10/24/2017

Cambridge Publishing - Online Journal

Current Issue
Volume 3 Issue 2
OCTOBER 2017
ISSN: 2204-9762
Previous Article

Next Article

ORIGINAL ARTICLE

The RELIABLE trial (RELiable Intravenous Access By Line Experts): A pilot randomised controlled trial
protocol of expert versus generalist peripheral intravenous catheter insertion
Author(s):

*Nicole Marsh, RN, BN, MAdvPrac
Nursing & Midwifery Research Centre, Royal Brisbane and Women’s Hospital, Qld, Australia
School of Nursing and Midwifery, Griffith University, Qld, Australia
Alliance for Vascular Access Teaching and Research Group, Menzies Health Institute, Qld, Australia
Centre for Clinical Nursing, Royal Brisbane and Women’s Hospital, Butterfield St, Herston, Qld 4029, Australia
Email nicole.marsh@health.qld.gov.au
Joan Webster, RN, BA
Nursing & Midwifery Research Centre, Royal Brisbane and Women’s Hospital, Qld, Australia
School of Nursing and Midwifery, Griffith University, Qld, Australia
School of Nursing, Queensland University of Technology, Kelvin Grove, Qld 4059, Australia
Marie Cooke, RN, PhD
School of Nursing and Midwifery, Griffith University, Qld, Australia
Alliance for Vascular Access Teaching and Research Group, Menzies Health Institute, Qld, Australia
Claire M Rickard, RN, PhD
Nursing & Midwifery Research Centre, Royal Brisbane and Women’s Hospital, Qld, Australia
School of Nursing and Midwifery, Griffith University, Qld, Australia
Alliance for Vascular Access Teaching and Research Group, Menzies Health Institute, Qld, Australia
*Corresponding author
Pages 3-7

STRENGTHS AND LIMITATIONS OF THIS STUDY
A pilot RCT allows testing of the adequacy of study methods and procedures for a future, large RCT with adequate power to test hypotheses.
The study will determine feasibility of a larger RCT: 1) timelines; 2) participant recruitment; 3) protocol co-operation and support of key stakeholders; 4)
appropriateness of facilities and equipment; 5) financial resources needed; 6) ethical requirements; 7) investigator expertise; and 8) educational requirements for
staff for protocol adherence and adequacy of current training materials.
Assess the adequacy of the data collection tool: refine and test collection instruments (for example, reliability and validity); test that the data analysis techniques
are adequate.
To strengthen future grant applications for a definitive study by showing the researchers’ competency and the feasibility of the study.
As a pilot trial, the sample size will not be adequate to provide a definitive answer regarding the effectiveness of PVC insertion by a VAS compared with a
generalist inserter on clinical and economic outcome.

