e. in-
tervention/individual characteristics, inner setting, outer setting 
and implementation process) and practice guidelines (Curtis & Ray- 
Barruel, 2021; Gorski et al., 2021) to develop semi- structured in-
terview questions (see Table 1 Interview Guide). Using this guide, 
semi- structured interviews were used to explore the importance of 
PICC selection and identify and assess potential barriers and facilita-
tors for implementation of different PICC innovations (material and 
design) and interviews conducted by members of the team outside 
direct supervision or team structures (D.A., R.M.W., V.G. and C.M.). 
Timing of the interviews was conducted prior to the completion of 
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RCT recruitment to capture clinician familiarity with the interven-
tion. Within this paper, formatting has been used to support the 
reader's identification of CFIR items; domains are bolded with con-
structs are italicized and underlined.

3.5  |  Intervention

In 2019, a comparative effectiveness RCT commenced, comparing 
three PICC materials targeting the prevention of thrombosis and 
infection. Despite differences in PICC innovation (material and/
or minor design variations such as valve compared to clamp) the 
three PICCs had similar: power injection capacity (4–5 ml/s), priming 

volume (<1 mL), open tip, length (50–55 cm), diameter (differences 
less than 0.2 m) and required external needleless connectors. While 
not impacting PICC function, each device had minor design varia-
tions including unique colouring of external tubing and a different 
catheter hub (with an imbedded anti- reflux valve). Two of the three 
PICCs had identical supplementary insertion kits and industry rec-
ommendations for insertion, and all three sites used at least one of 
the study PICCs as standard practice and/or had recently conducted 
a local product trial evaluation and/or piloted RCT with the third 
PICC material (Kleidon et al., 2018).

As the RCT considered comparative effectiveness, in terms 
of standard care and alternative materials (Ullman et al., 2021), 
the study PICCS was mentioned as a familiarization step at the 

TA B L E  1  Interview guide with related CFIR construct.

CFIR construct

Interview questions

PICC inserter PICC user PICC purchaser

1. General introduction What are your overall thoughts 
about PICC insertion and use at 
this hospital?
Have you been involved, or are 
you aware of the recent trial, 
PICNIC?

What are your overall thoughts 
about PICC insertion and use at this 
hospital?
Have you been involved, or are you 
aware of the recent trial, PICNIC?

What are your overall thoughts about 
PICC selection and utilization at this 
hospital?
Are you aware of the recent trial, 
PICNIC?

2. Intervention 
characteristics

 (i) Evidence strength 
and quality

 (ii) Relative advantage

 (i) What do you need to make 
an informed, evidence- 
based decision to select 
the most appropriate PICC 
to insert for each specific 
patient/circumstance?

 (ii) What are the considerations 
informing which PICC to 
select to use?

 (i) What are the factors that should 
be considered in the selection of 
type of PICC used?

 (ii) Do you believe that there should 
be a change in practice in PICC 
utilization?

 (i) What information do you need 
to make an informed, clinically 
appropriate decision in relation 
to the type of PICCs to be 
purchased for use?

 (ii) Do you believe that there should 
be a change in practice in PICC 
procurement?

3. Outer setting
 (i) Patient needs and 

resources

 (i) What patient- related factors 
influence which type of 
PICC you select to use?

 (i) What patient- related factors 
should be assessed and 
considered to inform PICC 
selection?

 (i) What do you feel we should 
consider in using the most 
appropriate PICC?

4. Inner setting
 (i) Tension for change
 (ii) Relative priority
 (iii) Leadership 

engagement

 (i) Are there any issues with 
continuing with the current 
practice in PICC selection?

 (ii) Is it important that we 
change practice in line with 
recent evidence in relation 
to PICC selection?

 (iii) How can leadership support 
a change in practice?

 (i) Are there any issues with 
continuing with the current 
practice in PICC selection?

 (ii) Is it important that we change 
practice in line with recent 
evidence in relation to PICC 
selection?

 (iii) How can leadership support a 
change in practice?

 (i) Are there any issues with 
continuing with the current 
practice in PICC selection?

 (ii) Is it important that we change 
practice in line with recent 
evidence in relation to PICC 
selection?

 (iii) How can leadership support a 
change in practice?

5. Characteristics of 
individuals

 (i) Knowledge and 
beliefs about 
intervention

 (i) How do you feel about a 
change in practice in relation 
to PICC selection?

 (i) How do you feel about a change 
in practice in relation to PICC 
selection?

 (i) What do you believe is the 
most important factor in PICC 
selection?

6. Implementation 
process

 (i) Planning
 (ii) Opinion leaders

 (i) What steps do we need 
to take to successfully 
implement a change in 
practice?

 (ii) Who is most appropriate to 
lead this change in practice?

