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ARTICLE INFO ABSTRACT
Article history: Background: Around 1 billion peripheral intravenous catheters (PIVC) fail annually worldwide before pre-
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avoidable costs surging to ~€4bn. We aimed to provide an international consensus on relevance and fea-
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sibility of clinical practice guideline recommendations to reduce PIVC failure.
Methods: e-Delphi study with three rounds through an online questionnaire from March-September 2020

Keywords: e . . s . .

Catheter-related infections recruiting a multispecialty panel formed by clinicians, managers, academic researchers, and experts in
Failure implementation from seven developed and three developing countries, reflecting on experience in PIVC
Adverse events care and implementation of evidence. Further, we included a panel of chronic patients with previous ex-
Clinical decision making perience in the insert, maintenance, and management of PIVC and intravenous therapy from Ireland and
Peripheral Venous Catheterization Spain as public and patient involvement (PPI) panel. All experts and patients scored each item on a 4-point
Clinical practice guideline Likert scale to assess the relevance and feasibility. We considered consensus descriptor in which the median

was 4 with less than or equal to 1,5 interquartile intervals.

Findings: Over 90% participants (16 experts) completed the questionnaire on all rounds and 100% PPI (5
patients) completed round 1 due to high consensus they achieved. Our Delphi approach included 49 de-
scriptors, which resulted in an agreed 30 across six domains emerged from the related to (i) general asepsis
and cutaneous antisepsis (n = 4), (ii) catheter adequacy and insertion (n = 3), (iii) catheter and catheter site
care (n = 6), (iv) catheter removal and replacement strategies (n = 4), (v) general principles for catheter
management (n = 10), and (vi) organisational environment (n = 3).

Conclusion: We provide an international consensus of relevant recommendations for PIVC, deemed feasible
to implement in clinical settings. In addition, this methodological approach included substantial re-
presentation from clinical experts, academic experts, patient and public expertise, mitigating uncertainty
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during the implementation process with high-value recommendations to prevent PIVC failure based con-
textual and individual features, and economic resources worldwide.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/

4.0)).

Background

Peripheral intravenous catheters (PIVC) are used in health care
settings for short-term clinical treatment of inpatients, with around
2 billion devices inserted annually worldwide [1,2]. For most pa-
tients, a PIVC would be their first invasive vascular access device.
These devices are not without complications and failure, which are
common, and include phlebitis (owing to extreme pH of infusion),
extravasation (tip position and movement in the vein), occlusion, or
infectious events [3]. Between 40% and 70% of PIVCs removals in
hospitalised patients are premature and unplanned [4,5]. Further,
extravasations are one of the most frequent contributors to PIVC
failure, leading to dissatisfaction among healthcare professionals,
and resulting in a poor care experience for patients [5,6]. Catheter-
related bloodstream infections (CRBSI) are, in addition, serious yet
preventable adverse events for patients. Specifically, the incidence of
PIVC-CRBSI is 0-1% or 0-5 per 1000 catheter-days [ 7], with a high cost
in terms of morbidity and mortality [8-10]. Despite the importance
of optimal PIVC care strategies which focus on the different tech-
nologies used (for example, device material, dressing, fixation, add-
ons, etc), the professional’s skills during insertion, use, and care, and
intrinsic factors linked to the patient (body’s response, activity) [11],
PIVC failure remains at unacceptable rates [3,12].

Implementation science promotes the adoption and integration
of the best available research results to influence change, improving
care quality and cost-effectiveness [13]. To date, healthcare systems
benefit from advances in knowledge generated by international re-
search, which can increase interest in implementation science [14].
More recently, studies incorporating multimodal interventions have
successfully reduced PIVC failure rates and the incidence of PIVC-
related bloodstream infections [13,15,10] These interventions have
typically included components such as improved education about
device use, feedback and academic detailing, involvement of
‘champions’ and key behaviour role models, and support from in-
stitutional leaders. The implementation of these multimodal inter-
ventions has the potential to release up to €3.9 billion in
unnecessary costs and resources associated with the treatment of
PIVC failures and infections [13].

Clinical practice guidelines (CPG) play a crucial role supporting
clinicians who insert, care, and maintain PIVCs, integrating the best
available scientific knowledge, clinical expertise, and patient pre-
ferences so healthcare professionals and patients make shared de-
cisions about the appropriate care and experience of PIVCs [16,17].
However, healthcare professionals can experience challenges to keep
up to date with such niche knowledge due to the high volume and
variable quality of evidence generated over the last decades [18,19].
Nevertheless, whilst the availability of CPGs can aid clinical decision-
making, the chasm between evidence and practice remains, with
one in two effective interventions never adopted by healthcare
professionals in practice [20]. The underlying determinants of such
limited adoption may include prior experience, intuition, and per-
ceptions shaping clinical judgement and decision-making [21]. Fur-
ther, both clinicians and policymakers may be uncertain or have
divergent beliefs about the feasibility of the interventions and
measures to be implemented, or it may be difficult for them to
combine perceptions about the impact and feasibility of the re-
commendations, perhaps engaging in a cognitive appraisal of the
impact/feasibility ratio [22,23].