INTRODUCTION
Peripheral intravenous catheters (PVCs) are essential for the administration of intravenous fluids and medications for the treatment of hospitalised patients. They are the
most commonly used of all vascular access devices (VADS) with annual sales of 330 million per year in the USA and 14 million in Australia1,2. Yet, for such an important
device their failure rate remains unacceptably high, with reported resites required for up to 69% of PVCs3-6.
In the past, hospitals often employed intravenous therapy teams (IVTT) to insert a majority of PVCs7,8. Increasing pressure on health care budgets has resulted in the
disbanding of many IVTT9. Now, many hospitals have PVC insertions performed by generalist clinicians (nursing and medical) at the unit level, who, while assessed as
competent, are typically not expert inserters. Unit-level inserters may provide superior continuity of care since clinical staff are familiar with the patient’s diagnosis and
medical history, and there is a belief that their lesser expertise rarely has negative outcomes10. This model of care focuses on the procedural skill of PVC insertion, rathe
than the broader approach of the discipline of infusion therapy, such as selecting the right catheter and site for a specific patient and therapy11. Other models advocate
the benefit of vascular access specialist (VAS) inserters, either through an IVTT12 or within existing nursing infrastructure13 for PVC insertion and clinician education. The
definition of a VAS for this research is a clinician with advanced knowledge of vascular access including catheter technology, insertion assistive devices, dressings and
securement, modalities of catheter access, IV therapy management14, in combination with expert inserter skills. It is argued that this expertise preserves veins,
enhances the patient experience, decreases the incidence of infusion complications and ultimately saves costs associated with clinician time, materials and length of
hospital stay13. The use of a VAS for PVC insertion exists in part due to an ongoing concern that a generalist approach results in multiple needlesticks (multiple insertion
attempts) that cause great discomfort to patients and irreversible damage to the venous system, limiting current and future vascular access11.
Successful PVC insertion and prevention of resultant catheter-related complications and device failure are important clinical objectives and patient outcomes14. The leve
of inserter skill has been identified as a risk factor for catheter failure7,15. However, there have been no high-quality randomised controlled trials (RCTs) investigating the
benefit of a VAS. Observational studies and audits have found VAS-inserted PVCs to have longer functional dwell time16; fewer insertion attempts7,17; and less
phlebitis18,19, inflammation and catheter-related sepsis20. A number of these observational studies were conducted before the year 200018,19,21, so there is little
contemporary information about the impact of VAS inserters in the context of modern PVC materials, dressings and securement and the trend to older, more obese
patient populations. Some studies identified a benefit of VAS inserters in hospital settings, but their outcomes were not compared against a control group of generalist
PVC inserters and thus have not been adequately assessed7,8. Previous studies in this area have only measured the immediate success of the PVC insertion procedure
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and not the resultant impact on complications or device failure . In addition, data has been collected retrospectively, risking recall bias8, or clinical staff have assessed
their own PVC insertion skill level, which may introduce detection bias13.
Current local22 and international guidelines23-25 provide limited direction on PVC insertion and maintenance, often referring to local health institutions requirements. In
Australia, there is no national credentialling for a minimum level of knowledge, expertise and decision-making skill for clinicians inserting a PVC. This results in a
variation of knowledge, skill, experience and expertise for PVC inserters across health care settings26. The challenge for local and international guiding bodies is the lack
of robust RCTs that have tested the effectiveness of different knowledge and skill level on successful PVC insertion and prevention of device failure and complications.
Consequently, in the absence of evidence from high-quality RCTs, it is impossible to produce comprehensive clinical practice guidelines for best PVC insertion model of
care. The objective of this pilot RCT is to test the feasibility of conducting a suitably powered RCT by assessing both the methodology and rigour of methods planned for
the larger study27,28.