 (i) What steps do we need to take to 
successfully implement a change 
in practice?

 (ii) Who is most appropriate to lead 
this change in practice?

 (i) What steps do we need to take 
to successfully implement a 
change in practice?

 (ii) Who is most appropriate to lead 
this change in practice?

Abbreviations: CFIR, Consolidated Framework for Implementation Research; PICC, peripherally inserted central catheter.
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    |  5AUGUST et al.

commencement of the interview, with broad or no material type lev-
els prompted by interview guide, leading the participants to discuss 
material based on their impression and experience.

3.6  |  Data collection

Individual interviews were conducted via online meetings in spaces 
determined by interviewees. One of the investigators (R.M.W., D.A., 
V.G. and C.M.) moderated the sessions, while a second researcher 
took field notes against the interview guide. Moderation enabled 
review of research objectives and confirmation of participant con-
sent for participation and audio/video recording. Participants were 
given the opportunity to ask questions or clarify their understanding 
of the processes. An interview was considered complete when key 
points from the interview guide had been discussed and participants 
had no further comments (Malterud et al., 2016) (Table S2).

Interviews were spread across a number of weeks to allow for 
a review of transcripts between sessions. Research team meetings 
and discussions were held at regular intervals between sessions, to 
review initial responses and identify interim and final themes in line 
with Gale and colleagues' rapid analytic approach (2019) (Ullman 
et al., 2022). Member checking was not conducted as individual par-
ticipant's identities remained anonymous and confidential. Following 
interviews, de- identified recordings were transcribed by an external 
transcription service. Any identifiable participant characteristics, 
locations or references were removed from the transcripts. Data 
collected during this study were treated confidentially; coded tran-
scripts and notes were safely stored with the university files along 
with consent forms.

3.7  |  Data analysis

The analysis comprised of six steps and employed a modified rapid 
analytic method derived from Gale et al. (2019). The rapid analytic 
approach bypassed codebook development and instead focused on 
using simple tables for researchers to extract data. For example, 
rather than coding by lines of text and circulating for agreement, 
researchers considered what aspects of the interview applied to 
the relevant summary table column, for example, outer setting, and 
then entered the statement(s) from the interview into the relevant 
space.

Firstly, the CFIR- based interview guide (Table 1) was used to de-
velop a summary table (Table S2; Figure 1) verbatim transcripts were 
abridged and then independently piloted by investigation members 
using a random set of transcripts (D.A., V.G., R.M.W. and S.K.). The 
first column of the summary table listed the pre- specified CFIR do-
mains based on the interview guide, with the second column listing 
descriptive quotes from interviews.

In the second step, the investigation team undertook famil-
iarization with the transcripts in independent pairs (R.M.W., V.G., 
T.K., S.K., A.U., N.M.) and populated the summary tables. This was 
followed by an in- person team meeting where a selection of pilot 
transcripts were mapped against the domains and constructs, for 
consensus checking. The independent pairs then reviewed sets of 
transcripts (seven each), according to CFIR domain and construct, to 
identify the supporting statement and subconstruct and provide an 
exemplar quote (Table 2). These summaries were then transferred 
verbatim into an electronic tool (REDCap) per construct/domain. A 
matrix for each domain was generated by experts in qualitative eval-
uation (D.A. and S.K.) who independently coded fragments of text 
to decide if they represented a barrier or enabler to PICC implemen-
tation based on material selection and use (Delaforce et al., 2023). A 
final meeting of the entire investigation team revised and confirmed 
enabler and barrier statement(s) until consensus was achieved (Gale 
et al., 2019). These were mapped using the ERIC online tool (Strategy 
Design—The Consolidated Framework for Implementation Research 
[available at https:// cfirg uide. org/ choos ing-  strat egies/  ]) to identify 
strategies that may assist in enhancing the uptake of changing or 
selecting between PICC materials. Constructs whether identified as 
a barrier or enabler were inputted into the CFIR- ERIC matching tool. 
As recommended by tool developers only level 1 strategy from the 
73 possible ERIC strategies were reported (with all level 1 strate-
gies ranking 50% or greater in strength of recommendation) (Powell 
et al., 2015).

All five CFIR domains and constructs (e.g. intervention/individ-
ual characteristics, setting, implementation process) were consid-
ered. Outputs from the ERIC tool were then grouped into the nine 
clusters and were then aligned with practical real clinical examples, 
supported by methods from relevant literature to generate an en-
hancement plan/toolkit. Additionally, as ERIC is consensus- driven 
tool, not all CFIR constructs have strong recommendations. Thus, 
the toolkit summary encompassed examples and practical sugges-
tions drawn from literature, featuring five identified applied in-
stances, while the remainder were derived from expert opinions.

