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Abstract 

 

Objective 

The peripheral intravenous cannula/catheter (PIVC) is indispensable in modern 

healthcare today. Despite it being the most used of the vascular access devices, it is not 

without complication, in particular: insertion failure; and premature/post-insertion 

device failure.  

The aim of this PhD was to develop an understanding of PIVC failure; both 

insertion and post insertion so that a clinical decision rule to improve PIVC first-time 

insertion success (FTIS) and reduce post-insertion failure (PIF) is derived. Therefore, 

these intentions would improve the science of vascular access, promote better vessel 

health, and preserve veins from repeated needle insertions. In identifying FTIS rates in 

the Emergency Department (ED), risk factors for this phenomenon can be used to 

develop a clinical decision rule. Additionally, measuring the rate of post-insertion 

failure and identifying the cause of it will provide baseline and hypothesis-generating 

data to improve PIVC insertion and post-insertion practice.  

 

Design 

By firstly assessing the current quality of tools, clinical decision rules, and algorithms 

for PIVC insertion and their impact on FTIS, a precedent for the development for a two-

phase study was established. Phase 1 included a prospective cohort study of PIVC FTIS 

rates in the ED setting in addition to identifying the rationale for removal of the ED 

PIVC using a retrospective medical chart review method.  Phase 2 was a multicentre 

cohort study of PIVC insertions in a patient population presenting to ED, with follow-

up observation of the PIVC in subsequent admissions to the hospital ward.  

Phase 1 

Setting 

One ED in Western Australia.  

 

Sample 

A convenient sample identified a FTIS rate in ED patients requiring a PIVC and with 

complete data a logistic regression model of patient and clinical factors in addition to a 
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combined model was developed. In an admitted cohort we attempted to identify the 

rationale for removal of these PIVCs. 

 

Data Collection Tool  

Information was gathered about patient factors and clinician factors. Patient factors 

included the following: body mass index classification; skin shade; and, vein 

characteristics such as site, size, and quality (visible/palpable). Clinician factors 

included: clinician role; years inserting PIVCs; and, estimation of confidence for FTIS. 

Additional data points included the rationale for insertion, and FTIS result (yes/no).   

   

Main Results 

A total 734 PIVCs insertions were included in the study. The first-time insertion success 

incidence was 86%. The ante cubital fossa (ACF) site accounted for over 50% of 

insertions. Multivariate logistic regression modeling to predict first-time insertion 

success for patient factors found: age <40 vs 80+ years OR 3.04 (95% CI, 1.05-8.83, 

p=0.041); emaciated vs normal patient size OR 0.05 (95% CI, 0.01-0.23, p=<0.001); 

having a visible vein OR 4.62 (95% CI, 2.17-9.86, p=<0.001); and, ACF vs forearm 

insertion site OR 2.79 (95% CI, 1.30-5.97, p=0.008) to be statistically significant. 

Statistically significant clinician factors predicting success were: higher number of prior 

cannulation procedures performed 101-800 vs 0-100 OR 4.25  (95% CI, 1.56-11.67, 

p=0.005), and increased clinician perception of the likelihood of a successful insertion 

OR 1.07  (95% CI, 1.05-1.08, p=<0.001). When patient and clinician factors were 

combined in a logistic regression model the following were statistically associated with 

first-time insertion success: emaciated vs normal OR 0.07  (95% CI, 0.02-0.34, 

p=0.001); visible vein/s OR 2.7 (95% CI 1.19-6.13, p=0.018); ACF vs forearm site OR 

2.82 (95% CI, 1.28-6.24, p=0.01); higher number of prior PIVC procedures performed 

101-800 vs 0-100 OR 5.5  (95% CI, 1.86-16.30, p=0.002); and increased clinician 

perceived likelihood of success OR 1.06  (95% CI, 1.04-1.07, p=<0.001). 

 

131 patient charts were reviewed; 51% of charts had no recorded rationale for PIVC 

removal. Of those with an unknown rationale for removal, 37% had documented 

evidence of subsequent peripheral cannulae. The just in case/unused cannula prevalence 

was 16%. The study was stopped early due to the frequent lack of documentation on 

rationales for PIVC removal. 
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Phase 2 

Setting  

Two tertiary EDs in Western Australia.   

 

Sample 

A total of 1,337 PIVC insertions were inserted in 967 patients who presented to two 

EDs with follow up of 391 patients admitted. 

 

Data Collection Tool  

Information was gathered about patient factors and clinicians factors. Patient factors 

included the following: Australasian Triage Score (ATS); body mass index 

classification; skin shade; and vein characteristics such as site, size, and quality 

(visible/palpable). Clinician factors included: clinician role; years inserting PIVCs; and, 

pre procedural confidence to succeed with a FTIS. Additional data points included: the 

rationale for insertion and FTIS result (yes/no); the procedural technique, (specifically if 

an aseptic non touch technique (ANTT)/ key part protected (KPP) technique was used); 

and the rationale for removal and dwell time in the admitted patient. Product and 

technological points included the size of PIVC, if ultrasound was used and what 

infusates were administered.  

 

Main Results 

The FTIS rate was 71%, with 148 (14%) requiring a second attempt and 122 (12%) 

requiring three or more attempts. A small percentage (3%) had no accurate number of 

subsequent attempts. FTIS is related to the following multivariate patient factors: age 

(for every additional year) OR 0.99 (95% CI, 0.983-0.998, p=0.0097); target vein 

palpability OR 3.53 (95% CI, 1.64-7.60, p=0.0014). Multivariate clinician factors 

include: clinician with greater confidence (p<0.0001), and staff experience 301-1000 

versus <301 OR 1.54 (95% CI, 1.02-2.34) >1000 vs <301, OR 2.07 (95% CI, 1.41-3.04, 

p=0.0011). The all model has a sensitivity of 74.60%, specificity of 57.69%, positive 

predictive value of 82.87%, and negative predictive value of 44.85%. In the sample of 

admitted patients (n=391) the rate of PIF was 30% (n=118). Mean PIVC dwell-time was 

37.52 hours (<1hr-166hrs). Infiltration and occlusion were the most common causes of 
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PIF 47% (n=45). Univariate and multivariate Cox proportional hazards regression 

modeling of the time to PIVC PIF identified the following significant factors: 

Australian Triage Score (ATS) 1-2 compared to 3, 4, or 5, HR 2.04, (95% CI, 1.39-3.01, 

p=0.0003); Ultrasound guided (USG) PIVCs, HR 6.52, (95% CI, 2.11-20.10, 

p=0.0011). When an ANTT/KPP approach is used, the PIVC is significantly more 

likely to have longer survival than PIVCs without HR 0.63, (95% CI, 0.42-0.96, 

p=0.0326). 

 

Conclusion 

Peripheral intravenous catheter insertion success could be improved if performed by 

clinicians with greater procedural experience and increased perception of the likelihood 

of success. Some patient factors predict PIVC FTIS: “normal” body weight, visible 

vein/s, and cubital fossa placement. Venepuncture may be a cheaper alternative for 

others if intravenous therapy is not imperative. Furthermore, retrospective chart audits 

will continue to be a futile method to investigate PIVC failure until the quality of 

documentation for insertion and removal are improved. A specific vascular access 

device registry or clinical form that includes rationales for insertion and removal should 

be implemented to allow national quality and safety standards that accurately measure 

PIVC complications.  

 

These results should be interpreted carefully by respecting the primary outcome FTIS.  

Successful ED PIVC insertion relies on a variety of factors, but identifying risk factors 

described here will achieve greater FTIS when two patient variables (younger age and 

vein palpability), and two clinician variables (greater confidence and having at least 

inserted over 300 PIVCs) coexist. The primary objective for the clinicians and 

healthcare service providers is to consider these RF to obtain FTIS. Procedural 

competence could be amassed in patients with better vein visibility and palpability. In 

this way, the number of unnecessary insertion attempts in addition to repeat insertion 

attempts is hopefully reduced. PIF remains at an unacceptable standard in both 

traditional and ultrasound inserted PIVCs. PIVCs at the highest risk of PIF include: 

those inserted without an ANTT/KPP approach; those with a USGPIVC insertion; and, 

in the ED patient category ATS 1-2.  
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Chapter 1 Introduction 

 

Introduction 

This PhD research concerns an invasive clinical procedure that is over 350 years old, 

namely peripheral intravenous cannulation (Rivera, Strauss, Van Zundert, & Mortier, 

2005). A peripheral intravenous cannula/catheter (PIVC) is a vascular access device. It 

is a short plastic tube composed of a polyurethane material that is inserted into the 

venous system via a metal needle stylet, so that the cannula/catheter can be introduced 

and remain positioned in the vein after the stylet has been removed (Rivera et al., 2005). 

PIVCs are used for a wide variety of purposes including infusion of fluids and 

medications, diagnostic and certain clinical procedures, and are widely used across a 

variety of clinical specialties, if not all (Chopra, Krein, Olmsted, Safdar, & Saint, 2013; 

Loveday, et al., 2014). It is the most used of all the invasive vascular access devices 

(Kelly, 2009). Over a billion PIVCs are inserted worldwide annually and it is 

commonly the initial vascular access device inserted in hospitalized patients 

(Alexandrou, et al., 2017). The estimated number of PIVCs used in Australia is thought 

to be in the millions.  

 

The use of PIVCs would be a medical triumph were it not for endemic rates of PIVC 

complications across the healthcare system. Research frequently shows alarming 

complication rates with insertion failure incidence ranging from 2-72% (Aulagnier et 

al., 2014; Carr, Glynn, Dineen, & Kropmans, 2010) and as many as 50% failing post 

insertion, that is, before the completion of therapy (Bugden et al., 2016; Carr et al., 

2017a; Helm, Klausner, Klemperer, Flint, & Huang, 2015; Legemaat et al., 2016; 

Marsh, Webster, Mihala, & Rickard, 2015; Mestre Roca et al., 2012; Wallis et al., 

2014). Such failure rates are clinically significant and come at a considerable cost to the 

Australian health system. 

 

Creating a vascular access decision rule to promote better outcomes for PIVCs inserted 

in the Emergency Department (ED) is the primary focus of this research. This chapter 

will begin with a background of the known procedural problems that can occur during 

PIVC insertion. The subsequent impact on patient care (and therefore the clinical 

problem) resultant from the method of inserting a PIVC, commonly referred to as 

intravenous (IV) cannulation, is also highlighted. A rationale and subsequent need for 

this research study to identify risk factors for PIVC insertion failure and post insertion 
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failure are provided. The research objectives, questions, and methods will be outlined. 

Finally, an outline of the thesis structure is given.  

 

Background 

PIVC insertion is a clinical procedure that is performed by nursing, medical, physician 

assistant(s), technical (phlebotomists-respiratory technicians), and support staff. Nurses 

in particular insert approximately 80% of PIVCs globally (Alexandrou, et al., 2017). 

The ubiquity of this procedure is demonstrated in a point prevalence study undertaken 

in a European hospital with 80% PIVC use reported (Fernandez-Ruiz et al., 2014).  

 

First Time Insertion Success 

First time PIVC insertion success (where the inserter only pierces the skin once and 

successfully places the PIVC in the vein) ranges from 18-99% in both paediatric and 

adult populations (Aulagnier et al., 2014; Carr, Glynn, Dineen, & Kropmans, 2010; 

Cuper et al., 2012; Jacobson, 1999; Jacobson & Winslow, 2005; Lapostolle et al., 2007; 

O’Neill, Dillane, & Hanipah, 2012; Riker, Kennedy, Winfrey, Yen, & Dowd, 2011; 

Witting, 2012; Yen, Riegert, & Gorelick, 2008). This variability in first time insertion 

success (FTIS) rates suggests that PIVC insertion is frequently difficult, and that 

improved proficiency in this skill should be a prioritised as a clinical need for healthcare 

organisations.  