METHODS AND ANALYSIS
Design
We will conduct a single-centre, parallel group, pilot RCT to compare PVC insertion by a VAS with the insertion by any clinician (generalist model, standard practice).
Hypothesis
Primary hypothesis
The feasibility of conducting a future, large RCT with adequate statistical power to test hypotheses will be established by meeting targets formulated a priori. These are
based on results from previous PVC pilot trials29,30. Targets are as follows:
Eligibility: over 90% of patients screened will be eligible.
Recruitment: over 90% of eligible participants will agree to enrol.
Retention and attrition: fewer than 5% of patients will be lost to attrition.
Protocol adherence: over 90% of participants in the intervention groups will receive their allocated treatment.
Missing data: less than 5% (primary endpoint).
Patients and clinical staff will report greater than 80% satisfaction and acceptability with the vascular access expert.
Secondary hypothesis
Hypothesis 1
Patients whose PVC was inserted by a VAS will have fewer episodes of device failure (composite of phlebitis, infiltration, occlusion, accidental removal or dislodgement
and local or catheter-related bloodstream infection (CRBSI)) than those whose PVC is inserted by standard practice (generalist approach).
Hypothesis 2
Patients whose PVC was inserted by a VAS will have fewer failed insertions, insertion attempts and associated patient-reported pain.
Hypothesis 3
Patients whose PVC was inserted by a VAS will have longer device dwell time compared to those whose PVC is inserted by standard practice (generalist approach).
Setting
The trial will be conducted in a single-centre, 929-bed referral teaching hospital, the largest provider of health care services in Queensland, Australia, with more than
90,000 patients admitted every year.
Ethics
The study has received approval from the RBWH Human Research Ethics Committee (HREC/16/QRBW/386) and the Griffith University Human Research Ethics
committee (2016/782). Written consent will be obtained from participants and serious adverse events will be monitored and reported to both HRECs, although these are
not expected. In accordance with the National Health and Medical Research Council, all data will be stored securely in a password-protected database or paper copies
in a locked filing cabinet, and participants’ confidentiality will be maintained with only aggregate data published31.
Participants
Participants for this study will be patients admitted to general medical and surgical wards, over the age of 18 and expected to require their PVC for greater than 24
hours. They will be excluded from recruitment if they have a current bloodstream infection or have previously been in the study. Eligible patients will be advised of the
study, provided with written information and consent to participate will be sought by a research nurse (ReN).
Sample size
Approximately 160 patients are discharged each month from medical and surgical wards of the hospital. For this pilot study, the recruitment target is 50 participants per
group. The study will not be powered to detect statistical significance between groups, but rather to assess the feasibility of the methods to be used in a larger study. The
sample size is recommended in the literature as adequate for the purposes of feasibility assessment32,33.
Interventions
The control group of this trial will have PVCs inserted as per hospital policy by an accredited PVC inserter. This is a generalist approach. The access site, type of device
and method of PVC securement will be at the inserting clinician’s discretion.
For the intervention group, the PVC will be inserted by a VAS who is a registered nurse (RN) with advanced knowledge of vascular access, including catheter
technology, insertion assistive devices, dressings, modalities of catheter access and intravenous therapy management, selecting the right VAD for the right patient in
combination with expert insertion skills. The insertion will also follow the hospital’s policy.

OUTCOME MEASURES AND DEFINITIONS
Primary outcomes
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The feasibility of conducting a definitive RCT will be assessed against the following criteria: 1. Eligibility (percentage of eligible screened patients); 2. Recruitment
(percentage of eligible patients who consent to trial participation); 3. Retention and attrition (percentage of participants lost to follow-up who withdraw consent); 4.
Protocol adherence (percentage of participants who receive their randomised intervention); 5. Missing data (percentage of missing data); and 6. Patient satisfaction (of
PVC at insertion and removal, scored on an 11-point scale of 0 = very dissatisfied to 10 = very satisfied).
Secondary outcomes
PVC failure defined as early device removal before the end of therapy because of:
Phlebitis was considered to have occurred if one or more of the following signs and symptoms occur: pain or tenderness scored at 2 or more on an increasing
pain increment scale, or redness or a palpable cord (all extending greater than 1 cm from the insertion site) or purulence (from site, with ulceration).
Leakage (yes/no).
Infiltration (the movement of IV fluids into the surrounding tissue34,35, swelling greater than 1 cm from the insertion site).
Occlusion (the PVC will not flush or leaks when flushed)36.
Accidental removal (partial or complete dislodgement of the PVC from the vein).
Infection (laboratory-confirmed local or catheter-associated bloodstream infection)25: PVC skin swabs, PVC tip and blood cultures may be collected as per usual
clinical practice if clinical suspicion of local infection or systemic infection.
PVC dwell time: from the time of PVC insertion until removal from either device failure, routine replacement or the completion of IV therapy.
PVC insertion: successful insertion and number of insertion attempts for 24 hours post randomisation.
Cost-effectiveness: estimates of costs of staff resources, equipment and PVC failure resource usage with previously developed cost estimations37. Detailed resources
used for a PVC insertion and removal will be recorded for a subset of 15 patients per study group.