F I G U R E  1  Analysis processes. 
CFIR, Consolidated Framework for 
Implementation Research; ERIC, Expert 
Recommendations for Implementation 
Change.
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3.8  |  Ethics

This study was conducted within the larger trial and approved by the 
health services and university's Human Research Ethics Committees 
(HREC/QCHQ/48682, GU 2019/094, UQ2019000446).

3.9  |  Reflexivity statement

The investigation team comprised of female researchers from 
nursing and physiotherapy disciplines with a range of educational 
qualifications from Graduate certificates to PhD, as well as 
researchers and clinicians who insert and manage PICC design 
selection. The team had a range of qualitative and research 
backgrounds, with senior and junior members, and individuals from 
both adult and paediatric healthcare backgrounds. None of the 
interviewers or participants had reported relationships with each 
other. The researchers acknowledge a potential bias of interest 
related to PICC material knowledge, but reported no authority 
or relationship with any participants, allowing for an open and 
honest discussion. We acknowledge that the investigation team 
likely represented early adopters and innovators (Berwick, 2003; 
Escobar- Rodríguez & Romero- Alonso, 2013) given the composition 
of clinician- researchers, trialists and individuals; however, any bias 
was minimized by the use of CFIR to guide the interview schedule.

4  |  FINDINGS

4.1  |  Characteristics of participants

Out of the 50 participants contacted, 23 were interviewed. Seven 
participants primarily cared for children (<16 years of age), 15 
primarily cared for adults and one participant had experience caring 
for both adults and paediatrics with PICCs. Two of the participants 
had five or fewer years of experience, seven had 10 or fewer years 
of experience, with the remaining half (n = 14) represented 11 or 
more years of experience (ranging from 11 to 30 years). Over half 
of the participants identified themselves as users (n = 12) and the 
remaining identified as inserters (n = 11). Of the 23 interviewees, 
nine participants reported an overlapping role, between purchaser 
and inserter or user and inserter, with no reports of purchaser alone. 
No repeat interviews were required and interview times ranged 
between 15 and 60 min.

4.2  |  Findings from corresponding CFIR domain

Participants answered questions about PICC insertion and material 
selection from all five major domains, with intervention characteristics 
and inner setting being the most populated (Table 2), and fewer 
responses in outer setting and implementation processes. Constructs 
were often discussed in an overlapping manner with a total of 16 

constructs identified (additional excerpts are provided in Table 2). 
Findings are presented by domain [dominant construct(s) first] 
followed by less populated constructs; with overlapping constructs 
support statements and exemplar quotes aggregated. For the 
purposes of this evaluation, specific materials will be referred to as 
(1) traditional material, (2) material A and (3) material B.

4.2.1  |  Intervention characteristics

The domain of intervention characteristics was heavily represented 
in the data generated. Key constructs in the domain included 
‘intervention source’ with persistent referral to brand familiarity/
loyalty and influence of tenders/purchasing contracts. There was 
also high- level referencing to evidence- based practice (‘evidence, 
strength and quality’) but detailed discussion about practice 
contraindicated this.

At the moment, because there's not good evidence 
for multiple types of PICCs, we don't have much of an 
opinion on material. 

Inserter, 11 years experience, interview no. 22

Other participants would refer to ‘evidence’ or ‘researcher’ but 
could not cite specifics of a study or guideline. Reference to an ‘ev-
idence base’ was generic. Some participants also referred to prior 
research (e.g. previous trials, pilot trials) and their perceived advan-
tages and disadvantages. The limited ability to site- specific or con-
temporaneous evidence sources demonstrated tensions between 
evidence and real- world practice.

Another construct which participants spoke to was relative ad-
vantage which overlapped with design quality and packaging. Some 
participants suggested perceived preference or advantage with 
different PICC materials; with preferences mostly related to avail-
ability or familiarity. Numerous participants discussed favouritism 
related to PICCs unrelated to material design (antimicrobial/hydro-
phobic properties) such as insertion kits rather than material, for 
example, insertion ease (stiffness of catheter or wire), sheath, PICC 
length, ability to trim, number of lumens, ability to secure/dress, 
kink memory:

We insert [traditional] PICC and it's really easy to 
nurse … similar line to the [material A] PICC, [but eas-
ier] … because of the flexibility and the memory that 
it has. So if you do dress [material A] wrong, you can 
go back and fix the dressing and there's no issue with 
patency of the PICC. If you dress a [traditional] wrong 
it gains a kink memory … if someone's got large arms, 
you've dressed it wrong and it ends up in a crease … 
kinks …. It doesn't matter how you dress it post that; 
it will always have that kink. 
Inserter, Purchaser; 6–10 years experience, interview 

no. 3
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12  |    AUGUST et al.