 

Insertion success is likely influenced by a variety of clinical variables: clinician; patient 

specific; products and technology; as well as ergonomic and environmental factors. 

Many international clinical guidelines include recommendations for various aspects of 

PIVC insertion and care (Gorski, Hadaway, Hagle, McGoldrick, & Orr, 2016; Loveday,  

et al., 2014; O’Grady et al., 2011). However, there is not a standardized vascular access 

decision protocol to guide PIVC FTIS and clinician discretion often influences the 

outcome. 

 

PIVC insertion is a commonly performed procedure in the majority of ED patient 

presentations. Preserving the venous anatomy from the damage caused by repeated skin 

punctures through failed PIVC insertion attempts is a challenge that may not always be 

considered in high-paced ED environments. However, reducing the number of needle 

insertions and skin punctures should be considered an important priority for not only 

quality and patient safety but also clinical science in healthcare.  
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Post-insertion failure 

As the ED clinicians’ immediate priority is gaining intravenous (IV) access, strategies 

to eliminate subsequent device failure in PIVCs of patients admitted from ED to the 

wards may not be considered at insertion. However, risk of post-insertion failure (PIF) 

(e.g. from infection or phlebitis) can clearly link back to the insertion procedure, with 

actions/decisions at these moments leading to treatment failure in the days ahead, and 

therapeutic delays for medicines when a wait for  replacement PIVC insertions occurs 

(Helm, Klausner, Klemperer, Flint, & Huang, 2015). Identifying risk factors at 

insertion, that might prevent post-insertion PIVC failure, is extremely important.  

 

A reduction in replacement PIVC insertions is also identified as a cost saving strategy 

that can save tens of millions of dollars for Australian healthcare each year (Tuffaha et 

al., 2014). Furthermore, considering the patient experience and satisfaction with care, 

improving the patient journey with better vascular access protocols should be a priority 

for hospital administrators (Moureau et al., 2012). Achieving greater first time insertion 

success in ED, in addition to increasing the functional dwell time of inserted PIVCs, 

through a standardized vascular access decision rule, could potentially support such an 

endeavor. It could save money and impact positively on the patient experience.  

 

A number of terms are commonly used in the literature for tools that describe or 

formalize a pattern of care underpinning a clinical procedure. Such terms frequently 

include: diagnostic and prognostic tools or plans; predictive assessment tools; prediction 

models; rules; decision making rules; scores; scales; risk algorithms; and algorithms 

(Conaghan, 2011; Hendriksen, Geersing, Moons, & de Groot, 2013; Hodgson et al., 

2014; Manuel, Rosella, Hennessy, Sanmartin, & Wilson, 2012; Pace, Eberhart, & 

Kranke, 2012; Yen et al., 2008). To avoid confusion and ambiguity, the aforementioned 

concepts will be represented in this thesis by the term clinical decision rule (CDR).  

 

Clinical Problem 

PIVC insertion can be difficult (van Loon, Puijn, Houterman, & Bouwman, 2016; Riker 

et al., 2011; Yen et al., 2008), time consuming, anxiety producing (Dougherty, 2014) 

and painful for the patient (Fields, Piela, & Ku, 2014). Clinicians are required to be 

competent (and in some cases, accredited) to perform a range of functions regarding the 

insertion of a PIVC that include assessment of the potential insertion site, proficiency 
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with the insertion procedure, ability to maintain the device post-insertion, and perform 

surveillance to detect complications or loss of function (Moureau et al., 2012).  

Studies report wide ranging variability of first time insertion success: between 2-81% 

patients are subjected to two or more attempts when a traditional landmark/palpation 

guided insertion approach is used (Aulagnier et al., 2014; Carr et al., 2010; Cuper et al., 

2012; Jacobson, 1999; Jacobson & Winslow, 2005; Lapostolle et al., 2007; O’Neill et 

al., 2012; Riker et al., 2011; Witting, 2012; Yen et al., 2008). The use of ultrasound to 

guide insertion may improve these rates, but as yet is uncommonly used for PIVC 

insertion. Given the variability in FTIS success, there is an opportunity to address this 

clinical phenomenon and improve outcomes for patients.   

 

The literature suggests some patient factors increase the risk of insertion failure (Carr, 

Rippey, Budgeon, et al., 2016; Fields, Piela, Au, & Ku, 2014; Sebbane et al., 2013). 

However, there has been little research on how these risk factors can then potentially be 

used to assess the degree of insertion difficulty i.e. the likelihood of PIVC insertion 

success prior to insertion. Such guidance would be useful to identifying high-risk 

patients to target with interventions that may prevent insertion failure. The evidence that 

currently exists is presented in Chapter Two, together with identification of risk factors 

for PIVC failure associated with traditional insertion methods and from methods using 

vessel-locating devices such as ultrasound. Furthermore, there is insufficient data 

currently available on the survival or dwell time of those PIVCs inserted in ED, and 

factors that might be associated with increasing functional (complication-free) dwell 

time.  

 

In the adult population, it is recognised that at least 34% of PIVCs fail before the end of 

treatment from complications such as occlusion, phlebitis, dislodgement, infection, 

infiltration,(Wallis et al., 2014). Such a variety of reasons for PIF justifies attention.  

Device failure can lead to a reduced therapeutic effect of prescribed medicines and an 

increased length of hospital stay, thus interrupting the patient care processes and clinical 

pathways (Barton, Danek, Johns, & Coons, 1998). Complications can be painful and 

even lead to nerve injury and disability (Stevens, Mahadevan, & Moss, 2012). While 

research has focused on post-insertion interventions to avoid failure, there has been little 

evidence on the link between insertion procedural aspects, and failure in the days ahead 

(Bertolino et al., 2012; Keogh et al., 2015, Marsh,Webster,Mihala & Rickard, 2015). 

 

Clinical indication for a PIVC  



5 

An additional beneficial aspect of insertion of a PIVC in the ED is that it allows the 

clinician to obtain the blood samples commonly taken in the ED setting. This is 

different to the inpatient ward setting where it is more typical to take blood samples via 

a venepuncture, even if a PIVC is already in place. Thus, PIVCs allow the following: 

blood samples that  assist with patient diagnosis; intravenous therapy infusions; acute 

pain management; patient rehydration with IV fluids; and blood transfusions, all within 

an emergency care setting (Crowley et al., 2012; Zengin & Enç, 2008).  

  

Clinical Decision Rule to improve PIVC outcomes 

A clinical decision rule (CDR) is used in a variety of specialties and can assist the 

clinician in improving the safety and quality of health care delivery and thus improve 

clinical and patient outcomes. Barton et al. (1998) implemented a dedicated CDR and 

found it improved recipients’ experience with appropriate device placement; resulting in 

the device functioning until treatment was complete and thus reduced length of hospital 

stay. However, this decision rule lacks robust analysis and validation and, is almost 20 

years old where replication studies to support these data have not been found. CDR 

ideally originate from prospective and clinically relevant data from a patient group 

making it generalizable to that population (Hendriksen et al., 2013). Developing a valid 

CDR for PIVC insertion success in the ED requires a stepped process: firstly, to identify 

the appropriate variables; and, secondly, to identify the risk factors for insertion failure. 

A CDR can then be evaluated for validity, reliability, clinical utility, clinical 

acceptability, and usability before any formal implementation in the ED.   

 

Research Aim 

The aim of this research is to improve FTIS and length of functional dwell of PIVCs 

inserted in the ED. By identifying risk factors for PIVC insertion failure, and PIF, a 

CDR can be developed that could potentially improve first time insertion success in the 

ED and survival of PIVCs in the adult population. The research proposes to develop a 

CDR that can potentially improve decisions around PIVC insertion in the ED. It is 

beyond the scope of the PhD, however, to test the tool for validity and reliability – this 

is planned for the postdoctoral period. 
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Research Title and Questions  

Title: Derivation of a clinical decision rule for peripheral intravenous catheter insertion. 

Developing the Vascular Access Decision rule in the EmeRgency department (VADER) 

to improve first time insertion success and prolong functional dwell time of PIVCs.  

Questions: 

The VADER study has 3 questions.  

What are the risk factors for PIVC insertion failure? 

What are the insertion-related risk factors for post-insertion PIVC failure? 

Can these risk factors produce a VADER CDR to guide insertion in the ED? 

 

These questions guided the study design which incorporated a stepped process with two 

phases. Phase 1 was a clinical cohort study and medical chart review that informed 

Phase 2, which was a large, multi-centre clinical cohort study.  

 

To guide this research process, the conceptual framework was based on a contemporary 

approach called Vessel Health and Preservation (Hallam et al., 2016; Jackson, Hallam, 

Corner, & Hill, 2013; Moureau et al., 2012). Essentially, the approach incorporates 

critical consideration around the decision to insert a PIVC, with the intention of 

reducing unnecessary needle punctures as well as consideration around decisions for 

where and how the PIVC is placed with the aim of promoting survival of the PIVC 

while required for treatment. As such, this approach is focused on reducing repeated 

PIVC insertions, thereby preserving the venous anatomy. A fuller explanation is 

provided in Chapter 4.  

 

Significance of this Study 

The majority of patients admitted to hospital via the ED have a PIVC inserted (Fry, 

Romero, & Berry, 2016; Limm, Fang, Dendle, Stuart, & Egerton Warburton, 2013; 

Zarate, Mandleco, Wilshaw, & Ravert, 2008). Unfortunately, insertion failure in adult 

emergency settings range from 14% to a staggering 82% (Aulagnier et al., 2014; Carr, 

Rippey, Budgeon, et al., 2016a; Fields, Piela, Au, et al., 2014; Lapostolle et al., 2007; 

Sebbane et al., 2013; Witting, 2012). After traditional attempts using landmark 

techniques are exhausted, the use of ultrasound guided peripheral intravenous catheter 

(USGPIVC) insertion is a commonly employed rescue technique. However, even this 

method does not guarantee success with reported first time insertion failure of 42%-

87% (Brannam, Blaivas, Lyon, & Flake, 2004; Costantino, Parikh, Satz, & Fojtik, 
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2005). Fields, Piela and Ku (2014) identify that patients’ pain is increased with multiple 

insertions compared to one insertion attempt. Newer techniques include near infrared 

enabled vein viewer devices but there is limited data on their effectiveness.  

 

Equally as important as procedural success, is the prevention of PIVC post insertion 

failure also referred to as premature device failure. The failure rates of PIVCs after 

insertion by a traditional approach in the ED is largely unknown. Recent evidence on 

PIVC failure reports an excessive degree of post-insertion failure through infiltration, 

occlusion, phlebitis, and dislodgement, thus contributing to economic waste (Tuffaha et 

al., 2014; Wallis et al., 2014). Many of these failures may stem from suboptimal PIVC 

insertion procedures and result in further costs through the requirement of a replacement 

device and thus further painful procedures for patients.  