STUDY PROCEDURES
Randomisation
Once the ReN obtains written consent, a web-based central randomisation service provided by the Griffith University Clinical Trials Randomisation Service will be used
to obtain group allocation. This process will provide a computer-generated ratio between groups of 1:1 and randomly varied small block sizes. Allocation will be
concealed prior to randomisation.
Blinding
This trial is blinded for the secondary endpoint of PVC failure. This will be achieved as there are two ReNs for this study. The first will be responsible for recruitment and
randomisation. The second ReN will collect daily PVC site and device failure information and will be blinded to the treatment group. The endpoint CRBSI will also be
allocated by a blinded infectious disease expert using a pre-determined definition. Due to the nature of the study, blinding of patients and treating clinicians to the
intervention received will not be possible. However, we have no reason to believe that clinicians and patient responses will be influenced to favour a particular
intervention.
Other aspects of PVC care
PVCs will be inserted by hospital-accredited clinicians. Subsequently, PVCs will be managed by clinical staff using the standard hospital policies. If required, PVCs will
be re-sited every 72 hours, following hospital policy.
Strategies to promote protocol adherence
To promote adherence to the study protocol, any clinical staff inserting PVCs or caring for study participants will be provided with education about the study protocol prio
to, and during the trial. The researcher will be available to answer queries from clinicians during the course of the study.
Data collection
Data will be collected and entered directly into an electronic data platform supported by REDCapTM (Research Electronic Data Capture) (REDCap Software Version
6.10.6 © 2016 Vanderbilt University)38. The feasibility outcomes (eligibility, recruitment, retention and attrition, protocol adherence and sample size estimates) will be
collected from enrolment screening logs (held at the study site) and the data entered into an electronic clinical research form on RedCapTM. The screening log will have
the patient’s unique hospital number, eligibility and randomisation allocation.
At the time of recruitment, the ReN who is a VAS will assess all patients and collect the following patient demographic and clinical characteristics: age, gender,
diagnosis, possible insertion sites and vein quality as per the peripheral vein assessment tool39. They will ask the patient about their preferred PVC insertion site, and
decide based on patient assessment and the planned IV therapy whether a PVC is the appropriate VAD choice for the patient and discuss this with the treating team, if
necessary39,40. After PVC insertion, data will be collected on the gauge size, clinician inserting the PVC, number of insertion attempts, place of insertion and type of
securement/dressing will be collected. A convenience sample of 15 patients per intervention group will have the insertion procedure timed and data collected about the
type of clinician (medical or nursing) and products used (for example, dressing type). The patient will be asked about the number of insertion attempts and the pain level
as well as data extracted from the medical record. Inserters will be asked why they chose the insertion site and gauge of PVC, and to rate the difficulty of the insertion (0
= difficult and 10 = easy).
All participants will be visited daily by a second ReN blinded to the intervention group. They will ask patients to rate their satisfaction with the insertion procedure. They
will perform daily assessments for PVC complications based on an inspection of the insertion site and patient-reported symptoms. On the day of PVC removal, the ReN
(blinded to treatment group) will record the date, time and reason for PVC removal (device failure, routine resite, completion of treatment), as well as perform the daily
site inspection. At removal, the participant’s overall satisfaction with the PVC (11-point scale, with 0 = dissatisfied and 10 = satisfied) will be recorded.
Statistical analysis
Data related to the feasibility outcomes will be tabulated as percentages and means, reported descriptively and analysed against predetermined acceptability criteria, for
example, <5% missing data. To pilot the inferential statistics, data will be exported into IBM SPSS Statistics version 22 (SPSS) for analysis. An intention-to-treat analysis
framework will be used; the unit of analysis will be one PVC per patient. Proportions (%) will be reported for categorical data. Mean values and standard deviations (SD)
will be reported for normally distributed continuous data; with median values and 25th/75th percentiles reported otherwise. Cox regression will be used to assess the
effect of patients and treatment differences as well as for group comparisons. A graph of the Kaplan-Meier survival function by group will be generated, and the
proportional hazards assumption checked with the log-log plot of survival, and log-rank test performed.
A cost analysis for the subset of 30 patients (15 patients per group), will calculate the mean and median values for the total cost of each IV insertion. Total cost =
clinician (directly measured time x estimated hourly salary) + fixed cost (supplies).
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Validity and reliability
Internal validity will be maintained by adhering to the study protocol and by using accepted definitions published in the literature for measuring PVC outcomes. Daily
PVC site inspections and assessment of outcome measures will be performed in a standardised manner by clinically appropriate staff (for example, infectious diseases
expert will allocate the outcome CRBSI).
To promote external validity, the characteristics of the target population and the inclusion and exclusion criteria are clearly defined41. The study will identify the type of
clinician and level of experience of PVC inserters, and take the pragmatic approach of usual clinical PVC care to ensure results are clinically relevant.
Reliability will be assessed by conduction of inter-rater reliability testing for 10% of PVC site daily inspections and outcome assessments, between the daily assessor
and an independent VAS. Ten per cent of the patients’ data entry will also be cross-checked, with missing data and implausible values also queried and corrected, where
possible.
Dissemination of results
Study results will be presented locally and at relevant international meetings. Participants will be informed at recruitment about how to access results. Results will be
published in a peer-reviewed nursing or vascular access journal.
Trial status
Recruitment is planned to commence in June 2017 and will take approximately 12 weeks.