Intervention trialability was evident on a small scale, with many 
participants reporting having had experience with at least two of the 
intervention devices. The construct of adaptability was discussed in 
relation to clinician/culture/familiarity with device rather than active 
implementation into the environment.

I've worked [with traditional PICCs] … for 20 years 
… exclusively, the only … variation of PICC is when 
there's a shortage of supply. 

Inserter, Purchaser, >15 years experience; interview 
no. 8

Another sub- theme evident was ‘brand familiarity’ such as in a 
universal PICC insertions system that made change difficult due to 
pre- existing practices and loyalty (e.g. one industry system drives 
loyalty through unique system compatibility such as Apple). This 
was exemplified through historical precedent or consistent practice/
product over decades.

We're not beholden to purchasing—we don't have 
purchasing agreements with [supplier] and because 
out volumes [of PICC use] are so high, that's why they 
give us stuff; but we pay full price for everything. I 
think we get a printer for free, but the printer … it is 
absolutely woeful. 
Inserter, Purchaser 6–10 years experience; interview 

no. 3

Otherwise, participants appeared to perceive little difference 
between the material in the intervention types, with few instances 
of describing the actual intervention as complex, implying that PICCs 
were easy to use. Due to the nature of the intervention of compari-
son [PICC/catheter material], discussion of adaptability was minimal 
and inferred when discussing ‘trim- ability’ (cutting to reduce PICC 
length). Participants also reported that adaptation (trimming) was 
limited due to manufacturer guidelines, even when patient factors 
(for children and adults) necessitated ‘trim- ability’. Cost also ap-
peared to be a driving factor for decision- makers who prioritized 
expenditure negating- specific patient needs, for consideration of up- 
front costs versus holistic valuation of devices and outcomes.

If there's a cost benefit for one or the other … I think 
it would be remiss for us to have both [more that one 
PICC] leads to … favouritism towards one or the [other]; 
one will expire and again it's a cost benefit problem. 

Inserter, Purchaser, User, 11 years experience; inter-
view no. 19

I would—if they [decision makers] think this is a great 
idea or—the cost risk benefit is in the favour of the new 
device we would just move over [change practice]. 

Inserter, 10 years experience; interview no. 3

4.2.2  |  Outer setting

The domain of outer setting, was discussed at a granular level with 
patient needs and resources. This specifically focused on the potential 
benefits and patient needs (antithrombogenic PICC for deep vein 
thrombosis or antimicrobial PICC for infection) when weighing up 
intervention versus potential complications.

[PICC] complications … lead to device replacement or 
lots of anti- thrombolytic treatment … they're sold the 
PICC … ‘you don't need another needle again’ … and 
then saying ‘you're getting this needle [sub- cut injec-
tions] because you've got the PICC in’, that can be 
quite confusing … for the [family] and the patients … 
I think it's stressful for the nursing staff … You know, 
inserting a PICC for their treatment and then we're 
stabbing them with a needle because they've got this 
PICC in. 

User, 11 years experience; interview no. 12

The discussion related to outer setting was dominated by device 
choice rather than design or material choice (aim of RCT). Many 
participants concentrated on the advantages and disadvantages of 
PICC devices compared to other vascular access devices (e.g. totally 
implanted devices) or optimal patient resources (refer to inner set-
ting, Section 4.2.3). Additionally, participants described patients on 
the waiting lists, requiring multiple interim PIVCs instead of a timely 
PICC insertion, highlighting cost- effectiveness, staffing limitations 
and suboptimal patient care.

Unfortunately, we don't have a separate PICC depart-
ment … they filter out who's best in best serve [PICC 
insertion] … who is most appropriate depending on if 
there's a time gap in- between cases … 

User, 11 years experience; interview no. 6

The absence of a dedicated PICC department/insertion 
model spoke to the cosmopolitanism construct, but comparison 
with other institutions was rarely explicit. The construct of peer 
pressure further demonstrated the desire for a nurse- led or ded-
icated VA service for some. Additionally, the regular mentions of 
brand familiarity and loyalty (mentioned in adaptability and trial-
ability) demonstrated external policies and incentives. One finding 
unrelated to pre- defined constructs was the mention of chal-
lenges with device material complicated by local and global stock 
shortages, particularly worsened during the COVID- 19 and post- 
pandemic periods.

I think currently with the current evidence, the PICCs 
that we do choose is very dependent on what stock 
we have available. 