 

This research aimed to develop a CDR to ultimately improve pre-insertion assessment 

approach and decisions about PIVC placement in the ED. Promoting a rigorous 

justification for a clinical indication for PIVC insertion in the first place would yield 

initial return, given the high reported prevalence of idle PIVCs originating from ED 

insertions (Limm et al., 2013). Additionally, the results of this research will in part 

contribute to the description of what are clinical indications for insertion of a PIVC is, 

given current definitions are varied and heterogeneous (Becerra, Shirley, & Safdar, 

2016). Reducing failed insertion attempts and improving insertion practice through 

implementation of a CDR could lead to better staff and patient experiences, as well as 

greater hospital efficiency. 

  

Thesis Layout 

This thesis contains seven chapters and appendices; these include: 

Chapter One: outlines the background and context, clinical problem, clinical 

significance, research aims and questions and conceptual framework for the thesis.  

Chapter Two: outlines a comprehensive review of relevant literature about PIVC 

insertion, FTIS and provides a critique of the literature that informed the development 

of the VADER study.  

Chapter Three: contains a systematic scoping literature review of existing tools, rules 

and algorithms, i.e. CDRs, published in the Journal of Hospital Medicine, with an 

introduction to the paper.  
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Chapter Four: presents the research methods and conceptual framework for the study. It 

outlines the two phases of the study with a description of the methods used, study 

settings, sampling framework, recruitment, procedures, data collection, validity, 

reliability, and ethical considerations. Within this chapter, a study protocol for the 

development of the CDR, published in BMJ Open, is presented. 

Chapter Five: This chapter contains two published manuscripts. The first manuscript 

includes the results of the Phase 1 cohort study identifying factors associated with first 

time insertion success; this was published in the Journal of Vascular Access and is 

included with an introduction.   

The second manuscript comprises of a published paper which reports the Phase 1 

medical chart review undertaken to identify the level of post-insertion failure for ED 

inserted PIVCs in admitted patients. Beginning with an introduction, the publication in 

Infection Control and Hospital Epidemiology is presented. 

Chapter Six: Contains two manuscripts in preparation for journal submission. These 

represent the results of Phase 2. The first paper is the developed FTIS model with 

internal validation. This is currently in preparation for submission to an academic 

journal. The second manuscript reports on the findings on PIF and is currently in 

preparation for submission to an academic journal.   

Chapter Seven: provides an overview of the study findings and how they relate to the 

research aims and questions, in addition to recommendations for practice, policy and 

future research. Study limitations are outlined. Finally, the chapter and thesis end with 

the study conclusions.  

 

Conclusion 

A CDR for PIVC insertion success could benefit the large population who attend EDs 

annually and receive PIVCs, including those who are subsequently admitted to the 

ward. PIVCs are the most frequently inserted intravascular device in the ED. Successful 

insertion requires the combination of a small set of significant procedural steps for 

successful outcomes. While studies have targeted prevention of PIVC failure and 

independent risk factors for occlusion, phlebitis, and accidental removal during PIVC 

dwell (Lee et al., 2009; Wallis et al., 2014; Walsh, 2008), a greater focus needs to be on 

how the insertion procedure itself can prevent these occurring. This could improve the 

journey of patients with ED-inserted PIVCs, and reduce the rates of failure both at the 

time of insertion and thereafter. Risk factors for insertion and PIF need to be thoroughly 

explored to inform the development of a clinical decision making CDR. This study 
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provided an opportunity to advance the science of vascular access by developing a valid 

and robust CDR suitable for potential routine clinical implementation to improve and 

sustain first time PIVC insertion success, and ultimately prevent post-insertion device 

failure. 
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Chapter 2 Comprehensive Literature Review 

 

Introduction 

The literature review for this research is provided in two chapters. Chapter 2 presents 

the literature about PIVCs, and the factors identified as influencing first time insertion 

success and continued functioning until treatment is completed. Chapter 3 focuses on 

the literature surrounding tools, clinical prediction rules or algorithms (TRAs) for PIVC 

insertion. As most TRAs are based on risk factors, there is some unavoidable overlap. 

However, the purpose of the scoping review is to investigate what PIVC decision-

making approaches for adult PIVC insertion exist and what they entail. 

 

Where possible, Chapter 2 provides an overview of PIVCs and factors predicting 

insertion failure in the context of the ED setting. A secondary focus is to identify the 

effectiveness of the responses to insertion failure; for example, the use of ultrasound to 

rescue a difficult insertion procedure. Successful cannulation may have immediate 

patient benefit, but this can be short lived if failure occurs post-insertion and a repeat 

insertion is required. Owing to this observation, published risk factors for PIVC post-

insertion failure are also appraised. This review is situated within a growing body of 

research pertinent to the insertion, management and care of peripheral vascular devices.  

 

Search Methods 

The following databases were used to search for relevant studies: PubMed, CINAHL, 

EMBASE, Google Scholar, and the Cochrane Database of Systematic Reviews. Medical 

Subject Headings (MeSH) were created with assistance from a research librarian and 

tailored functions within individual databases allowed for advanced means to exploit 

key search terms and limit them to treatment outcomes. Studies that focused on 

insertion in the ED were retrieved. The following search terms were used: “peripheral 

intravenous cannulation”; “difficult vascular access insertion”; “Vascular Access 

Device”; “Catheterization”; “Peripheral Catheterization”; and “Peripheral Cannula”. 

Available grey literature such as recorded conference abstracts was sought using a 

variety of approaches. The above keywords and search terms were also entered into the 

Google and Google Scholar search engines. The Read QxMd application was 

downloaded from iTunes and the keywords “vascular access” and “peripheral 

intravenous cannulation” were used to retrieve the latest publications. Social Media 



11 

resources such as Twitter and IVTeam.com and really simple syndication (RSS) feeds 

were created. Additionally, Google and Google Scholar alerts with similar key word 

search terms were created and tracked using available proprietary systems. All studies 

were included and stored in a bibliography manager Mendeley, (2017). Many studies 

reported nurses as the clinician group commonly responsible for the insertion of PIVCs 

(Aponte et al., 2007; Bair, Rose, Vance, Andrada-Brown, & Kuppermann, 2008; 

Darvish, Shroff, Mostofi, Weiner, & Sarff, 2011; Doniger, Ishimine, Fox, & Kanegaye, 

2009; Kerforne et al., 2012), thus the topic is of high importance to nursing practice and 

science.  

 

PIVC indications for use  

Indications for PIVC insertion include the delivery of fluids, blood products, and 

medicines, or intravenous contrast for radiographic purposes (Limm et al., 2013). 

Specific emergency indications are hypovolemia, cardiac arrhythmia, oesophageal 

varices, and anticipated blood loss e.g. obstetrics patients (Crowley et al., 2012; 

Gausche et al., 1998; McGowan, 2010; Tiwari et al., 2011). However, many PIVCs are 

inserted “just in case” and become “redundant” (also “unused”, “prophylactic”, or 

“idle”) when the expectation of use is not realised and instead exposes the patient to a 

potential risk of catheter-related infection (Goddard, Clayton, Peto, & Bowler, 2006; 

Thomas, Hayes, Lockie, & Harrington, 2006; Zingg & Pittet, 2009). Such use is 

considered acceptable when indicated prior to procedures or for unstable patients 

(Waitt, Waitt, & Pirmohamed, 2004) such as pre-operative and cardiac complaints, or 

acceptable if access is potentially needed within forty eight hours (Waitt et al., 2004). In 

the ED, adult patients often receive over treatment in the form of unnecessary PIVCs 

(Zarate et al., 2008). A recent integrative review called for a consistent definition of idle 

PIVCs, and future studies should acknowledge this in their research efforts to prevent 

PIVC complications (Becerra et al., 2016). Important potential savings have been 

identified by Gausche et al. (1998) in a study that identified 56% of PIVC placements 

were unnecessary. The authors estimated addressing this problem would lead to 

potential cost savings in the United States (US) in the order of half a million US dollars 

(Gausche et al., 1998), and plausibly be much more in today’s economy. 

 

Overview of potential PIVC complications 

PIVC insertion causes a break in the patient’s skin and a potential portal of entry for 

microorganisms that may lead to catheter-related tissue or bloodstream infection (Pujol 
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et al., 2007; Trinh et al., 2011; Zingg & Pittet, 2009). These infections can contribute to 

mortality and morbidity. Staphylococcus aureus bacteremia (SAB) was identified as the 

most serious causative organism in catheter-related blood stream infection by Stuart 

(2013) and colleagues, with an all cause 30-day mortality rate of 26%. It is estimated 

that as many as 5,000 PIVC associated bloodstream infections occur in the UK alone 

each year (Castro-Sánchez et al., 2014). In a systematic review by Maki, Kluger, & 

Crnich (2006), the risk of PIVC bloodstream infection was 0.5 per 1,000 catheter days 

or 0.1% of all PIVCs inserted, with lower findings in recent clinical studies (Rickard et 

al., 2012). If injury to nerves occurs, it contributes to iatrogenic complications leading 

to disability and other healthcare interventions ensue (Stevens et al., 2012; Thrush & 

Belsole, 1995).  

 

PIVC post-insertion failure in the adult population ranges from 33-50% (Bregenzer, 

Conen, Sakmann, & Widmer, 1998; Carr et al., 2010; Wallis et al., 2014). The range of 

possible complications that have been reported are: phlebitis/thrombophlebitis, 

psychological distress (needle phobia) when repeat re-insertion attempts occur, nerve 

injury, dislodgement, occlusion, air embolism, tissue necrosis, infiltration/extravasation, 

infection, and death (Jenkins, 2014; Khadim, Leonard, Moorehead, & Hill, 2013; Pujol 

et al., 2007; Stevens et al., 2012; Wallis et al., 2014; Walsh, 2008; Zingg & Pittet, 

2009). Post-insertion failure is multifactorial and is influenced by patient characteristics, 

device characteristics such as closed system PIVCs, dressing/securement device type 

(Lopez et al., 2009; Carr et al., 2010; Marsh et al., 2015) and environmental factors.  

 

The PIVC in the Emergency Department 

Establishing and securing PIVCs is of high importance for the critically ill or unstable 

patient who attends the ED (Crowley et al., 2012). PIVCs are the first choice of vascular 

access device for patient treatment in these settings (Sebbane et al., 2013; Tiwari et al., 

2011). One study estimated >25 million PIVCs are used in French EDs each year 

(Sebbane et al., 2013), while intravenous therapy via PIVCs is the leading ED 

procedure in the US (Niska, Bhuiya, & Xu, 2010). Nursing staff place many PIVCs in 

the ED, with nurse-inserted PIVCs having the lowest phlebitis rate in a sample of 432 

ED presentations (2.9% for nurse-inserted PIVCs; 6.1% for ED technicians; 7.8% pre-

hospital inserters) (Zarate et al., 2008). In Australia, a retrospective review of 5 years of 

catheter-related SAB bloodstream infections from two hospitals found 39.6% associated 

with ED inserted PIVCs (Stuart et al., 2013). PIVC insertions in the ED have been 
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reported as strongly associated with phlebitis and bacteraemia and as a result routine 

PIVC replacement within 24 hours is recommended by some in an attempt to prevent 

infection (Stuart et al., 2013; Trinh et al., 2011; Zingg & Pittet, 2009). 

 

A strong motivation for PIVC insertion in ED is not necessarily therapy, but due to the 

use of the device to obtain diagnostic blood samples (Hoctor, 2009). Multiple 

haematological investigations may be undertaken at this time (Hoctor, 2009; Kelly & 

Klim, 2013). Blood assays, in particular venous blood gas, can be obtained in the ED 

from the PIVC with valid and reliable results; therefore, patients avoid a separate 

venepuncture or more painful arterial needle insertions, (Kelly & Klim, 2013) which is 

attractive for time precious ED clinicians and for speeding up patient flow (Hoctor, 

2009; Zengin & Enç, 2008). This can potentially prevent repeated painful experiences 

for the patient and damage to the venous anatomy (Nguyen, Hirsh, Khan, Massey, & 

Simon, 2010).  