1995

We argue that an ineffective knowledge translation into clinical
practice threatens the safety and quality of care. Given the sig-
nificant use of PIVCs in healthcare, a global perspective on CPGs is
necessary. Therefore, this study aims to provide an international
consensus-driven decision tool on the relevance of CPG re-
commendations for the insertion, maintenance, and management of
PIVC to reduce catheter failure and infections, together with feasi-
bility for implementation in clinical practice worldwide.

Methods
Design

We conducted e-Delphi consensus with a multispecialty panel of
experts from different developing and developed countries to canvass
their opinions on recommendations for insertion, maintenance, and
management of PIVCs to reduce PIVC failure and infectious compli-
cations, ranking measures for their relevance and feasibility of im-
plementation of recommendations from clinical practice guidelines.
This method engages in an iterative and systematic process to refine
expert views after each round of data collection through shared
feedback (24), achieving high reliability through consensus [24,25].
Each round was available for three weeks, with a follow-up message
to experts who did not respond to the questionnaire. Between each
round, there was an interval of 7 - 14 days. Prior to the first round, the
collection of recommendations derived from the review of the CPG
related to the prevention of PIVC complications was extracted
[26-28]. A further potential benefit of the method is the meeting of
geographically dispersed experts on a single panel while maintaining
their anonymity [24]. Simultaneously to e-Delphi consensus with a
multispecialty panel of clinical and academic experts, we conducted
one round with patient and public involvement (PPI) panel members
from Ireland and Spain. The panel survey and implementation feasi-
bility of this study were done between March 15 to September 30,
2020. The protocol was approved by Research Ethic Committee of the
Universitat de les Illes Balears (146CER20).

Panel recruitment

We used intentional and ‘snowball’ sampling (non-probability
sampling technique) to recruit participants [25]. We included experts
from Europe, America, Africa, and Oceania ( seven developed and
three developing countries), reflecting on their experience in vascular
access and implementation of evidence, including knowledge of in-
sertion, maintenance and management of care related to PIVCs from
their different cultural, socio-political, and healthcare contexts.

We identified potential clinical panel members with a minimum
of ten years of expertise in vascular access and/or previous partici-
pation in other similar expert panels. To be eligible, academic ex-
perts who were predominantly researchers had to have at least five
scientific publications in vascular access. The pool of experts was
balanced according to the following profiles: 1) Clinicians (nurses,
physicians, vascular access specialist team professionals); 2)
Managers or other staff implicated in decision-making; 3) Hospital
infection prevention and control professionals; and 4) Academic
researchers and experts in implementation science.
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We selected members of the expert panel, meeting the estab-
lished inclusion criteria. These members then proposed potential
participants using the snowball technique. All individuals were
contacted via email and classified through a self-assessment of
professional role. We proposed to recruit 4-5 experts for each ca-
tegory, expecting between 16 and 20 participants, and we finally
recruited 17. All participants provided written consent prior to par-
ticipation and following an email with the relevant information
about the study, allowing them to have any questions clarified about
the study.

Patient and public involvement (PPI).

This study included PPI representatives who were chronic pa-
tients with previous experience in the insert, maintenance, and
management of PIVC and intravenous therapy from Ireland and
Spain participated in Round 1. On the other hand, we reviewed and
provided feedback about our study design, interpretation and write
up of results. The study group planned to communicate the research
findings to patients and citizens via press releases in suitable lan-
guage, and health care professionals and researchers via presenta-
tions at an international scientific congress on vascular access.

Data collection

First round of the questionnaire

Between January - March 2020, we compiled an initial set of
measures through a systematic review [26], the book Vessel Health
and Preservation: The Right Approach for Vascular Access [27], and
the Infusion Therapy Standard of Practice [28].

In this Delphi first round, we included six domains and 49 de-
scriptors through an online questionnaire, administered with a
survey and reporting tool, SurveyMonkey, (Momentive, California).
Panellists entered separately using a link and/or QR code sent in the
email. Furthermore, we included an open question inviting experts
to offer additional suggestions. In parallel with this, we included 5
PPI for completing this first round to provide feedback about the
finding interpretations.

Second round of the questionnaire

We analysed the results of the first round and returned them to
the panel members for their interpretation and feedback.
Descriptors which did not reach meet the minimum threshold of
consensus were removed or modified according to the suggestions
and recommendations of the experts. We then sent the second
round of the questionnaire to the experts, coupled with an open
question for their evaluation of any descriptors amended or added.

Additional rounds

After two rounds, we conducted an additional and focused round
to clarify the answers of participants to descriptor number two.