Purchaser, 11 years experience; interview no. 9
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4.2.3  |  Inner setting

The domain of inner setting was discussed in the context of structural 
characteristics and culture. As discussed in CFIR (2009), there was a 
significant overlap of constructs. The organization of PICC insertion 
and care, whether as a service or through individual proceduralists 
(medical and/or nursing) shaped the perception of the intervention 
incorporation into individual practice This was especially clear when 
inserters were discipline- specific (Interventional Radiologist vs. 
Nurse) but also related to purchasers (see costs). Service demand and 
device prioritisations (e.g. PICC service and PICC choice a default) 
had the largest impact on service and facility outcomes, rather than 
PICC material. More specifically, if a PICC insertion was not seen as 
part of the core business (e.g. insertion embedded within a larger 
department competing with other procedures) then patients waiting 
for PICC placement added burden on the system.

I think it's just people on the ward now being aware 
the delay in PICC lines … if we think about the pa-
tients in the end and … having a lot of patients need-
ing PICCS and they obviously don't have the staffing 
or the time. 

User, 6 years experience; interview no. 6

The concept of PICC placement burden was contrasted with di-
alogue where PICC insertion/management was embedded and seen 
as the benchmark of quality vascular access care. The remaining 
constructs within the inner setting followed from structural charac-
teristics and culture, rather than being independent. Statement(s) 
related to leadership (key influencers) were mostly related to service 
level PICC choices rather than patient level selection; depending on 
insertion service structure and some interdisciplinary preferences/
differences. The construct of implementation climate was mentioned 
indirectly related to priority for change when discussing key stake-
holders level of engagement and interest. Tension for change includ-
ing the priority for change was related to perceived patient need/
deficit for device rather than material selection. Lastly, networks and 
communications were valued; however, appeared to occur only at fa-
cility level or within specialized vascular access teams rather than 
hospital/service- wide. There was no evidence of state- wide, popu-
lation level (adult or paediatric), speciality level (cancer care, etc.) or 
national practice consensus or networking.

4.2.4  |  Characteristics of individual

Interviewed individual's reported knowledge and beliefs for the 
intervention (internally inconsistent) and self- efficacy mostly 
overlapping with familiarity. Other participants alluded to preferences 
for PICC characteristics based on experience that informed their 
self- beliefs. For example, a preference for a single- lumen PICC, as it 
was as cheap as a double- lumen PICC, or a double- lumen PICC was 
inserted ‘just in- case’ of clinical necessity. Contralaterally,

When PICCs are inserted [with] clinicians familiar with 
PICC insertion … they do generally do a very good job 
of device selection. Sometimes, PICCs are inserted by 
those [less] familiar, and maybe that's when we see 
those decisions that are maybe not as [ideal]—the pa-
tient still receives a PICC. Maybe they got a double 
lumen PICC when maybe we should have looked at a 
single lumen only. 

User, 24 years experience; interview no. 14

Then, is it also ease- of- use for it as well. So there is 
devices that I prefer to use over others, just for famil-
iarity of using them commonly inside that. Having the 
ancillary equipment to make the insertion a bit easier … 

Insert, Purchaser, User, 11 years experience; inter-
view no. 19

These sorts of preconceived beliefs have the risk of influence 
or bias when making PICC material selection. Other participants 
reported unique properties for specific PICC materials, such as 
kink- memory.

We insert the [traditional] PICC and it's really easy to 
nurse. It's probably a similar line to the [material A] 
PICC that's easy to nurse as well because of the flexi-
bility and the memory that it has. 
Inserter, Purchaser 6–10 years experience; interview 

no. 3

Overall, many individuals were sceptical about devices not 
standardly used with preconceived bias. Of note, some of these 
hesitations were related to broader PICC management and the 
health service rather than PICC materials. Participants reported 
superiority and safety knowledge and beliefs for bedside PICC inser-
tion versus medical imaging which demonstrated a divergence of 
practice agility. This was underscored by further knowledge/belief 
statements that PICC insertion versus other vascular device, was 
not seen as an active choice, but rather a last resort. There were 
many statements about product performance and properties; some 
experience- driven, and others urban myths. Interview participants 
mostly referred to self- efficacy in relation to prior experience and 
training.

For the PICCs, we routinely put in the [traditional] 
ones all the time in medical imaging, so we absolutely 
are completely familiar with these and, yeah, we're 
keen on them. I didn't mind the one with the [material 
A] either. 

Inserter, 5 years experience; interview no. 17

Furthermore, despite participants representing diverse and com-
plex experiences and expertise, trial results were dependent on indi-
vidual state of change as many were sceptical of products until they 
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reviewed trial results or specific excuses (e.g. product expiration) 
minimized willingness.

We probably then look at both devices in a trial phase 
… If there's a cost benefit for one or the other, that 
would need to then be factored in … [unlikely to keep 
both PICCs] ongoing, because that then leads to … fa-
vouritism towards one, the other will expire and it's a 
cost problem. 