 

Concern arises when PIVCs are used exclusively for blood sampling in the ED as this 

may lead to unused PIVCs being left in situ once patients are transferred to the ward. 

The resultant discomfort for patients is in addition to the risk for infection, as well as 

other PIVC complications (Egerton-Warburton & Ieraci, 2013; Limm et al., 2013; 

Zingg & Pittet, 2009). The rate of unused ED PIVCs, (including Australia), is reported 

at 45-50% (Abbas, de Vries, Shaw, & Abbas, 2007; Goddard et al., 2006; Limm et al., 

2013; Thomas et al., 2006). Limm et al., (2013) identified that nursing staff inserted 

80% of PIVCs in the ED, which suggests that there is an opportunity to explore nursing 

rationale and practices for PIVC insertion in the ED (Limm et al., 2013).  

 

Successful PIVC insertion  

PIVC insertion involves puncture of the skin by a needle stylet to access the vein using 

an “over the needle” concept (Gent & Hone, 2012). Initial insertion success is 

confirmed with immediate blood flashback into the PIVC (Hadaway, 2012). Successful 

placement of the catheter/cannula is confirmed by the ability to pass a flush of saline 

into the vein (Cuper et al., 2012; Jacobson & Winslow, 2005; Riker et al., 2011). When 

a vein is visible and/or palpable it is thought to facilitate first time insertion success 

(Sabri, Szalas, Holmes, Labib, & Mussivand, 2013). Performing insertion based on 

anatomical landmarks where no visible and or palpable veins are present can cause 

avoidable injury to the vein and adjoining anatomical structures such as nerves or 
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arteries and ultimately compromise the success of the procedure. Prior to any insertion 

attempt, it is important to assess the venous anatomy to target the most appropriate 

vessel. In a study of 40 cadavers, anatomical distribution of nerves and veins pertaining 

to PIVC insertion varied between individuals (Yamada, Yamada, Katsuda, & Hida, 

2008).  

 

FTIS rates are a cause for concern. Two accepted insertion approaches are used: a 

traditional approach (i.e landmark palpation); and an ultrasound guided or vessel 

locating technology (use of near infrared light) approach. Independent risk factors for 

failure using the traditional approach appear to be extremes of BMI and poor 

description of the veins appearance; and first time PIVC insertion failure rates range 

from 61-86% (Carr, et al., 2016a; Sebbane et al., 2013; Witting, 2012). Table 1 details 

eleven studies on insertion variables and associated FTIS success rates for PIVCs in 

adults, and Table 2 contains information from ten paediatric PIVC studies. When 

multiple unsuccessful PIVC insertions occur, patients may require central venous 

catheter placement with a resultant delay in diagnostic tests and treatment, adding to the 

risk of associated complications with such an invasive VAD placement (Bauman, 

Braude, & Crandall, 2009).  

 

Technology to support FTIS  

With the uptake of point of care ultrasound guided peripheral intravenous cannulation 

(USGPIVC) and other vein locating technology, one would assume the FTIS rates 

would be better. However, following two failed traditional attempts, the reported rates 

of FTIS with ultrasound ranges from 42%-87% (Brannam et al., 2004; Costantino et al., 

2005). Traditional “blind” insertion methods should be avoided when the target 

insertion site has neither a visible or palpable vessel, since this is characteristic of a 

difficult insertion (de la Torre-Montero et al., 2013; Yen et al., 2008). 

 

Table 3 displays prospective cohort studies which investigated the efficacy of 

USGPIVC in patients with difficult intravenous access (DIVA). Current guidelines 

advocate two or more traditional insertion attempts in preference to ultrasound-guided 

insertion. Other vessel-finding devices are a more recent development that may be used 

to assist with PIVC insertion, including ambient light, trans-illuminators, near infrared 

technology (NIRT) devices, along with ultrasound (Chiao et al., 2013; Egan et al., 2013; 

Heinrichs, Fritze, Vandermeer, Klassen, & Curtis., 2013; Liu, Alsaawi, & Bjornsson, 
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2013). Although not yet widely accepted in clinical environments, NIRT vessel locating 

devices have been found to be beneficial in some settings (Lamperti & Pittiruti, 2013). 

On average, the additional suitable veins that can be found using these devices increases 

threefold (Chiao et al., 2013). Future strategies will likely employ NIRT but as yet only 

one randomised controlled clinical trial assessed its efficacy with insertion, and reported 

less than supportive results of this as a vessel-locating device (Aulagnier et al., 2014). A 

French randomised controlled trial testing the efficacy of NIRT Accuvein versus 

traditional insertion methods in an adult ED population (n=272) showed first time 

insertion in the Accuvein group was 30/157 (19.1%) whereas in the traditional group 

21/115 (18.3%) had their cannula inserted on the first attempt. Of note, failure was 

defined as three unsuccessful attempts and dwell time was not recorded (Aulagnier et 

al., 2014).  

 

Identifying risk factors for difficult insertion 

Various factors that contribute to insertion failure or difficult insertion have been noted 

in the literature. Sabri et al., (2013) performed a systematic review of insertion risks and 

identified the following clinical issues predicted insertion failure: multiple co-

morbidities; high body mass index; hypovolemia; dehydration; patients on 

chemotherapy or renal dialysis; intravenous drug users; and paediatric patients (Sabri et 

al., 2013). This review focused heavily on product and additional adjuncts that may 

improve FTIS such as warm compresses and ambient lights. Despite the thoroughness 

of this review, limitations exist and one specifically is the absence of a critique of CDRs 

to promote FTIS since this would negate the DIVA description. The factors from the 

studies in Tables 1, 2 and 3 will now be discussed under the headings of patient and 

clinician variables with specific risk factors pertinent to ED discussed later in this 

chapter.  

 

Patient Variables 

Patient variables identified from the literature include the number of visible and 

palpable veins, skin shade, body mass index (BMI), and patient clinical and vascular 

access history. Non-visible veins are a risk factor if a traditional landmark technique is 

used (i.e. blind insertion). Nerve injury or inadvertent arterial puncture may result, 

particularly when the distribution of veins, arteries, and nerves varies from the classic 

textbook biology (Yamada et al., 2008). If veins are not just non-visible but also non-

palpable, then FTIS is significantly reduced (Nafiu et al., 2010; Sebbane et al., 2013; 
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Yen et al., 2008). Patient preference or values should be accounted for, but in reality, 

are dependent on what healthcare institutions can provide and particular clinical 

scenarios such as a medical emergency.  

 

Six of the 21 adult and paediatric papers identified greater BMI as a predictor of 

difficult PIVC insertion (Bensghir et al., 2012; Cuper et al., 2012; de la Torre-Montero 

et al., 2013; de Negri, Avelar, Andreoni, & Pedreira, 2012; Jacobson & Winslow, 2005; 

Juvin, Blarel, Bruno, & Desmonts, 2003; Lenhardt, Seybold, Kimberger, Stoiser, & 

Sessler, 2002; Sebbane et al., 2013). Thus, greater BMI appears to be important, but 

patients attending ED do not always have height and weight measurement taken to 

enable this variable to be of practical use. It may be more pragmatic to classify patients 

by sight into categories, such as emaciated, underweight, normal weight, overweight, 

obese, but this has not yet been studied. In contrast, Lapostelle et al. (2007) found that 

BMI had no relationship with insertion failure. This may be partly attributed to low 

numbers of patients in that study (19%; n=88) who had a recorded BMI of greater than 

30, and 40 (8%) with a BMI above 40. Juvin et al. (2003) identified PIVC insertion was 

difficult in obese patients. However, despite their stated aim to assess the use of PIVCs 

in an obese population, the study did not report an insertion success rate, nor did they 

report the number of subsequent attempts (if any) or dwell time (Juvin et al., 2003). 

Sebbane et al. (2012) found a significant association between BMI and PIVC insertion 

failure but did not reveal how the measurements were recorded, and visibility of vessels 

(or lack thereof) was independently associated with insertion failure. The method of 

recording BMI is unknown and in some papers is likely to be categorized by sight and 

then differentiated by the global BMI ratings. One study dichotomised BMI into obese 

and non-obese and found it non-significant in a multi-variable logistic regression 

(Fields, et al., 2014). Of late, mid upper arm circumference (MUAC) measurement 

appears to be valid replacement for BMI, however questions remain whether this would 

be an easy anthropometric measurement to obtain in a busy ED (Wijnhoven et al., 

2010). Reliability of MUAC with BMI would be required. What is more pragmatic in 

the real world setting is the clinician or researcher being able to estimate BMI by sight; 

however, this is not always accurate (Ahlers-Schmidt, Kroeker, Chesser, Hart, & 

Brannon, 2010) and so a valid and reliable approach is required if perception of BMI is 

to be used in predicting difficult insertion.  

 

Other patient-specific variables that appear to be independent predictors of difficulty 

include: recent chemotherapy (Odds Ratio (OR) 4.54, 95% CI 2.92 to 7.03; P < 0.001); 
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and the presence of burns (OR 3.59, 95% CI 2.44 to 5.27; P < 0.001) (Bensghir et al., 

2012). Additionally, Fields performed a multivariate logistic regression and identified 

three independent factors for DIVA that included: diabetes (OR 2.1, 95% CI 1.3-3.4); 

intravenous drug abuse (IVDU) (OR 2.4, 95% CI 1.1-5.3); and, sickle cell disease 

(SCD) (OR 3.5, 95% CI 1.4-8.4). 

 

Clinician variables 

Clinician variables likely associated with FTIS include the practitioner’s choice of 

catheter size to maximize procedural outcome and minimize risk (Jackson, 1997; Sabri 

et al., 2013), and their confidence to predict a successful insertion (Barnsley et al., 

2004). Adequate resources and technology such as vessel locating technology are also 

important considerations when deciding on the appropriate method of PIVC insertion 

(Bauman et al., 2009; Dargin, Rebholz, Lowenstein, Mitchell, & Feldman, 2010; Fields 

et al., 2012). Many studies used regression techniques to identify predictive causes for 

successful insertion (Bensghir et al., 2012; Cuper et al., 2012; de Negri et al., 2012; 

Jacobson, 1999; Lapostolle et al., 2007; van Loon et al., 2016; Riker et al., 2011; 

Sebbane et al., 2013; Yen et al., 2008). Bensghir et al (2012) identified from a large 

prospective single centre study in the operating room that a nurse in training (OR 2.27, 

95% CI 1.40 to 3.63; P = 0.001), or a resident in training (OR 2.14, 95% CI 1.29 to 

3.58; P = 0.003) were independently associated with PIVC insertion difficulty. In a 

similar clinical setting, van Loon et al., (2016) omitted a clinician variable in their 

multivariate model reporting FTIS of 83%, citing experienced anesthesiologists and 

nurse anesthetists performed the PIVC insertions. In contrast, Lapostolle et al. (2007) 

identified that nurses, specialized in ED care, had a significantly higher first time 

insertion success than anesthesiologists, emergency physicians, nursing students or 

resident/medical students OR 3.96, 95% CI 1.78-8.83).  