Analysis

To ensure the consideration of contextual information and eco-
nomic resources specific to their country or region in formulating
their responses, we instructed the panel members to analyse the
relevance and implementation feasibility of each item according to
the construct definition of this study, scoring on a 4-point Likert
scale, from 1 (little relevance or low feasibility) to 4 (highly relevant
or feasible) in reducing PIVC failure. All panel members voted on the
relevance of the recommendations and the feasibility of their im-
plementation.
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We carried out a descriptive analysis of responses to our de-
scriptors which were performed. We used median and the inter-
quartile ranges to assess the voting of the relevance of
recommendation and feasibility for implementation. Moreover, we
used interquartile ranges to represent the dissemination of the data
and evaluate the level of consensus by descriptor. We considered a
significant consensus descriptor in which the median was 4 (i.e., a
high level of agreement) with a small (less than or equal to 1,5)
interquartile interval. Moreover, we explored qualitative responses
using content analysis [29]. Therefore, we eliminated descriptors
with a result below three points on the relevance and feasibility and
interquartile range more than to 1,5 after each round, being con-
sistent this statistical analysis with previous studies [30-32]. Data
were analysed using SPSS IBM Statistics version 25.

Results

Of the 17 expert panel members who agreed to take part, 16
(94.1%) completed the questionnaire on the first round, with 16
(100%) completing rounds two and extra. Simultaneously, the five
PPI panel members participated (100%) and completed round 1
survey. The flow of Delphi rounds and participants is presented in
Fig. 1. The characteristics of the expert panel are described in Ap-
pendix, Table S1.

Round 1 questionnaire results

The 16 expert panel members who responded to round one
achieved high levels of agreement on 47 descriptors with score
means in the strong range of agreement for relevance, and 44 de-
scriptors for feasibility (3 or 4 on the four-point Likert scale). The
strength of agreement related to relevance was high for 45 de-
scriptors (IQR < 1.5), but lower for 4 descriptors; in terms of feasi-
bility, it was high for 30 descriptors (IQR < 1.5), but lower for 19
descriptors (Appendix, table S2).

Identification of expert panel members

Assessed for eligibility (n=17
experts and 5 patients)

» | Noresponse (n=1)

Complete (n=16 experts
and 5 patients)

Lost to follow-up (n=0)

Round 2 and
extra

Complete (n=16)

Lost to follow-up (n=0)

Fig. 1. The flow chart of Delphi rounds and participants.
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Qualitative content analysis of open-ended responses identified 7
descriptors, which were removed (Appendix, Table S3). 21 de-
scriptors (including the descriptor above for which the strength of
agreement was low) were amended in the light of qualitative feed-
back (Appendix, Table S3). These amended descriptors were taken
forward to the round 2 survey (in total 42).

Round 1 questionnaire results of PPl panel members

Of the five PPI panel members who responded to round 1 of the
survey, there were high levels of agreement for all descriptors with
means in the strong range of agreement for relevance and 47 de-
scriptors for feasibility (3 or 4 on the four-point Likert scale). The
strength of agreement related to relevance was high for 43 descriptors
(IQR = 1.5), but lower for 6 descriptors; and related to feasibility was
high for 37 descriptors (IQR < 1-5), but lower for 12 descriptors
(Appendix, table S2). We detected some inconsistencies in the find-
ings of 2 descriptors among PPI and clinic and academic experts.

Round 2 questionnaire results

Sixteen participants (100%) responded to the second round.
There were high levels of agreement for 40 descriptors, with med-
ians in the strong range of agreement for relevance and 26 de-
scriptors for feasibility (4 on the four-point Likert scale) (Appendix,
Table S4). The strength of agreement related to relevance was high
for all 42 descriptors (IQR < 1-5). However, the strength of agreement
related to feasibility was high for 28 descriptors (IQR < 1-5), but
lower for 12 descriptors (Appendix, table S4).

Qualitative content analysis of open-ended responses identified a
new descriptor, i.e., ‘Aseptic technique using sterile gloves for insertion
and care of the short peripheral intravenous catheter and midline ca-
theter, and aseptic technique using clean gloves when intravenous
therapy is administered’. This descriptor was amended in light of the
feedback (Appendix, Table S5), and included in an extra round of the
survey with three new descriptors to ensure accuracy and clarity.

Extra round questionnaire results

Sixteen participants (100%) responded to the extra round. There
were high levels of agreement for three descriptors, with medians in
the strong range of agreement for relevance and three descriptors for
feasibility (4 on the four-point Likert scale). The strength of agree-
ment related to relevance was high for all three descriptors, both
relevance and feasibility (IQR < 1-5) (Appendix, table S6).

Finally, 30 descriptors (Table 1) were selected as the consensus
by the expert panel members, as relevant for reducing PIVC failure
and feasible for implementation in any clinical setting worldwide.

Discussion

To our knowledge, this is the first consensus using the e-Delphi
approach with patient representatives, and clinical and academic
experts from an extensive geographical location, reporting on the
relevance and feasibility of clinical practice recommendations to
reduce complications from PIVC failure. The systematic and iterative
process resulted in high levels of expert agreement on the six do-
mains of clinical practice, thus conforming to the best available
knowledge and skills required for optimal PIVC care. The REFERENCE
study offers clear recommendations for implementation in clinical
contexts, approaching the best available evidence more directly to
clinicians. Additionally, the experts appraised the implementation
feasibility of the high-value recommendations based on contextual
features and economic resources worldwide.