Inserter, Purchaser, User, 11 years experience; inter-
view no. 19

Few participants appeared to be early adopters or with limited 
knowledge of what was adopted elsewhere (Chopra et al., 2017); and 
most invested in preserving the ‘status quo’. Some participants were 
interested in seeing trial/emerging data, but ultimate considerations 
were related to cost and key decision- makers choices (rather than 
PICC users or managers). Interestingly, participants unanimously de-
scribed that large number of individuals, from differing levels of care, 
and PICC moments (insertion, management and surveillance) were 
required for change; but most importantly, repeated education was 
needed to initiate and support that change.

4.2.5  |  Implementation process

Interview participants confidently reported that key stakeholder 
engagement (as reported in the individuals- involved domain) played 
a vital role in the research and/or implementation process. Key 
stakeholders worked in a variety of disciplines (nursing and medical) 
and participant groups (inserter, manager and purchaser) across 
sites.

Many participants reported vascular access management ser-
vices as the key group to leading policy and quality at the health 
service change; compared to end users (key/experienced inserters). 
Additional key stakeholders discussed included novice end users, 
key management leaders, patient populations (oncology and par-
ents), industry, and interdisciplinary users; with importance placed 
on successful implementation requiring unit/service champions (in-
dividuals dedicated to supporting or driving change) (Damschroder 
et al., 2009).

The executing implementation had repeating elements of com-
prehensive approach/messaging; repeated, sustained, consistent 
information and education which embedded trial results penitent 
to PICC inserters and users. Interestingly, discussion around data 
(evidence) and reflection/evaluation of implementation was stated 
as useful but not important enough to make or initiate change; but 
requested to be provided in a timely manner. The larger issue of rela-
tive cost was often repeated by many (cost- effectiveness) as a higher 
priority than evidence.

It would be good to have a central group … [vascular 
surveillance service] that they could give education … 

[and] a central point for escalation, education, for tri-
als … so that you've got a point of contact for a person 
to say, we would like some education on this, or a new 
dressing, that we've got one person. 

User, 18 years experience; interview no. 7

This fed on from challenges for many in the current feedback 
loop (missing connections), despite the fact that all three hospitals 
had vascular access management and surveillance teams or commit-
tees. This demonstrated that despite the service, not all end users 
were aware of reports and internal structures for review.

4.3  |  Findings from CFIR–ERIC mapping

The 16 CFIR constructs were used for prioritization and mapping if 
they represented an enabler, barrier or both to PICC implementation 
and innovation. Most strategies were represented in the 
implementation process or inner setting and Domains (see Table 3). All 
five domains were represented, but the characteristics of individuals 
were only identified as a barrier, thus demonstrating no current 
enablers in that domain. A total of 15 strategies emerged, with the 
top four strategies identified were within intervention characteristics 
and outer setting comprising of promoting adaptability, accessing 
funding, obtaining consumer feedback and involving patients/
consumers and family members. These 15 strategies were matched 
to six (Waltz et al., 2015) clusters to develop an enhancement plan, 
with three clusters not emerging (inferring no barriers) and were 
subsequently used to develop the implementation of the tool kit 
recommendations in Table 4. The tool kit summary was informed 
from the literature with five applied examples identified and the 
remaining developed by the expert opinion/authorship team. Tool 
kit items included established frameworks or methods such as the 
readiness assessment for change (e.g. organizational readiness 
to change assessment) (Helfrich et al., 2009) or Implementation 
Guide for Surveillance of CLABSI (2016) for auditing and feedback 
provision. Items of the toolkit without examples or existing methods, 
such as consumer engagement networks and local needs assessment 
were derived from expert opinion.

5  |  DISCUSSION

Innovation in PICC materials and design is likely to be iterative, as 
technology, research and industry converge to build and apply new 
technologies. Although clinical trials are preferred, innovations are 
frequently assessed through laboratory studies, followed by post- 
market surveillance to ensure safety (Ullman et al., 2019). However, 
this study has demonstrated that the clinicians, health services and 
key proceduralists (experts) have specific contexts that promote or 
prevent the implementation of alternative products into practice.

One dominant theme in implementation contexts revolved 
around evidence- based practice, often presented as a broad 
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concept. However, tensions arose between applying evidence 
strength and real- world practice. While clinical trials, like the one 
underpinning this study, represent a stride towards implementation, 
additional evaluative and iterative strategies (e.g. quality monitor-
ing and audit/feedback) are essential for progress. This is similar to 
previous studies supporting implementation of medication safety 
through utilization of audit/feedback (Davies et al., 2019) and qual-
ity monitoring for pressure injury prevention (Tayyib & Coyer, 2017). 
Another strong theme was the high level of brand familiarity and 
loyalty, which were tied to purchasing contracts, design quality, fa-
miliarity and packaging. Overcoming brand familiarity may require 
working with industry to consider redesign or adaptable options to 
meet clinician/consumer needs. Furthermore, the ERIC- based im-
plementation strategies recommended focus on the promotion of 
adaptability, patient needs and the integration of key stakeholders. 
These strategies are not unique to vascular access practice needs, 
and a combination of changes that incorporated patient needs and 
staff agility have been useful for intensive care redesigns (Patterson 
et al., 2019), and communication/handover frameworks (Mackie 
et al., 2021).