DISCUSSION
This study will be the first pilot RCT to investigate the potential benefits of employing a VAS for PVC insertions in an acute care setting. It will provide preliminary data to
inform protocol development and funding applications to allow a larger definitive RCT to be undertaken. The study will aid in the development of PVC education as well
as provide guidance for local and international clinical guidelines about the skill level required for PVC insertion. Currently, clinical guideline authors have limited highquality research to inform their recommendations. This trial will also allow us to establish the adequacy and appropriateness of the study protocol, therefore ensuring the
feasibility of conducting a large, multicentre RCT.

DISCLOSURES
On behalf of NM and CMR, Griffith University has received unrestricted educational and research grants and consultancy payment for lectures from 3M and Becton
Dickinson. On behalf of NM, MC and CMR, Griffith University has received unrestricted investigator-initiated research grants from Centurion Medical Products and
Entrotech Lifesciences (manufacturers of PVC dressings) and Becton Dickinson (manufacturer of PVCs). On behalf of MC, Griffith University has received a consultancy
payment to develop education material from Baxter. On behalf of CMR, Griffith University has received unrestricted donations or investigator-initiated research grants
unrelated to this research from: Adhezion, Angiodynamics, Baxter, Carefusion, Cook Medical, Hospira, Mayo, Smiths Medical Products and Vygon. On behalf of CMR,
Griffith University has received consultancy payments for educational lectures or professional opinion from BBraun, Bard, Carefusion, Mayo, ResQDevices and Smiths
Medical. On behalf of MC, Griffith University has received a consultancy payment to develop education material from Baxter. JW has no conflicts of interest.