1997
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Table 1
Expert Consensus of interventions to reduce PIVC failure and infections.

Domain one: General asepsis and cutaneous antisepsis

1. Hand hygiene with an alcohol-based hand rub for 20-30s or liquid soap and
water for 40-60s if soiled or potentially contaminated with blood or body
fluids, before and after any contact with the peripheral intravenous catheter or
insertion site, following WHO recommended hand hygiene standards.

2. The aseptic non-touch technique (ANTT) using clean gloves for insertion and
care of the short peripheral intravenous catheter and aseptic technique using
clean gloves when intravenous therapy is administered.

3. The aseptic non-touch technique (ANTT) using sterile gloves for insertion and
care of the midline catheter and aseptic technique using clean gloves when
intravenous therapy is administered.

. Cutaneous antisepsis at the insertion site with a single-use application of
chlorhexidine gluconate greater than 0.5% in 70% isopropyl alcohol (or
povidone-iodine in alcohol or 70% isopropyl alcohol for patients with
sensitivity to chlorhexidine) allowing to dry for at least 30s, if the
manufacturer recommendations indicate, before inserting the peripheral
intravenous catheter.

Domain 2.- Catheter adequacy and insertion: selection of catheter type and

insertion site
1. Do not use of a peripheral intravenous catheter for perfusions with osmolarity

> 800 mOsm/L, or the administration of irritant or vesicant medications.

Selection of the appropriate peripheral intravenous catheter insertion site,

assessing risks for infection, against the risks of mechanical complications and

patient comfort unless clinically contraindicated or in an emergency.

. Use of the upper extremity, preferably the forearm (for short peripheral
intravenous catheter insertion) and the arm (for midline insertion) unless
clinically contraindicated.

Domain 3.- Catheter and catheter site care
1. Use of a sterile, transparent, semi-permeable polyurethane dressing to cover the
intravascular insertion site.

. Application of a sterile, transparent, semi-permeable polyurethane dressing
without stretching it to prevent medical adhesive-related skin injuries.

. Change of transparent, semi-permeable polyurethane dressings every 7 days, or
sooner, if it is no longer intact or if moisture collects under the dressing.

. Use of a sterile gauze dressing if the patient has profuse perspiration or if the
insertion site is bleeding or leaking, and change at least every 48 h, or when
inspection of the insertion site is necessary, or when the dressing becomes
damp, loosened, or soiled.

. Use of the stretching technique, from outline to centre, in the removal of the
transparent polyurethane dressing to avoid skin injuries.

. Application of single-use of chlorhexidine gluconate greater than 0.5% in 70%
isopropyl alcohol (or povidone-iodine in alcohol for patients with sensitivity to
chlorhexidine) to decontaminate the peripheral intravenous catheter insertion
site during dressing changes and allow to air dry.

Domain 4.- Catheter removal and replacement strategies
1. Inspection of the peripheral intravenous catheter insertion site at a minimum

during each shift, recording the Visual Infusion Phlebitis score and/or

infiltration score and/or any complications.

Removal of the peripheral intravenous catheter when complications occur, or as

soon as it is no longer required.

. Removal of the peripheral intravenous catheter when clinically indicated and

not routinely unless device-specific recommendations from the manufacturer

indicate otherwise.

Surveillance for the occurrence of unexplained fever or pain at the insertion

site, examining for the occurrence of redness, erythema, or inflammation.

Domain 5.- General principles for catheter management
1. Use of sterile normal saline for injection to flush and lock catheter lumens that
are accessed frequently.

. Flushing of the peripheral intravenous catheter lumen with sterile normal
saline with at least twice the volume of the catheter (and add-on devices),
through push-stop-push technique.

. Application of a single-use of chlorhexidine gluconate greater than 0.5% in 70%
isopropyl alcohol (or only 70% isopropyl alcohol for patients with sensitivity to
chlorhexidine) to decontaminate the access port or catheter hub, cleaning for a
minimum of 15s and allowing to dry before accessing the system.

. Do not routinely use of antimicrobial lock solutions to prevent catheter-related
infections.

. Do not routinely administer systemic antimicrobials before insertion or during
the use of a peripheral intravascular device to prevent catheter colonisation or
bloodstream infection.

. Do not use of systemic anticoagulants routinely to prevent catheter-related
bloodstream infection.

. Do not replace administration sets in continuous use more frequently than
every 96 h and up to 7 days unless device-specific recommendations from the
manufacturer indicate otherwise or disconnect or replace the intravascular
access device.

2.

2.

4.