In this study, it was evident that the choice of PICC material 
played a secondary role within the broader context of PICC insertion 

decisions and vascular access device selection. Any focus towards 
PICC material appeared to be confined to historical preferences, 
self- efficacy or the experience of individualized or specialized in-
serters. Higher priority items discussed by participants for PICC 
material selection were lumen numbers, catheter–to- vein ratio, in-
sertion process similarities and other elements (trim- ability, kink-
ing, insertion wire design and insertion kits). There was less focus 
on patient- focused care delivery, with little mention of consumers 
if not prompted, matching with the need to strengthen outer set-
ting strategies as identified in ERIC (Waltz et al., 2015). A limited 
number of participants appeared to have comprehensive knowledge 
about the entire life cycle of a PICC and its surveillance outcomes 
within their healthcare facility. For most, their familiarity was con-
fined to the specific moment of care delivery (inserters: insertion, 
users: failure and patient impact, purchasers: cost and sustainability 
of product). Those individuals aware of potential benefits or consid-
eration of the patient, were most often advanced practice inserters 
or senior members who were part of surveillance teams. This un-
derscores the importance of alienating PICC material choices with 
broader healthcare delivery decisions until there is robust evidence 
integrated into policy. This is compounded by a delay of research 
translation to practice as seen in the continued use of heparinised 

TA B L E  3  Summary enablers/barriers for PICC material selection.

CFIR domain CFIR construct barriers
CFIR construct 
enabler

CFIR construct 
barrier

Level 1 ERIC strategya (% of 
agreement for greater than 50% 
recommendation)

Intervention characteristics Adaptability ✓ ✓ Promote adaptability (73%)

Cost ✓ Access new funding (72%)

Outer setting Patient needs and resources ✓ ✓ Obtain and use patients/consumers 
and family feedback (76%)

✓ Involve patients/consumers and 
family members (71%)

✓ Conduct local needs assessment 
(57%)

Inner setting Implementation climate ✓ Assess for readiness and identify 
barriers and facilitators (52%)

Culture ✓ ✓ Identify and prepare champions 
(52%)

Networks and Communications ✓ ✓ Promote network weaving (57%)

Organize clinician implementation 
meetings (52%)

Characteristics of individuals Knowledge and beliefs about 
the intervention

✓ Conduct educational meeting (56%)

Implementation process Opinion leaders ✓ ✓ Identify and prepare champions 
(64%)

Key stakeholders ✓ Identify and prepare champions 
(63%)

Reflecting and evaluating ✓ Develop and implement tools for 
quality monitoring (60%)

Opinion leaders ✓ ✓ Inform local opinion leaders (57%)

Reflecting and evaluating ✓ Audit and provide feedback (56%)

Abbreviations: CFIR, Consolidated Framework for Implementation Research; PICC, peripherally inserted central catheter.
aExpert Recommendations for Implementation Change (ERIC) strategies may enhance the uptake of changing or selecting between PICC materials.
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saline for central devices despite low- quality evidence (Lopez- Briz 
et al., 2022). Therefore, the local context for implementation, PICC 
insertion and monitoring models is vital when considering PICC 
practice change and translation of trial results.

Clinicians isolated awareness of PICC moments, highlights the 
need to support networking (inner setting) and implementation pro-
cess; also identified in the ERIC mapping. If purchasing a PICC is not 
a priority of health service delivery or is not aligned with of core 
objectives, the choice of PICC material becomes a secondary con-
cern, potentially leading to patient needs or individualized health-
care taking a back seat. falling behind (Chopra et al., 2015; Schults 
et al., 2022; Ullman et al., 2020). This could be associated with a 
lack of organizational or regional (service or state- based) opportu-
nity to benchmark complication or failure rates to consider the need 
for innovation. Many inserter participants commented they did not 
know the exact failure rate, causes and contributing factors. Further, 
participants highlighted that there was a lack of feedback from past 
monitoring and surveillance in relation to prior PICC failure and 
innovation.