 

Operator skill level and the clinician’s ability to predict the level of difficulty was 

identified in one study (Riker et al., 2011) to be associated with success, but the authors 

omitted reporting the outcomes of this subjective variable from their final clinical 

prediction model due to its possible bias. However, subjective information such as 

confidence can influence FTIS, as found by Rippey et al., (2016)  who recommend 

including it (Rippey, Carr, Cooke, Higgins, & Rickard, 2016). In contrast, Cuper et al. 

(2011) found objective measurements poorly predicted insertion difficulty. It appears 

that, rather than patient predicting for difficulty per se, a decision rule should consider 
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the clinician’s perception of likelihood or confidence that they personally will achieve 

first time insertion (Rippey et al., 2016), along with their procedural competency. This 

is a potentially useful way by asking clinicians to self-identify if their expertise is a risk 

factor. For example, when the clinician inserting a PIVC is confident to succeed on the 

first attempt they would proceed, and when they were not, they would refer the 

procedure to a colleague with more expertise or use technology such as 

ultrasound/vessel locating devices. In contradiction, Barnsley (2004) found no 

relationship between self-reported confidence and actual performance and revealed an 

overestimation of confidence with actual competency in performing venepuncture and 

PIVC insertion when surveying a variety of medical students’ clinical skills (Barnsley et 

al., 2004).  

Of the eleven studies in Table 2, four discussed the importance of a specialist or 

experienced nurse inserting the PIVC to increase first time insertion success (Cuper et 

al., 2012; de Negri et al., 2012; Frey, 1998; Reigart et al., 2012). However, Legemaat 

and colleagues found the IV team approach was not independently associated with 

greater success. Two of the adult papers identified the importance of a specialist or 

expert inserting the PIVC (Jacobson, 1999; Lapostolle et al., 2007). Regardless of the 

clinician level of specialty or professional role, clinicians should have a CDR to help 

identify patients at high-risk of PIVC insertion failure and this should be identified in 

the pre-assessment phase.  
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Table 1 Factors associated with FTIS 

Author Year 

Country 

Population & 

Sample 

Design & Setting  Aims and Methods Main Finding/ Results Limitations Clinical Application 

*Bensighir et al 
2012 

France  

 

1325 patients 
undergoing 

elective surgery. 

Prospective cohort 
Operating Room  

The aim was to identify predictive 
factors of difficult vascular access in 

the operating room. Difficulty of 

insertion measured by number of 
attempts required. 1-2 = easy and >2 = 

difficult.  

FTIS: 51%. Multivariate analysis revealed 
chemotherapy (OR 4.54, 95% CI [2.92 to 

7.03]; P < 0.001), a nurse in training (OR 

2.27, 95% CI [1.40 to 3.63]; P = 0.001), a 
resident in training (OR 2.14, 95% CI 

[1.29 to 3.58]; P = 0.003) and the presence 

of burns (OR 3.59, 95% CI [2.44 to 5.27]; 
P < 0.001) are independent predictors of 

difficulty of peripheral venous access. 

Single centre specific to 
operating room.  Dwell 

time of the PIVC not 

measured. 

Burns and chemotherapy patients should be 
directed to expert inserters. Consideration of 

training strategies to improve success for 

novice/inexperienced inserters. 

Carr et al 
2016 

Australia 

Patients in ED 
N=734 

Prospective Cohort 
(Self-Report) 

Single Centre 

ED 
 

To identify factors affecting First 
Time Insertion Success 

FTIS: 86% 460 complete cases were used 
to develop 3 models: patient; clinician; 

and combined model with multivariate 

analysis. Identified independent predictors 
of FTIS were: Age <40v 80+yrs OR 3.04 

CI (1.05-8.83) (p 0.041) (patient model), 

Emaciated v Normal patient size 0.07 CI 
(0.02-0.34) (p 0.001), greater number of 

available sites >3v’s 0, OR 12.43 CI (2.25-

68.49) (p 0.004), presence of a visible vein 
OR = 2.7 (1.19-6.13) (p0.018), ACF v’s 

Forearm OR 2.82 CI (1.28-6.24) (p0.01) 

(combined model). Clinician factors 
included number of PIVC inserted >800 

v’s 0-100 OR 7.64 CI (2.48-23.51 

(p0.001) and the pre procedural 
Likelihood of FTIS OR 1.06 CI (1.04-

1.07) (p<0.001) (combined model). The 

combined model AUC 0.87.  

Self-report, single centre.  A simple clinical prediction rule that matches 
clinical experience and confidence with better 

outcomes in patients with few veins.  

Fields et al  

2014 

USA 

767 patients Prospective Cohort 

Study in an Urban 

ED  

Primary outcome was the risk factors 

associated DIVA: Variables included: 

age, gender, race, BMI, history of 
chemotherapy, diabetes, dialysis, 

intravenous drug abuse IVDA, 

swelling, sickle cell disease (SCD) 
and ED visit or recent hospitalization 

within 90 days. A power calculation 

was done. DIVA defined as 3 or more 
attempts (2 failures) or if rescue 

access was employed (external jugular 

or ultrasound PIVC placement).  

FTIS: 77%.  Of the subsequent attempts 

(n= 181) only 6 used ultrasound guided 

intravenous insertion (USGIV). The 
second traditional attempts resulted in a 

53% success (93/175). A total of 88 

patients met DIVA criteria 11.8% (95% CI 
9.6%-14.4%) with a further 13 requiring 

USGIV. No one required EJ, IO, or CVC 

insertion. Statistical univariate predictors 
of failure included; diabetes p=0.02. IV 

drug abuse p=<0.01, SCD p=<0.01, upper 

extremity swelling (increased 
subcutaneous tissue) p=<0.01, admission 

in the last 90 days p=0.02. Multivariate 

logistic regression identified three 
independent RF for DIVA included 

diabetes OR 2.1, OR 2.4 IVDA and OR 

3.5 SCD.  

Excluded critically ill 

patients and therefore only 

stable patients were used. 
Selection bias (fear of 

refusal may have coerced 

the RA to find patients 
who would agree to the 

study). Further bias with 

data collection during 
business hours.  

IV drug users are at risk of insertion failure. 

The definition of diabetes is not reported but 

doubles risk. Therefore, it is unknown if 
insulin, tablet, or diet-controlled diabetes is a 

particular issue or diabetes itself. As sickle cell 

disease is a prevalent in African and African 
American populations it is specific to 

departments who care for such patients. The 

identification of the role and experience of the 
inserter is omitted and this could contribute to 

insertion failure. In theory, the clinician 

experience should correlate with insertion 
success and thereby represent an RF for 

difficult insertion.  
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Author Year 

Country 

Population & 

Sample 

Design & Setting  Aims and Methods Main Finding/ Results Limitations Clinical Application 

Jacobson and 

Winslow 
2005 

USA 

 

34 RNs 

339 IV 
Insertions 

Quantitative 

descriptive 
questionnaire 

Medical Centre 

Examined variables associated with 

IV insertion difficulty, failure and 
success. Used a validated 

questionnaire containing items related 

to IV insertion.  

FTIS: 77%. Those with greater years of 

experience, certified in a specialty and 
self-rated their insertion skill as high were 

significantly more successful than 

younger, less experienced and less skilled 
colleagues (p <0.001).  

Self-report. Excluded other 

health care providers 
(HCP) who may have a 

different self -rate/report.  

Higher skill (based on self-rating), 

certification, and years of experience may 
predict the likelihood to succeed.  

Juvin et al 
2003 

France 

 

56 patients Prospective study 
comparing PIVC 

success in lean and 

obese patients. 
Operating Room.  

Consecutive patients scheduled for 
surgery received an 18g PIVC 

inserted by Nurse Anesthetist or 

Anesthesiologist.  Evaluation of the 
ease of insertion by various insertion 

variables. Venous insertion scored as 

0=Easy to infinity indicating difficult 
insertion. BMI, Lean to Obese not 

classified.   

FTIS: unreported. 
Scores awarded for: additional tourniquet 

placement, number of skin punctures, 

number of additional operators, number of 
additional puncture sites (upper/lower 

limb and external jugular), number of 

catheters used. The highest score value 
was 5 in the lean group and 9 in the obese 

group (p 0.05). BMI in lean was 
23±3kg/m2 and for morbidly obese 

recruits 46±12kg/m2. 

Excluded hypovolemic and 
chemotherapy patients.  

Did not reveal the actual 

FTIS nor dwell time 
thereafter. Tool not 

externally validated. 

Limited to 18g cannula. 
Cannulated vessel not 

reported. Vessel depth and 
catheter length not 

evaluated. 

Confirms PIVC placement in obese is difficult 
but placement of a central line is not the 

desired default.  

Lapostelle et al 

2007 
France 

495 patients  

671 IV 
insertions 

Pre-hospital 

prospective 
observational study.   

Out of hospital 

French emergency 
service.  

Questionnaire included demographic 

data, operator experience, clinical 
condition, classification of the degree 

of emergency (e.g. cardiac arrest), 

size and site of cannulation, social 
circumstances (clean or dirty 

environment) of recipients and natural 

or article lighting as well as medical 
history. Difficulty level assessed by a 

Visual Analogue scale of Easy to 

Difficult.  

FTIS:  74%.  

18g was the preferred choice. Predicators 
of successful PIVC insertion on 

Multivariate analysis (CI of 95%) include  

Nurse specialized in Emergency Care (OR  
3.959, CI 1.778-8.813, p<0.001), Size of 

cannula; 14-18G (OR 0.793 CI 0.669-

0.940, p=0.007), Medical observations 
(referred to as recent PIVC and 

Chemotherapy) (OR 0.120 CI 0.045-0.323 

p<0.001) Dirty patient (OR 0.505 CI 
0.291-0.877) p=0.015  

Final insertion success was 99%.  

Dwell time/survival of the 

pre-hospital cannula not 
reported nor the identified 

rate of failure or infection 

if any (beyond the scope of 
the study). The criterion 

for “Medical observations” 

was defined as recent 
cannulation or 

chemotherapy likely to 

limit access options.   

Nurses specializing in ED who insert PIVC in 

emergent situations were associated with 
improved first time insertion success rate, 

when using large PIVC 14-18g in clean 

patients without history of recent PIVC 
insertion and chemotherapy). Ultimate 

successful PIVC insertion was 99%.  

Rippey et al 
2016 

Australia 

Patients in ED 
N=734 

Prospective Cohort 
(Self-Report) 

Single Centre 

ED 
 

To develop a clinician led algorithm 
that predicts FTIS. Secondary data 

analysis from Carr et al. (2016a) 

FTIS: 86%. Identifies 18% of the 
population who are at higher risk of 

insertion failure. This number accounted 

for 57% of all failures. By implementing 
the algorithm clinicians with a higher pre-

procedural success estimate would result 

in a relative risk reduction of 31%.   

Self report: May have 
excluded more cases with 

insertion difficulty as well 

as omitting PIVC failures. 
Compares objectives 

measures that are likely 

subjective (i.e collected by 
the clinician) in origin.  

A simple algorithm that uses clinician 
prediction to predict insertion success.   

Sebbane et al 

2013 

France 

 

 563 patients Prospective cohort 

in an urban 

university hospital 

setting. 

Demographic data was recorded, 

PIVC insertion characteristics such as: 

operator, patient’s accessible veins 

(defined as good if “many” veins 

present and termed favorable, and 
poor if “few” veins present termed 

unfavorable), cannula size, IV access 

site, number of attempts. BMI was 
calculated. Difficult cannulation was 

defined by more than 1 attempt.   