~

(continued on next page)
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Table 1 (continued)

8. Change of the administration sets for blood components when the transfusion
episode is complete or every 12 h, whichever is sooner.
Change of administration sets used for lipid-containing parenteral nutrition
every 24 h.
Use an extension tubing, preferably with a neutral displacement needleless
connector instead of a three-way connector or bifurcated extension tubing
connected to the peripheral intravenous catheter for treatment.
Domain 6.- Organisational environment

1. Record of peripheral intravenous catheter status including insertion process,
assessment of insertion site and functionality.
Record of peripheral intravenous catheter removal reason in the patient’s health
record.
Implementation of a protocol of intravenous therapy procedures in the hospital
units.

9.

10.

2.

3.

The results of our Delphi study show specific and well-described
recommendations addressing the insertion, adequacy, maintenance,
management, and removal of PIVCs, plus organisational environ-
ment recommendations. We observed descriptors that are strong
enough to be considered as high-value recommendations for im-
plementation in clinical settings. Clinical and academic experts and
patients provided the recommendations with high scores in terms of
relevance and feasibility, which have not been achieved before in
similar studies of this magnitude [33,34]. Hand hygiene, cutaneous
antisepsis with chlorhexidine gluconate greater than 0-5% in 70%
isopropyl alcohol, and the aseptic non-touch technique are the most
effective measures for reducing the risk of CRBSI during the pre-
paration of the insertion site, maintenance, and management of
PIVCs [13,35,36]. Furthermore, the selection of the appropriate per-
ipheral intravenous catheter insertion site, preferably the forearm
for short PIVC and the arm for midline, optimal PIVC maintenance
with use of transparent polyurethane dressing, defined flushing
technique, and visual inspection of insertion site at a minimum
during each shift removing when clinically indicated are additional
solid recommendations in terms of relevance and feasibility for re-
ducing all-cause PIVC failure [13,37]. Nevertheless, some of these
recommendations related to PIVC care may unavoidably modify in
the coming years due to the continuous introduction of technolo-
gical and behavioural innovations in clinical practice.

The appraisal of feasibility of implementation in clinical practice
of the recommendations was one of the areas with lowest agree-
ment among the experts. This uncertainty may be influenced by
individual, social, and context determinants, which fuels suboptimal
care of PIVCs [G] and impacts in the funding capacity of their health
service systems [38]. In this regard, contextual information from
multiple organisational levels is needed to warrant effective
knowledge mobilisation [39]. The lack of agreement observed be-
tween stakeholders may be present in clinical settings and may be
able to explain the scarce progress preventing complications related
to intravenous therapy seen at the health systems level. This feasi-
bility of implementation is a relevant aspect to explore further,
considering the contextual differences between developing and de-
veloped countries. Despite this, we discovered in our study a high
variability in the response of experts from developing and developed
countries.

Additionally, the responses from academic and clinical stake-
holders and those of patient representatives diverged in some areas.
For example, patients rated the recommendation 'A healthcare pro-
fessional should not spend more than 25 min for successful cannulation
of the peripheral intravenous catheter’ as very relevant but of low
feasibility. However, clinical and academic experts rated this de-
scriptor as low in both relevance and feasibility for implementation
due to the lack of evidence. We also found disagreement between
these groups regarding the recommendation 'Removal of the un-
necessary peripheral intravenous catheter when intravenous treatment
is not administered after 24 h’. The descriptor was rated by clinical

1998
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and academic experts as high in relevance. Yet, some patients may
consider this item as low in relevance. This response might be in-
fluenced by impoverished experience during the last admission, i.e.,
numerous attempts and punctures during the insertion of PIVC,
which resulted in pain and stress experience when was required the
restart of intravenous therapy once removed. [5,40]. This scenario
highlights how patient involvement may not receive significant at-
tention during PIVC care decision-making. In this regard, health
literacy in vascular access is needed for patient empowerment in
self-care and shared decision-making for preventing PIVC failure and
infections. In some countries, this is an emerging approach to re-
search enquiry in others accepted as necessary and commonplace
[27,41]. More studies are needed that integrate the patient experi-
ences for improving decision-making related to the care of PIVCs.
Therefore, we consider that this methodological approach may re-
duce the uncertainty concerning the nature of recommendations for
optimal decision-making of PIVC care, improving the credibility of
evidence and supporting the implementation process.

The main strengths of this study include the participation of an
international panel of multidisciplinary clinical experts and patient
representatives, who actively engaged in the process as suggested by
the excellent response rate, and that it summarises the most re-
levant and feasible recommendations for supporting the im-
plementation of new safety and quality strategies. This Delphi study
has some limitations which must be considered before interpreting
the results. We used a purposive and snowball sampling methods to
recruit participants with a broad expertise in vascular access man-
agement including experience in implementation, adoption, and
diffusion of clinical interventions, and therefore equipped to con-
sider feasibility challenges. However, as we included a limited par-
ticipants from each country, the full spectrum of stakeholders
involved in clinical and implementation decisions in practice may be
unrepresented.