REFERENCES
1. Rickard CM, Marsh N, Webster J, Playford G, McGrail MR, Larsen E et al. Securing all intravenous devices effectively in hospitals — The SAVE Trial: study
protocol for a multi-centre, randomised controlled trial. BMJ Open 2015; 5(9).
2. Zingg W & Pittet D. Peripheral venous catheters: an under-evaluated problem. Int J Antimicrob Agents 2009; 34(Suppl 4):S38–42.
3. Royer TF. Improving short peripheral IV outcomes: a clinical trial of two securement methods. J Vasc Access 2003; 8(4):45–9.
4. Smith B. Peripheral intravenous catheter dwell times: a comparison of 3 securement methods for implementation of a 96-hour scheduled change protocol. J
Intraven Nurs 2006; 29(1):14–7.
5. Rickard CM, McCann D, Munnings J & McGrail MR. Routine resite of peripheral intravenous devices every 3 days did not reduce complications compared with
clinically indicated resite: a randomised controlled trial. BMC 2010; 8:53.
6. Bolton D. Improving peripheral cannulation practice at an NHS Trust. Br J Nurs 2010; 19(21):1346, 8–50.
7. Carr PJ, Glynn RW, Dineen B & Kropmans TJ. A pilot intravenous cannulation team: an Irish perspective. Br J Nurs 2010; 19(10):S19–27.
8. Bosma TL & Jewesson PJ. An infusion program resource nurse consult service: our experience in a major Canadian teaching hospital. J Infus Nurs 2002;
25(5):310–5.
9. Hadaway L, Dalton L & Mercanti-Erieg L. Infusion Teams in Acute Care Hospitals: Call for a Business Approach: An Infusion Nurses Society White Paper. J Infus
Nurs 2013; 36(5):356–60.
10. Robertson KJ. The role of the i.v. specialist in health care reform. J Infus Nurs 1995; 18(3):130–44.
11. Hawes ML. A proactive approach to combating venous depletion in the hospital setting. J Infus Nurs 2007; 30(1):33–44.
12. Carr PJ, Higgins NS, Cooke ML, Mihala G & Rickard CM. Vascular access specialist teams for device insertion and prevention of failure. Cochrane Database
Syst Rev 2014(12).
13. Palefski SS & Stoddard GJ. The infusion nurse and patient complication rates of peripheral-short catheters: a prospective evaluation. J Infus Nurs 2001;
24(2):113–23.
14. Carr PJ, Higgins NS, Cooke ML, Mihala G & Rickard CM. Vascular access specialist teams for device insertion and prevention of failure. The Cochrane Library,
2014.
15. Wallis MC, McGrail M, Webster J, Marsh N, Gowardman J, Playford EG et al. Risk factors for peripheral intravenous catheter failure: a multivariate analysis of
data from a randomized controlled trial. Infect Control Hosp Epidemiol 2014; 35(1):63–8.
16. Bai XH, Zang S & Yu L. A comparison of two intravenous infusion devices in lung carcinoma patients receiving combined radiotherapy and chemotherapy. J
Cancer Ther Res 2013; 9(4):664–7.
17. Hunter MR. Development of a vascular access team in an acute care setting. J Infus Nurs 2003; 26(2):86–91.
18. Tomford JW, Hershey CO, McLaren CE, Porter DK & Cohen DI. Intravenous therapy team and peripheral venous catheter-associated complications. A
prospective controlled study. Arch Intern Med 1984; 144(6):1191–4.
19. Scalley RD, Van CS & Cochran RS. The impact of an IV team on the occurrence of intravenous-related phlebitis. A 30-month study. J Intraven Nurs 1992;
15(2):100–9.
20. Soifer NE, Borzak S, Edlin BR & Weinstein RA. Prevention of peripheral venous catheter complications with an intravenous therapy team: a randomized
controlled trial. Arch Intern Med 1998; 158(5):473–7.
21. Miller JM, Goetz AM, Squier C & Muder RR. Reduction in nosocomial intravenous device-related bacteremias after institution of an intravenous therapy team. J
Intraven Nurs 1996; 19(2):103–6.
22. CHRISP. GUIDELINE Peripheral Intravenous Catheter (PIVC). Centre for Healthcare Related Infection Surveillance and Prevention & Tuberculosis Control.
Queensland Government; 2013.
23. Infusion Nurses Society. Infusion nursing standards of practice. J Infus Nurs 2011; 34(1S):1–110.
24. Intravenous Nursing New Zealand. Provisional Infusion Therapy Standards of Practice. http://www.ivnnz.co.nz/about-ivnnz-inc./Infusion-Standards-ofPractice2011.
25. O'Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J, Heard SO et al. Guidelines for the prevention of intravascular catheter-related infections. Am J
Infect Control 2011; 39(4 Suppl 1):S1–34.
26. Vizcarra C, Cassutt C, Corbitt N, Richardson D, Runde D & Stafford K. Recommendations for improving safety practices with short peripheral catheters. J Infus
Nurs 2014; 37(2):121–4.
27. Arnold DM, Burns KE, Adhikari NK, Kho ME, Meade MO & Cook DJ. The design and interpretation of pilot trials in clinical research in critical care. Crit Care Med
2009; 37(1 Suppl):S69–74.
28. Polit DF & Beck CT. Nursing research: Generating and assessing evidence for nursing practice: Lippincott Williams & Wilkins; 2008.