FTIS: 79%. Inter rater reliability of 

clinical assessment k score = 0.72 (95% CI 

0.59–0.85). Multivariate logistic 

regression to explore factors related to 

failure of insertion included BMI ≥ 30 
(OR 1.98, 95% CI 1.09–3.60), a BMI < 

18.5 (OR 2.24; 95% CI 1.07–4.66), an 

unfavourable (OR 1.66, 95% CI 1.02–
2.69), or very unfavourable clinical 

assessment of PC accessibility (OR 2.38, 

95% CI 1.15–4.93). 

Single Center study. Dwell 

time not recorded so the 

post insertion failure rate 

unknown.  

These results suggest assessment is the key to 

predicting difficult access with BMI and 

number of accessible veins indicators for 

success or failure.  
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Author Year 

Country 

Population & 

Sample 

Design & Setting  Aims and Methods Main Finding/ Results Limitations Clinical Application 

van Loon et al 

2016  
Netherlands 

Patients N=1063 Prospective 

Observational 
Cross-sectional 

Cohort 

Single Centre  
Anesthesiology 

Department 

To develop a predictive scale to 

identify adult patients with PIVC 
difficultly 

FTIS: 83% Univariate and Multivariate 

logistic regression analysis performed with 
the latter identifying 5 predictors of first 

time insertion failure: non palpable vein 

OR 4.94 CI (2.85-8.56) (p<0.001); non 
visible vein OR 3.63 CI (2.09-6.32) 

(p<0.001); history of DIVA OR 3.86 CI 

(2.39-6.25) (p<0.001); unplanned surgery 
OR 4.86 CI (2.92-8.07) (p<0.001) vein 

diameter of <2mm OR 3.37 CI (2.12-5.36) 

(p<0.001). AUC 0.89.  

Operating department with 

PIVC insertions performed 
by experienced medical 

nursing personnel. Not yet 

externally validated.  

A 5 item clinical prediction rule that is 

applicable for the OR.  

Witting 

2012 

USA 

125 patients Prospective cohort 

study in an Urban 

ED  

A research assistant asked patient to 

select which closest represented their 

experience with previous IV line 

placement attempts: No prior IV line, 

No problem: ‘‘The first person who 

tries can usually get it.’’ Moderate 

difficulty: ‘‘It usually takes multiple 

tries AND a second person often 

needs to try it.’’ Severe difficulty: 

‘‘The nurses usually can’t get an IV 

line in me, and the doctor usually has 
to use advanced methods to get it in.’’ 

Categorized difficult insertion:  None: 

successful on first attempt: Mild: 
multiple skin punctures by the same 

provider. Moderate: requiring a 

second provider. Severe: requiring a 
physician. 

FTIS: 61%. Suggests prior difficult 

insertion history causes 2.5 fold increase 

in insertion difficulty. 75% had a PIVC 

placed for blood sampling. The number of 

skin punctures ranged from 1-17. Up to 

2hrs of emergency clinician resources 
were used on 5% of the population with 

severe difficult access.  Identifying a target 

difficult access population in ED could 
direct appropriate resources without 

compromising patient flow or time delays 

in the ED.  

A funded study with only 

one author even though the 

described methods 

suggested more 

collaborators by the use of 

“we”. Body mass index not 
recorded. Excluded 

patients who were unable 

to self-report their history 
of insertion. Limited 

inferential statistics are 

presented.  

Included patients’ prior experience with 

cannulation as a considered factor for success 

or failure. 

Key: RF Risk Factor, OR odd ratio, AOR adjusted odds ratio, PR prevalence Ratio, HR Hazard Ratio, CI Confidence Interval, BMI body mass index IVDU intravenous drug user, DIVA difficult intravenous access *Abstract in English 

only.   
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Table 2 Neonate and Paediatric risk factors 

Author Year 

Country 

Population & 

Sample 

Design & Setting  Aims and Methods Main Finding/ Results Limitations Clinical Application 

Cuper et al 
2011 

Netherlands 

 

Paediatric 
1261 patients 

 

Prospective 
cohort study 

Operating Room 

and Out-patients 
department 

To identify outcomes with time to 
successful IV insertion, success at 

first attempt. Predictors for difficult 

cannulation recorded included: age, 
gender, skin color, BMI or weight-to-

age z-score, the child being awake or 

anesthetized, operator profession and 
surgical specialty were recorded. 

Regression models were constructed 

to find significant predictors. Local 
medical ethics committee approved.  

FTIS: 73% in Operating room and 81% in 
Outpatients. Objective measurements 

poorly predicted the likelihood of success. 

Anesthetic nurses (more years and 
practice) had a better success rate than 

paediatric anesthesiologists (less 

cannulation performed). 77% of insertions 
were placed in the hand.   

Paediatric population 
Self-report.  

Size of cannula not 

described and may be a 
predictor of failure. Dwell 

time of the PC not 

measured. 
 

 

Specialist anaesthetic nurses with more 
experience in venepuncture/cannulation had 

improved insertion success.   

de Negri et al 

2012 
Brazil 

 

Pediatrics  

335 patients  

Cross sectional 

cohort study  
General paediatric 

ward 

Used demographic data: age, skin 

colour, site of PIVC placement, 
nutritional status (z score), relevant 

medical history, history of previous 

vascular access devices such as CVCs 
+/- complications with and +/- 

ultrasound, therapeutic toys, informed 

about the procedure, size of cannula, 
and tourniquet use were collected. 

Used prevalence ratio (PR) and 

binominal regression model to explain 
difficulties in obtaining peripheral 

cannula.   

FTIS: 89% for paediatric nurse insertions.  

Multivariate analysis displayed 
malnourished and previous CVC 

insertions contribute to insertion failure 

with PR of 2.15 and 3.90 times.  

Single-centre study. Did 

not describe visible and 
palpable veins in 

assessment. PC placement 

was not reported. 
Dominant limb side left or 

right not reported.  

Experienced paediatric nurses have an 89% 

insertion success rate; consideration should be 
given to using specialist inserters.  

Malnourished patients and those with a history 

of CVC are at high risk of first time insertion 
failure.   

Frey  

1998 

USA 

 
 

 

 
 

 

 
 

 

 
 

 

 

Paediatric 

656 patients 

Prospective cohort 

study. 

Urban Paediatric 

Hospital. 

Aimed to identify the number of 

attempts to initiate a PIVC by 

professional role: nurse, doctor, 

specialist nurse. Also to identify a 
relationship between time of day and 

IV insertion occurrence. 

Relate the results to cost.  
Difficulty defined as: patients who 

have endured multiple prior attempts, 

extremely poor venous access from 
multiple hospitalizations or prior 

hospital stay.  

FTIS: Specialist IV nurse first time 

insertion success was 98%. 

For other nurses trained in PC insertion 

first time insertion was 44% and for 
physicians’ first time insertion was 23%. 

A cost of $24 (US dollars) was estimated 

per insertion. When extrapolated using a 
financial formula a $250,000 in savings 

was suggested each year, which would 

cover the cost for 5 Specialist IV Nurses.   

The specialist IV nurse 

undertaking the 

intervention and also 

initiated the data tool and 
completed all the data 

collection leading to 

possible bias.  
A simple financial formula 

is proposed but does not 

include the differences in 
cost by various roles.  

One can assume a staff 

nurse is paid less than a 
specialist nurse and a 

doctor is paid more than a 

specialist nurse and nurse.  

Specialist IV nurse(s) reduces insertion failure. 
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Author Year 

Country 

Population & 

Sample 

Design & Setting  Aims and Methods Main Finding/ Results Limitations Clinical Application 

Larsen et al 

2010 

USA 

Paediatric 

592 patients 

Prospective cohort 

Multi-centre study 

Two Peadiatric 

hospitals  

Identify the time of insertion to 

success. To identify any relationship 

between the paediatric nurse’s self- 

report competency and first time 
insertion success. Identify patient 

characteristics as they pertain to 

difficult insertion and the effect of 
time of day and the number of 

attempts. The study variables for 

difficult access were classified as 1= 
little difficult, 2= somewhat difficult, 

3= very difficult. This was collapsed 

for analysis and included “not 
difficult”–“difficult”. Competence 

used the Dreyfus model of skill 

acquisition: novice, advanced, 
beginner, competent, proficient, and 

expert.  

FTIS: 46%.  

Experienced nurses in this study appeared 

to underestimate the degree of insertion 

difficulty. Nurse Experience <1year v’s 
>1yrs OR 1.80 CI [1.26-2.5].  

Receiver operating characteristics (ROC) 

were developed to make a prediction 
model although the area under the curve 

failed to reach a level of 0.75 which would 

imply that the model proposed was no 
better prediction than random chance.   

The level of training for 

nurses was poorly 

described. Did not use the 

DIVA score to classify 
difficulty.  

Did not identify a significant model to predict 

successful insertion.  

Legemaat et al 
2016 

Netherlands 

Neonate 
235 neonates 

Prospective cohort 
study of two 

Critical Care Units 

for neonates.  
 

Aimed to quantify the incidence of 
PIVC complications; both neonate 

and clinician factors.  

FTIS: 45%. 
Binary logistic regression technique 

Infiltration accounted for 67% of total 

PIVC failure. Neonatologist had great 
FTIS 55% success followed by physician 

assistants 52%, IV Nurse (41%).  

The rationale for removal 
in 518 PIVC was missing 

in 29%.  

One of the first papers to identify dwell time is 
also present in the neonate population. 

Identifies neonatologists were independently 

associated with FTIS and calls for the 
development of a vascular access specialist 

team to sustain higher FTIS.  

Linnger  

2003 
USA 

Paediatric 

249 patients 

Prospective cohort 

study of 
Paediatric medical 

and surgical wards  

To determine acceptable standards of 

insertion practice and the actual 
success rates of PC insertion in a 

paediatric setting. Data on the time of 

day the insertions occurred and with 
what frequency were collected. Data 

was collected over 3 occasions.  

FTIS: 47% at occasion 1 and 55% at 

occasion 2 with the 3rd occasion 57%.   
Physician success was reported incorrectly 

as 95% when it was n=95 and actual 

percentage is 23%. Insertions were initial 
or replacement PCs. Clinical nurse 

specialist collected all the self-report data. 

2-4 hours was the time devoted to PC 
education. Median nursing experience was 

2.84 years. They suggest a national 

standard of PC care to include 4 attempts 
as reasonable in achieving PC success.  

Self-report. In between the 

3 data collection periods 
PC catheter were changed 

(to safety one). This may 

account for some increase 
in success.  

Vessel locating devices or 

any other strategies to 
support or improve first 

time insertion success is 

not mentioned. High 
number (4) attempts are 

considered reasonable to 
insert a PIVC.  

The first time success rate was low and this 

provided descriptive data on the challenges to 
increasing first time insertion success.  

Nafiu et al 

2010 

USA 

 

Paediatric 

103 patients 

Prospective cohort 

study  

Operating Room.  

Main aim was to compare success 

rates with obese and non-obese 

paediatric patients. Demographic data 

and BMI were recorded as well as the 

number of insertion attempts, number 

of operators, and number of cannulae 
used. Evidence of successful insertion 

was defined (blood flashback and 

ability to pass flush). A sample size 
calculation was performed to 

sufficiently power the study. 

FTIS: 55%.  