Feedback and review might be possible; however, the entrenched 
beliefs or self- assurance of individuals regarding familiar PICC materi-
als during insertion could serve as the largest barrier to future change. 
Interestingly, this study did not identify strong ties with external policy 
as a theme which may be unique to this study setting. This is in contrast 
to the dominant North American focus on CLABSI prevention and for-
malized structures for complications of vascular access (both throm-
bosis and CLABSI) (Milella et al., 2021). Therefore, as Damschroder 
et al. (2009) propose regarding Rogers' Diffusion of Innovations (in-
novators and early adopters vs. laggards) (Damschroder et al., 2009), 
decisions about PICC materials and related innovations need interdis-
ciplinary consultation or collective assessment to address varying lev-
els of confidence in the insertion process.

5.1  |  Implications and lessons from ERIC CFIR

The ERIC–CFIR mapping demonstrated that while barriers existed, 
strategies to overcome implementation challenges were reliant on 
local audit data and key stakeholders' readiness for change. Despite 
an innovative material PICC appearing straightforward practice 
change, due to its fixed nature throughout treatment compared to 
the insertion procedure, this study demonstrates more contextual 
challenges (see examples in Table 4). Fostering support within the 
inner setting, before, during and after the change, would be crucial 
for ensuring successful implementation. For example, engaging local 
key stakeholders in the development of quality monitoring tools and 
implementing continuous audits and feedback on PICC performance. 
Moreover, despite not identifying changes in infrastructure and 
interactive support, it was evident that funding sources were important 
when attempting to start and sustain changes to practice. Lastly, as 
most healthcare facilities do not have implementation experts as part 
of core clinician staff, this study also generated recommendations 
and a refined toolkit of implementation strategies, to optimize end of 

study translation of findings into policy and practice for use at local 
and wider facility locations post- RCT result dissemination.

5.2  |  Strengths and limitations of the work

This work has limitations. In particular, it is based on a single country 
setting and inclusive of clinicians who were already influenced 
by the trial(s) in their service. It is possible that this participation 
influenced their opinions of alternative products. Additionally, 
all health services involved are Australian and publicly funded, so 
financial motivators in alternative funding systems (e.g. private) are 
likely to be significantly different.

Equally, this project has considerable strengths. It is a robust 
qualitative exploration, using high- quality methods, that pragmat-
ically focuses on the development of a product- agnostic toolkit 
for implementation. The CFIR and ERIC strategies could easily be 
applied to many different products, as technology continues to 
evolve. Additionally, we included a variety of stakeholder opinions 
from across traditional disciplines from paediatric and adult settings, 
rather than focusing on the disciplines that have control over device 
selection and material in current healthcare settings.

5.3  |  Recommendations for further research

Since many of the alternative and traditional PICCs evaluated in the 
parent trial are utilized across health service(s), they could represent 
real, rather than perceived, barriers and facilitators. Exploring 
these aspects prospectively is crucial. Moreover, while patients and 
families were not interviewed in this study, their inclusion in future 
research could offer valuable insights into the impact of materials 
throughout the lifespan of both patients and devices. This would 
shed light on how materials affect patients and devices, benefiting 
industry and clinicians alike.

5.4  |  Implications for policy and practice

Understanding the intricate dynamics surrounding the choice 
of PICC materials within healthcare settings unveils pivotal 
implications for both policy and practice. The observed reliance on 
familiar products, influenced by historical preferences and individual 
beliefs, underscores the need for policy frameworks that promote 
the integration of evidence- based decision- making. Policy measures 
should support interdisciplinary consultations, acknowledging the 
varying levels of confidence among practitioners regarding new 
material adoption. Moreover, healthcare facilities should recognize 
the significance of funding sources for implementation (alternative 
PICC materials) and the need for financial support aligned with 
practice transformations. Incorporating patient and family 
perspectives within policy considerations, unexplored in this study, 
would provide a comprehensive understanding of material impacts 
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across the patient and device lifespan, enlightening industry and 
clinicians alike. This holistic approach could shape policies conducive 
to fostering acceptance of innovative materials, ultimately enhancing 
patient care and outcomes within healthcare practices (Wang 
et al., 2019).

6  |  CONCLUSION

Clinical trial evidence is important, but in this area of healthcare 
decision- making and practice, new evidence does not ensure 
practice change. It is vital that local contexts are considered, 
especially resourcing. Our study demonstrated the implementation 
contexts in the Australian health environment and has provided a 
practical toolkit of strategies that can be readily employed when 
implementing alternative PICC materials and designs. These must 
include evaluative strategies (e.g. audit/feedback from consumers 
and clinicians, local needs assessment) adaptation (e.g. tailoring 
insertion kits to meet local needs) and the development of key 
stakeholder relationships (e.g. local and network opinion leaders). 
PICC material and design will continue to innovate through the 
convergence of technology, research and industry often through 
health services- focused research. Having a comprehensive 
understanding of clinicians and proceduralist- specific contexts 
that dictate the adoption of evolving products and practice, thus 
underpinning the steps needed to bridge the evidence- practice gap.
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