In conclusion, our Delphi study provides a consensus based on
the summary of the most relevant and feasible recommendations
related to the insertion, adequacy, maintenance, management, and
removal of PIVCs, exploring the relevant contributing characteristics
of the organisational climate. Implementing the REFERENCE con-
sensus will help to appraise knowledge gaps and the impact of
missed care within PIVC care. Future research should be necessary to
define optimal clinical practices to ameliorate the uncertainty be-
tween different organisational levels during the implementation
process, integrating the experiences of patients, the expertise of
healthcare professionals, and the views of decision-makers.

Authors’ contributions

IB-M and CP-L are the principal investigators of the study. All
authors contributed to the original idea and design of the study. All
authors are responsible for the conduct of the study. Only IB-M and
CP-L had full access and verified to all data. IB-M prepared the first
draft of the manuscript. IB-M, CP-L, JDP-G and EC-S provided sta-
tistical expertise, revising findings of the primary statistical analyses.
All authors provided critical commentary on drafts and approved the
final manuscript.

Funding

This study was funded by The College of Nurses of the Balearic
Islands under award number PI2019/0287. The findings and con-
clusions in this study are those of the authors and do not necessarily
represent the official positions of The College of Nurses of the
Balearic Islands. ECS is affiliated with the National Institute for
Health Research Health Protection Research Unit in Healthcare
Associated Infection and Antimicrobial Resistance at Imperial
College London in partnership with Public Health England. The



1. Blanco-Mavillard, C. Personat-Labrador, E. Castro-Sdnchez et al.

views expressed are those of the authors and not necessarily those of
the NHS, the NIHR, the Department of Health, or Public Health
England.

Declaration of Competing Interest

The authors declare the following financial interests/personal
relationships which may be considered as potential competing in-
terests: Celia Personat Labrador reports financial support was pro-
vided by The College of Nurses of the Balearic Islands.

Acknowledgements

We sincerely thank Dr Vinneet Chopra, Dr Nancy Moureau, Dr
Gillian Ray-Barruel, Dr Evan Alexandrou, Ms Eliazib Nataren, Dr
Adriana Felix, Dr Andy NH Bulabula, Mr Rafael Gonzélez, Mr Paulo
Costa, Dr Maria Jesds P é rez-Granda, Mr Jesus Bujalance-Hoyos, Ms
Gloria Ortiz, Dr Alvisa Palese, Mr Davide Giustivi, Mr Andrew Barton,
and Dr Frederick Van Loon for their support in this international
Delphi study. We would also like to sincerely thank all the patients
for their crucial assistance.

Ethical approval and consent to participate

The research ethic committee of the Universitat de les Illes
Balears approved this study (146CER20).

Consent for publication

This manuscript does not contain data from any individual
person.

Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.jiph.2023.10.004.

References

[1] Alexandrou E, Ray-Barruel G, Carr PJ, Frost SA, Inwood S, Higgins N, et al. Use of
short peripheral intravenous catheters: characteristics, management, and out-
comes worldwide. ] Hosp Med 2018:13. https://doi.org/10.12788/jhm.3039
European Centre for Disease Prevention and Control. Point prevalence survey of
healthcare-associated infections and antimicrobial use in European acute care
hospitals — ECDC PPS validation protocol version 3.1.2. Stockholm: ECDC: 2019.
[3] Zingg W, Pittet D. Peripheral venous catheters: an under-evaluated problem. Int
] Antimicrob Agents 2009;34:538-42. https://doi.org/10.1016/S0924-8579(09)
70565-5

Blanco-Mavillard I, Rodriguez-Calero MA, de Pedro-Gémez ], Parra-Garcia G,
Fernandez-Fernandez I, Castro-Sanchez E. Incidence of peripheral intravenous
catheter failure among inpatients: variability between microbiological data and
clinical signs and symptoms. Antimicrob Resist Infect Control 2019;8:124.
https://doi.org/10.1186/s13756-019-0581-8

Marsh N, Webster ], Larsen E, Cooke M, Mihala G, Rickard CM. Observational
study of peripheral intravenous catheter outcomes in adult hospitalized pa-
tients: a multivariable analysis of peripheral intravenous catheter failure. ] Hosp
Med 2017;13:83-9. https://doi.org/10.12788/jhm.2867

Blanco-Mavillard I, Castro-Sdnchez E, Parra-Garcia G, Rodriguez-Calero MA,
Bennasar-Veny M, Fernandez-Fernandez I, et al. What fuels suboptimal care of
peripheral intravenous catheter-related infections in hospitals? A qualitative
study of decision-making among Spanish nurses. Antimicrob Resist Infect
Control 2022;11:105. https://doi.org/10.1186/s13756-022-01144-5

Maki DG, Kluger DM, Crnich CJ. The risk of bloodstream infection in adults with
different intravascular devices: a systematic review of 200 published pro-
spective studies. Mayo Clin Proc 2006;81:1159-71. https://doi.org/10.4065/81.9.
1159

Raad I, Hanna H, Maki D. Intravascular catheter-related infections: advances in
diagnosis, prevention, and management. Lancet Infect Dis 2007;7:645-57.
https://doi.org/10.1016/S1473-3099(07)70235-9