BMI p=0.001, visible vein p=0.001 and 

palpable vein p=0.001 when obese were 

compared with a lean control. Obese 

subjects consumed more IV resources 

52.4% v 20.8% p=0.001. After first 
insertion attempt at the dorsum the volar 

aspect of the wrist improved insertion 

success in obese subject 20.85 v 2.1% 
p=0.03 

Single Center study. Dwell 

time not recorded so the 

post insertion failure rate is 

unknown.  

Obese paediatric patients consume more IV 

resources. High BMI, the number of visible 

and palpable veins are variables worth 

considering when assessing PC insertion.  
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Author Year 

Country 

Population & 

Sample 

Design & Setting  Aims and Methods Main Finding/ Results Limitations Clinical Application 

O’Neill et al 

2012 

Ireland 
 

Paediatric 

500 patients 

Prospective cohort 

study 

ED 

Validation of the DIVA rule. 

Prior to IV attempts, demographic 

data inclusive of age and DIVA score 
were recorded. A maximum of 3 

attempts per doctor were allowed, 

after which a more senior doctor 
undertook subsequent attempts. The 

site of successful placement was 

recorded. 

FTIS: 78%. 37.7% of cases with a score 

of  >4 or more had a failed attempt with a 

likelihood ratio of 1.6. Maximum attempts 
were 6. The utility of the DIVA tool was 

assessed by direct feedback to the 

investigator but the method used was not 
described.  

Dwell time of the PC not 

measured. Insertion by 

medical doctors. Excluded 
sicker paediatric 

presentations.  

 

Validates the DIVA as a clinical prediction 

tool for paediatric population. Requires 

intervention study to proactively select the 
most appropriate inserter or technologies to 

support first time insertion.   

Reigart et al 

2012 

USA 
 

Paediatric 

592 patients 

Prospective Cohort 

General Paediatric 

unit of two teaching 
Paediatric hospitals. 

To determine variables that contribute 

to paediatric PIVC placement, 

including success rates, time to 
success, and factors associated with 

success.  

Successful completion was defined as 
cannula tolerating an unproblematic 

flush. 

FTIS: 48%.  

Unsuccessful attempts ranged from 1-9 

with one patient requiring 15 attempts. 
Age >2 years (53.5%) versus <2 years 

(38.85%) significantly increased FTIS 

p=0.0004  

Multi-centre study. Dwell 

time not recorded so the 

post-insertion failure rate is 
unknown. Does not define 

difficult stick inclusion 

criteria. A specialist nurse 
inserted only 3.9% of the 

cannulae and a physician 

inserted none. 

>2 years old have a better first insertion 

success rate than <2 years old. Many patients 

have multiple failed attempts.  
 

Riker et al 
2011 

USA 

Paediatric 
366 patients. 

Cross-sectional 
study.  

Paediatric ED. 

    

Aim was to validate a DIVA score. 
Proposed refinement predictor 

variables included history of neonatal 

intensive care unit (NICU) stay, 
operator experience characteristics 

(years since graduation, years of 
paediatric nursing experience, and IVs 

started per month), and skin shade. 

Adjusted multivariate models using 

logistic regression. Receiver operating 

characteristic curves were constructed 

and areas under the curve calculated 
for each model. 

 

FTIS: 68%. Nurses who were somewhat 
or moderately confident to insert PC had 

greater insertion failure 36-39% 

(univariate analysis) than very confident 
nurses (26% failure, p=0.03). 

 Final DIVA score (significant risks):  
<1yrs old= 3 points  

1-2yrs= 1 point 

Vein not palpable= 2 points 

Vein not visible= 2 points  

 

Single center, convenience 
sample. Dwell time of 

device not followed up.  

Authors chose to omit 
statistically significant 

self-report confidence 
variable in the tool due to 

its subjective nature.  

Further simplifies the previous 4 rule DIVA 
tool and refine it to a 3 rule score.  

DIVA 3 needs to be tested so that scores of 4 

or more get an appropriate expert or vessel 
locating technology  

Yen et al 

2008 
USA 

 

Paediatric  

615 patients 

Prospective  

Cohort study. 
Paediatric ED.  

Aim to derive a Difficult Intravenous 

Insertion score (DIVA). Institutional 
review approved study. Inter-observer 

agreement on subjective measurement 

using ĸ Statistic. Data on difficulty 
scores was acquired prior to insertion. 

Primary outcome was FTIS. 

Backward logistic regression to 
identify factors independently 

predictive of success. Receiver 

operating curves used to create a 
model for a DIVA score development.  

 

FTIS: 75%. Nursing staff could predict 

the level of difficulty of insertion p<0.001 
but this was excluded from the final model 

due to inadequate reproducibility. Points 

were awarded for the following;  
Prematurity=3 points 

<1yrs old= 3 points   

1-2yrs= 1 point 
Vein not palpable= 2 points  

Vein not visible= 2 points  

High sensitivity and specificity modeling 
using regression and receiver operating 

curve models with score of 4 or more 

equating 50% chance of failure.  

No prospective validation.  

May be only applicable for 
children under 2 yrs.  

Dwell time of the PIVC 

not measured. 
 

Identifies factors of prematurity, younger age, 

non-palpable and non-visible veins as risk 
factors for insertion failure. DIVA appears 

practical and easy to use. Dependent on 

demographic data (age) and clinical assessment 
skills (visible or palpable). Would require 

external validation to confirm reliability of the 

latter.  

Key: OR odd ratio, PR prevalence Ratio, HR, Hazard Ratio, CI Confidence Interval. USGIV ultrasound guided peripheral intravenous cannulation. FTIS first time insertion success, CP clinician provider, VAD vascular access device, 

IVDU intravenous drug user, and DIVA difficult intravenous access.  *Abstract in English only. 
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The Neonate/Paediatric PIVC 

Eleven prospective studies evaluating clinical outcomes or risk factors associated with 

FTIS are tabulated in Table 2. FTIS success ranged from 45%-98% with highest success 

rate evidenced when a specialist nurse inserter performed PIVC insertions and similar 

higher percentage success is reported in adult IV teams (Carr et al., 2010). However, 

and in the only identified paper specific to neonates, Legemaat and colleagues did not 

find the IV Team nurse was superior to Neonatologists, with 56% of PIVCs failing due 

to a complication (Legemaat et al., 2016). The most common reason for 

failure/complication was infiltration with 67% of the PIVC failing due to this 

complication. Three papers report on developing, refining, and validating a difficult 

intravenous score for FTIS in paediatric population (O’Neill et al., 2012; Riker et al., 

2011; Yen et al., 2008). All papers suggest non-visible and non-palpable veins are 

independently associated with insertion difficulty and this observation is consistent with 

reports from adults studies (Prottengeier et al., 2015; Sabri et al., 2013).    

 

Risk factors specific to ED 

In the ED setting, Witting (2012) reported a first time insertion success of 61%, and 

categorized difficult PIVC insertions as: (i) Not difficult: Successful on first attempt; 

(ii) Mild difficulty: multiple skin puncture by same provider; (iii) Moderate difficulty: 

requiring a second provider; and, (iv) Severe difficulty: requiring a physician. One 

criticism that may be made of this approach is that it does not assist with pre-insertion 

decision-making. No validation techniques were reported and Witting (2012) 

formulated the tool based upon patient responses to a self-report questionnaire on their 

experience of peripheral cannulation (see Table 1).  

 

A recent publication identifying risk factors of ED placed PIVCs identified twelve 

variables that predict insertion failure; these include: age, gender, race, BMI, history of 

chemotherapy, diabetes, dialysis, intravenous drug abuse (IVDA), swelling, sickle cell 

disease and ED visit or recent hospitalization within ninety days (Fields, Piela, Au, & 

Ku, 2014). Fields and colleagues (2014) arrived at these variables from review of 

ultrasound guided difficult access studies (Au, Rotte, Grzybowski, Ku, & Fields, 2012; 

Bauman et al., 2009; Brannam et al., 2004; Chinnock et al., 2007; Costantino, Kirtz, & 

Satz, 2010; Dargin et al., 2010; Elia et al., 2012; Fields et al., 2012; Keyes, Frazee, 

Snoey, Simon, & Christy, 1999; Mills, Liebmann, Stone, & Frazee, 2007; Panebianco et 
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al., 2009; Resnick, Cydulka, Donato, Jones, & Werner, 2008; Schoenfeld, Boniface, & 

Shokoohi, 2011; Stein, George, River, Hebig, & McDermott, 2009) as outlined in Table 

3, and from two studies that prospectively collected factors that predicted insertion 

failure without any ultrasound intervention (Lapostolle et al., 2007; Sebbane et al., 

2013), outlined in Table 1.  

 

There also appeared to be a variety of variables that influenced insertion difficulty and 

contributed to insertion failure rates, suggesting it is often a more complex procedure 

than its perception as a routine procedure (Fields, et al., 2014). The experience of the 

inserting clinician was also reported as a risk factor in three studies (Bensghir et al., 

2012; Carr, Rippey, Budgeon, et al., 2016; Schoenfeld et al., 2011) suggesting greater 

expertise might reduce insertion failure. In addition, Bensghir (2012) found that 

insertion by a resident in training was a significant independent predictor of insertion 

failure OR 2.14, 95% CI 1.29 to 3.58; P = 0.003). ED does harbour a variety of 

clinicians – technical-paramedical, nursing, undergraduate medical students and 

medical doctors – with the majority locally accredited to perform PIVC. This logically 

leads to variability between users with regard to FTIS outcomes.    

Some variables identified by Fields and colleagues (2014) may not be relevant in the 

hospital sites for this PhD study. For example, Field’s et al., (2014) population included 

those with sickle cell disease that is identified with a patient population of West African 

origin, and such a person presenting within the geographical confines of this research 

would be very rare indeed. Furthermore, the mean age of the cohort reported by Field 

was 49, whereas local data from the research sites suggest the mean age is 60. In 

ultrasound-guided peripheral intravenous cannulation (USGPIVC) studies, the mean age 

is poorly reported (see Table 3). Aging is an insertion-related factor that has been 

identified along with the associated problems that include frailty and co-morbidities 

such as arthritis, chronic respiratory ailments, chronic cardiac disease, diabetes, and 

stroke (Dougherty, 2014).  

The ED is a busy environment that caters for patients with acute presentations or acute 

exacerbations of chronic conditions. These require prompt medical and nursing 

interventions, and ED clinicians adapt these on many occasions in response to high-

pressure environment with increased stresses and a variety of clinical presentations. ED- 

inserted PIVCs have been identified as a significant indication for failure (Stuart et al., 

2013), and compromising on asepsis during the procedure has been found to contribute 
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to PIVC-related staphylococcus aureus bacteremia and so contribute to post-insertion 

failure (Trinh et al., 2011). The practice of PIVC insertion by ED clinicians is often 

assumed to be less than ideal due to the fast pace of this clinical environment (Zingg & 

Pittet, 2009). Avoiding infection in ED-inserted PIVCs may be resolved by a focus on 

better insertion practices such as skin decontamination (Rickard, Webster, & Playford, 

2013). The design of this current research addresses many of these factors with the view 

to reducing infection and ultimately failure of a PIVC. 

 

Does ultrasound reduce the risk of insertion failure? 