http://journals.cambridgepublishing.com.au/sports_journal/Subscribers/Current_Issue/Read_Article?id=697&i=77

4/5

10/24/2017

Cambridge Publishing - Online Journal

29. Marsh N, Webster J, Flynn J, Mihala G, Hewer B, Fraser J et al. Securement methods for peripheral venous catheters to prevent failure: a randomised controlled
pilot trial. J Vasc Access 2015; 16(3):237–44.
30. Keogh S, Flynn J, Marsh N, Mihala G, Davies K & Rickard CM. Varied flushing frequency and volume to prevent peripheral intravenous catheter failure: a pilot,
factorial randomised controlled trial in adult medical-surgical hospital patients. Trials 2015; 17(1):348.
31. The National Health and Medical Research Council, the Australian Research Council and the Australian Vice-Chancellors’ Committee. National Statement on
Ethical Conduct in Human Research 2007 (Updated May 2015) Canberra: National Health and Medical Research Council; Available from:
www.nhmrc.gov.au/guidelines/publications/e72.
32. Hertzog MA. Considerations in determining sample size for pilot studies. Res Nurs Health 2008; 31(2):180–91.
33. Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharm Stat 2005; 4(4):287–91.
34. Dougherty L. IV therapy: recognizing the differences between infiltration and extravasation. Br J Nurs 2008; 17(14):896, 8–901.
35. Doellman D, Hadaway L, Bowe-Geddes LA, Franklin M, LeDonne J, Papke-O'Donnell L et al. Infiltration and extravasation: update on prevention and
management. J Infus Nurs 2009; 32(4):203–11.
36. Helm RE, Klausner JD, Klemperer JD, Flint LM & Huang E. Accepted but unacceptable: peripheral IV catheter failure. J Infus Nurs 2015; 38(3):189–203.
37. Tuffaha HW, Rickard CM, Webster J, Marsh N, Gordon L, Wallis M et al. Cost-effectiveness analysis of clinically indicated versus routine replacement of
peripheral intravenous catheters. Appl Health Econ Health Policy 2014; 12(1):51–8.
38. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N & Conde JG. Research electronic data capture (REDCap)--a metadata-driven methodology and workflow
process for providing translational research informatics support. J Biomed Inform 2009; 42(2):377–81.
39. Hallam C, Weston V, Denton A, Hill S, Bodenham A, Dunn H et al. Development of the UK Vessel Health and Preservation (VHP) framework: a multiorganisational collaborative. J Infect Prev 2016; 17(2):65–72.
40. Chopra V, Flanders SA, Saint S, Woller SC, O'Grady NP, Safdar N et al. The Michigan Appropriateness Guide for Intravenous Catheters (MAGIC): results from a
multispecialty panel using the RAND/UCLA appropriateness method. Ann Inter Med 2015; 163(6 Suppl):S1–S40.
41. Rothwell PM. Factors that can affect the external validity of randomised controlled trials. PLoS Clin Trials 2006; 1(1):e9.

http://journals.cambridgepublishing.com.au/sports_journal/Subscribers/Current_Issue/Read_Article?id=697&i=77

5/5