Centers for Disease Control and Prevention (CDC). Vital signs: central line--
associated blood stream infections—United States, 2001, 2008, and 2009. Ann
Emerg Med 2011;58:447-50. https://doi.org/10.1016/j.annemergmed.2011.07.
035

[2

(4]

[5

6

[7

8

[9

1999

Journal of Infection and Public Health 16 (2023) 1994-2000

[10] Saliba P, Hornero A, Cuervo G, Grau I, Jimenez E, Garcia D, et al. Mortality risk
factors among non-ICU patients with nosocomial vascular catheter-related
bloodstream infections: a prospective cohort study. ] Hosp Infect
2018;99:48-54. https://doi.org/10.1016/j.jhin.2017.11.002

Zingg W, Barton A, Bitmead ], Eggimann P, Pujol M, Simon A, et al. Best practice
in the use of peripheral venous catheters: a scoping review and expert con-
sensus. Infect Prev Pract 2023;5:100271. https://doi.org/10.1016/j.infpip.2023.
100271

Marsh N, Webster ], Ullman AJ, Mihala G, Cooke M, Chopra V, et al. Peripheral
intravenous catheter non-infectious complications in adults: A systematic re-
view and meta-analysis. ] Adv Nurs 2020;76:3346-62. https://doi.org/10.1111/
jan.14565

Blanco-Mavillard I, de Pedro-Gémez JE, Rodriguez-Calero MA, Bennasar-Veny M,
Parra-Garcia G, Fernandez-Fernandez 1, et al. Multimodal intervention for pre-
venting peripheral intravenous catheter failure in adults (PREBACP): a multi-
centre, cluster-randomised, controlled trial. Lancet Haematol 2021;8:e637-47.
https://doi.org/10.1016/S2352-3026(21)00206-4

Theobald S, Brandes N, Gyapong M, El-Saharty S, Proctor E, Diaz T, et al.
Implementation research: new imperatives and opportunities in global health.
Lancet 2018;392:2214-28. https://doi.org/10.1016/S0140-6736(18)32205-0
Ray-Barruel G, Xu H, Marsh N, Cooke M, Rickard CM. Effectiveness of insertion and
maintenance bundles in preventing peripheral intravenous catheter-related com-
plications and bloodstream infection in hospital patients: A systematic review.
Infect Dis Health 2019;24:152-68. https://doi.org/10.1016/j.idh.2019.03.001
Sackett DLD, Rosenbeg W, Muir ], Haynes RB, Richardson WS, Rosenberg WMC,
et al. Evidence based medicine: what it is and what it isn’t. BM] 1996;312:71-2.
https://doi.org/10.1136/bm;.312.7023.71

Greenhalgh T, Wherton ], Papoutsi C, Lynch ], Hughes G, A’Court C, et al. Beyond
Adoption: A New Framework for Theorizing and Evaluating Nonadoption,
Abandonment, and Challenges to the Scale-Up, Spread, and Sustainability of
Health and Care Technologies. ] Med Internet Res 2017;19:e367. https://doi.org/
10.2196/jmir.8775

Allen D, Harkins K. Too much guidance? Lancet 2005;365:1768. https://doi.org/
10.1016/S0140-6736(05)66578-6

Greenhalgh T, Howick ], Maskrey N. Evidence based medicine: a movement in
crisis. g3725-g3725 BM] 2014;348. https://doi.org/10.1136/bmj.g3725

Jabbour M, Newton AS, Johnson D, Curran JA. Defining barriers and enablers for
clinical pathway implementation in complex clinical settings. Implement Sci
2018;13:139. https://doi.org/10.1186/s13012-018-0832-8

Gabbay ], Le May A. Mindlines: making sense of evidence in practice. Br ] Gen
Pract 2016;66:402-3. https://doi.org/10.3399/bjgp16X686221

Medves ], Godfrey C, Turner C, Paterson M, Harrison M, MacKenzie L, et al.
Systematic review of practice guideline dissemination and implementation
strategies for healthcare teams and team-based practice. Int ] Evid Based Health
2010;8:79-89. https://doi.org/10.1111/j.1744-1609.2010.00166.x

JinY, Tan L-M, Khan KS, Deng T, Huang C, Han F, et al. Determinants of successful
guideline implementation: a national cross-sectional survey. BMC Med Inf Decis
Mak 2021;21:19. https://doi.org/10.1186/s12911-020-01382-w

Keeney S, Hasson F, McKenna H. Consulting the oracle: Ten lessons from using
the Delphi technique in nursing research. ] Adv Nurs 2006;53:205-12. https://
doi.org/10.1111/j.1365-2648.2006.03716.x

Trevelyan EG, Robinson N. Delphi methodology in health research: How to do it?
Eur | Integr Med 2015;7:423-8. https://doi.org/10.1016/j.eujim.2015.07.002
Blanco-Mavillard I, Rodriguez-Calero MA, Castro-Sanchez E, Bennasar-Veny M,
De Pedro-Goémez ]. Appraising the quality standard underpinning international
clinical practice guidelines for the selection and care of vascular access devices:
a systematic review of reviews. BMJ Open 2018;8:e021040. https://doi.org/10.
1136/bmjopen-2017-021040

Moureau N.L,, editor. Vessel Health and Preservation: The Right Approach for
Vascular Access. Cham: Springer International Publishing; 2019. https://doi.org/
10.1007/978-3-030-03149-7.

Infusion Nurses Society (INS). Infusion Nursing Standards of Practice. ] Infus Nurs
2016;39:169.

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol
2006;3:77-101.

Taylor RM, Feltbower RG, Aslam N, Raine R, Whelan ]S, Gibson F. Modified in-
ternational e-Delphi survey to define healthcare professional competencies for
working with teenagers and young adults with cancer. BMJ Open 2016;6:1-12.
https://doi.org/10.1136/bmjopen-2016-011361

Courtenay M, Castro-Sanchez E, Gallagher R, McEwen J, Bulabula ANH, Carre Y,
et al. Development of consensus-based international antimicrobial stewardship
competencies for undergraduate nurse education. ] Hosp Infect
2019;103:244-50. https://doi.org/10.1016/j.jhin.2019.08.001

Daraz L, Webb S, Kunkle R, Murad MH, Lang E. Training curriculum to help
patient representatives participate meaningfully in the development of clinical
practice guidelines. BMJ Evid Based Med 2019;24:227-30. https://doi.org/10.
1136/bmjebm-2019-111186

Capdevila JA, Guembe M, Barberan ], de Alarcén A, Bouza E, Farifias MC, et al.
2016 Expert consensus document on prevention, diagnosis and treatment of
short-term peripheral venous catheter-related infections in adults. Cir
Cardiovasc 2016;23:192-8. https://doi.org/10.1016/j.circv.2016.06.001

Pittiruti M, Van Boxtel T, Scoppettuolo G, Carr P, Konstantinou E, Ortiz Miluy G, et al.
European recommendations on the proper indication and use of peripheral venous
access devices (the ERPIUP consensus): A WoCoVA project. 112972982110232 ] Vasc
Access2021. https://doi.org/10.1177/11297298211023274

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

(33]

(34]



1. Blanco-Mavillard, C. Personat-Labrador, E. Castro-Sdnchez et al.

[35]

(36]

(37]

Zingg W, Cartier V, Inan C, Touveneau S, Theriault M, Gayet-Ageron A, et al.
Hospital-Wide Multidisciplinary, Multimodal Intervention Programme to
Reduce Central Venous Catheter-Associated Bloodstream Infection. PLoS One
2014;9:€93898. https://doi.org/10.1371/journal.pone.0093898

Saliba P, Hornero A, Cuervo G, Grau I, Jimenez E, Berbel D, et al. Interventions to
decrease short-term peripheral venous catheter-related bloodstream infections:
impact on incidence and mortality. ] Hosp Infect 2018;100:e178-86. https://doi.
0rg/10.1016/j.jhin.2018.06.010

Ray-Barruel G, Cooke M, Mitchell M, Chopra V, Rickard CM. Implementing the I-
DECIDED clinical decision-making tool for peripheral intravenous catheter as-
sessment and safe removal: protocol for an interrupted time-series study. BM]
Open 2018;8:e021290. https://doi.org/10.1136/bmjopen-2017-021290

2000

(38]

[39]

[40]

[41]

Journal of Infection and Public Health 16 (2023) 1994-2000

Tuffaha HW, Marsh N, Byrnes ], Gavin N, Webster ], Cooke M, et al. Cost of
vascular access devices in public hospitals in Queensland. Aust Health Rev 2018.
https://doi.org/10.1071/AH18102

Wensing M, Grol R. Knowledge translation in health: how implementation sci-
ence could contribute more. BMC Med 2019;17:88. https://doi.org/10.1186/
s12916-019-1322-9

Chopra V, Kuhn L, Ratz D, Flanders SA, Krein SL. Vascular nursing experience,
practice knowledge, and beliefs: Results from the michigan PICC1 survey. ] Hosp
Med 2016;11:269-75. https://doi.org/10.1002/jhm.2523

Gorski LA, Hadaway L, Hagle ME, Broadhurst D, Clare S, Kleidon T, et al. Infusion
Therapy Standards of Practice, 8th Edition. ] Infus Nurs 2021;44:51-224. https://
doi.org/10.1097/NAN.0000000000000396



	Interventions to reduce peripheral intravenous catheter failure: An international e-Delphi consensus on relevance and feasib...
	Background
	Methods
	Design
	Panel recruitment
	Patient and public involvement (PPI).
	Data collection
	First round of the questionnaire

	Second round of the questionnaire
	Additional rounds
	Analysis

	Results
	Round 1 questionnaire results
	Round 1 questionnaire results of PPI panel members
	Round 2 questionnaire results
	Extra round questionnaire results

	Discussion
	Authors’ contributions
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Ethical approval and consent to participate
	Consent for publication
	Appendix A. Supporting information
	References