Ultrasound-guided PIVC insertion is growing in clinical acceptance, as is evidenced 

from Table 3. Moreover, two systematic reviews, one with meta-analysis, are published 

within an adult context (Egan et al., 2013; Liu et al., 2013). Endorsements of 

ultrasound’s clinical applicability based on the literature are contradictory. One 

systematic review with meta-analysis suggested USGPIVC increases the likelihood of 

successful insertion (OR 2.42, CI 1.26-4.48) (Egan et al., 2013), while the other 

concluded that USGPIVC insertion is not strongly supported and that the meta-analysis 

was compromised by heterogeneity and variability amongst the  included studies (Liu et 

al., 2013). Liu et al. did not perform formal grading of the papers using a standardized 

data extraction tool. Egan used the Jadad score to rate the quality of studies in relation 

to randomization, concealment, masking, and missing data. A Jadad score of 1 is 

considered low quality and greater than 2 indicates higher quality and of the seven 

studies included in Egan et al. (2013) only two studies had a score of 3. The remaining 

three studies had a score of 1. A limitation of the Jadad score is that it mostly assesses 

the quality of reporting rather than actual methodological quality (Cochrane handbook 

for systematic reviews of interventions, 2011). Therefore, it appears that the current 

body of evidence has not kept pace with clinical preference for this procedure. 

 

Variability in the studies reported in Table 3 and in both systematic reviews on 

USGPIVC (Egan et al., 2013; Liu et al., 2013) suggest clearer definitions are required 

particularly for the following: the designation of the inserting clinician, level of 

experience, the number of attempts that constitutes a difficult insertion, the risk factors 

that contributed to insertion failure, the location of the targeted vessel, the catheter size 

used and dwell time of the cannula (Au et al., 2012; Bauman et al., 2009; Brannam et 
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al., 2004; Chinnock et al., 2007; Costantino et al., 2005; Fields et al., 2012; Keyes et al., 

1999; Mills et al., 2007; Panebianco et al., 2009; Schoenfeld et al., 2011). 

More recently, Parker and colleagues (2016) performed the most contemporary review 

on interventions to support first-time insertion success in the ED, finding only one 

intervention (two PIVC types) had multiple studies and were suitable for a meta-

analysis which found a relative risk of 0.0 (95% CI, -0.04, 0.04). Their conclusions 

suggest that the quality of evidence to support the use of ultrasound to increase first 

attempt success is lacking due to the paucity of high-quality interventional studies 

(Parker, Benzies, Hayden, & Lang, 2016). Additionally, there was non-reporting of 

power and statistical effect size in many of the USGPIVC studies in Table 3. If 

acceptance of ultrasound grows as the gold standard for difficult intravenous access, 

then appropriate personnel and training is required as FTIS using ultrasound currently 

range from 42%-87% (Brannam et al., 2004; Costantino et al., 2005). Furthermore, 

when PIVC failure occurs, the only default may be another provider to attempt PIVC 

insertion, rather than considering other options such as USGPIVC, or an alternative 

device such as a mid-line or peripherally-inserted central catheter (PICC) inserted by a 

specialist inserter (Moureau et al., 2012).  

 

The highest reported ED FTIS using traditional methods in cohort studies is 86% (Carr 

et al., 2016a), whereas the lowest is reported at 61% (Witting, 2012). In one 

interventional study comparing USGPIVC to traditional methods for difficult access 

patients, the FTIS rate for USGPIVC was 42%, while in the traditional group it was 

24% (Costantino et al., 2005). More recently, Aulagnier and colleagues presented worse 

rates when an interventional study assessed the efficacy of a near infra-red technology 

with 18% and 19% FTIS rates in the interventional and control group respectively 

(Aulagnier et al., 2014). The practice of vascular access is changing with the 

introduction of assistive technologies. If these technologies are being employed with 

conflicting or worse results, one assumes either: the veins are worsening in patients; the 

technology is not effective; or the clinicians who use it lack the advanced skills, 

continuing specialist education. It is therefore important to gather data on the risk 

factors in relation to the level of experience of the clinician, if a vessel-locating device 

was used and the level of procedural competency with it. 
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Table 3 USG PIVC 

Author, Year, 

Country 

Aim & Method Sample Size and  

Power Calculation  

DIVA definition Clinician Provider and VAD 

type 

Variable predicting 

insertion difficulty  

USGPIVC First time insertion 

success, vessel cannulated and 

dwell time 

Au et al , 2012 

USA 

Aim: To reduce the 

number of ED placed 
CVCs.   

Method: Prospective 

Observational. 

Age: not reported 

Sample Size: 119. Power 
Calculation: to reduce CVC 

placement by 60% N= 100 was 

required with 95% CI width of 
0.2. 

2 failed PC attempts or 

inability to visualize or 
palpate vessel.  

 

 

CP: Emergency physician 

VAD: 20g angiocath 48mm 
 

Gender, ethnicity, 

IVDU, HTN diabetes, 
H/O DIVA, obesity and 

chemotherapy.  

FTIS: 69%.  

Vessel: not reported.  
Dwell time: not reported. 

Bahl et al 

2016, 

USA 

To compare ED RN’s 

placing USG PIVC 

versus traditional PIVC 
in a difficult access 

population. An RCT. 

Age: 61 

Sample Size: 124 

Power calculation: not reported  
 

Patient self-report as DIVA; 

2 or more failed attempts.  

ED RNs: two groups: 

intervention group with 

ultrasound; and the standard 
care group using traditional 

attempts.  

Inclusion criteria 

identified IVDU; SCD; 

end stage renal failure;  

FTIS: 76% in USG group and 

56% in traditional attempt 

group.   
Vessel: not reported.  

Dwell time: not reported. 

Bauman et al, 

2009, 

USA 

Aim: To test efficacy of 

ED technicians inserting 

USGPIVC.  
Method: Two-phase 

study: Phase I= 

landmark method; Phase 
II USGPIVC.  

Age: **Trad 45.9, USG 48.2 

Sample Size: 75 

Power Calculation: 15 per arm 
80% power CI 95%.  

2 failed PC attempts or 

inability to visualize or 

palpate vessel.  
 

CP: ED technicians (with 

nurse or medical physician 

rescue) 
VAD: Angiocath 63.5mm 

specified for Basilic and 

brachial vessels. 

Obesity, IVDU, chronic 

disease, unspecified 

illness.  

FTIS: 70.6% in Traditional 

group & 80.5% in the 

USGPIVC group 
Vessel: Basilic and brachial 

vessels for longer catheter but 

otherwise not reported.  
Dwell time: not reported. 

Brannam et al,  

2004, 

USA. 

Aim: Efficacy of ED 

nurses placing 

USGPIVC 
Method: Prospective 

Observational survey 

Age: not revealed 

Sample Size: 321  

Power Calculation:  
not reported 

Not defined but the median 

number of traditional 

attempts were 2.2 prior to 
USGPIVC.  

CP: ED nurses 

VAD: not reported 

Obesity, sickle cell 

anemia, renal dialysis, 

IVDU, chronic disease, 
unspecified reason.  

FTIS: 87% 

Vessel: not reported. 

Dwell time: not reported. 

Chinock et al,  
2006, 

USA. 

Aim: Characterize 
factors of ED nurse 

USGPIVC insertions. 

Method: Prospective 
Observational survey 

Age: 48 
Sample Size: 100 

Power Calculation:  

not reported. 

2 previous failed PC attempts 
or inability to visualize or 

palpate vessel.  

 

CP: ED Nurse 
VAD: not recorded by gauge 

but two lengths included 

31.75mm and a 45.7mm 
Angiocath.   

 

Obesity, IVDU, medical 
problem requiring 

previous IV devices.  

FTIS: 63% 
Vessel: Basilic and Brachial 

Dwell time: not 

reported. 

Costantino et 

al, 2005, 
USA. 

Aim: Comparison 

USGPIVC v Traditional  
Method: Prospective 

non-blinded 

systematically allocated 
study.   

Age: not revealed 

Sample Size: 60 
Power Calculation:  

not reported. 

3 previous failed PC 

attempts.  
 

CP: Emergency physician 

with two persons in the 
USGPIVC group. 

VAD: 18g 31.5mm 

Obesity, IVDU, chronic 

medical condition.  

FTIS: 42% USGPIVC group 

24% Traditional group. 
Vessel: Brachial but otherwise 

not reported 

Dwell time: not reported. 

Dargin et al, 

2010, 
USA 

Aim: Identify the 

survival rate of 
USGPIVC 

Method: Prospective 

Observational study. 

Age: 52 

Sample Size: 75 
Power Calculation: Yes  

 

Multiple blind attempts prior 

to ED physician rescue. 
Based on this USPIVC 

insertion.  

CP: Emergency physician 

VAD: 18g Angiocath 
63.5mm. 

Body Mass (BMI),   

IVDU and recent ED or 
hospitalization.  

FTIS: not reported, but report 

88% success after 1 or 2 
attempts  

Vessel: Basilic and brachial 

vessels.  
Dwell time: 47% of USGPIVC 

failed within 24 hours.  
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Author, Year, 

Country 

Aim & Method Sample Size and  

Power Calculation performed 

DIVA definition Clinician Provider and VAD 

type 

Variable predicting 

insertion difficulty  

USGPIVC First time insertion 

success, vessel cannulated and 

dwell time 

Fields et al, 
2011, 

USA. 

Aim: Is USGPIVC dwell 
time influenced by 

vessel depth and 

diameter. 
Method: 

Retrospective Cohort 

study.  

Age: 53 
Sample Size: 183 

Power Calculation:  

Yes. 

Not reported  CP: Emergency physician 
VAD: 20g Angiocath 48mm. 

BMI, IVDU, DIVA 
(patient report). 

FTIS: not reported 
Vessel: Brachial “Region”, 

Forearm and Antecubital.  

Dwell time: shallow placed 
devices last longer than 

USGPIVC placed in deeper 

located vessels. 

Keyes et al, 

1999, 

USA. 

Aim: USGPIVC success 

by vessel type. 

Method: Prospective 

Observational study. 

Age: not revealed 

Sample Size: 101 

Power Calculation: 

Not reported. 

Underwent 2 failed PC 

attempts prior to inclusion. 

CP: Emergency physician 

VAD: 18-20g Angiocath 

48mm-50mm.  

Obesity and IVDU. FTIS: 73% 

Vessel: Basilic and Brachial 

veins. 

Dwell time: reported one 

failure in 8hrs but further 

survival times not reported. 

Mills et al, 
2007, 

USA. 

Aim: Assess the dwell 
time of a 15cm VAD 

placed in deep brachial 

or basilic vessels after 
initial insertion with 

USGPIVC.   

Method: Prospective 
Cohort study. 

Age: not revealed 
Sample Size: 25 

Power Calculation: 

not reported. 

2 PC insertion failures.   CP: Emergency physician 
with 50 USGPIVC 

insertions. 

VAD: 18g 32mm standard 
PC then after wiring a 16g 

15cm catheter was 

introduced.  

Not reported apart from 
2 failed traditional PC 

attempts.  

FTIS: 61% 
Vessel: deep brachial or basilic 

vessels. 

Dwell time: survival time 
poorly described.  

Panebianco et 

al, 
2009, 

USA 

Aim: Define the patient 

and vein characteristics 
affecting USGPIVC. 

Method: Prospective 

Observational study. 

Age: 52 

Sample Size: 169 
Power Calculation: not 

reported. 

2 PC insertion failures, history 

of DIVA with an inability to 
visualize or palpate any vessel.  

CP: Sonographer with 10 

USGPIVC procedures.  
VAD: 20g Angiocath 48mm- 

BMI, IVDU, H/O DIVA, 

chemotherapy, dialysis, 
diabetes.  

FTIS:  69% 

Vessel: not reported, but 
suggest the largest diameter 

yields the best result.  

Dwell time: not reported. 

Schoenfeld et 

al, 

2009, 
USA. 

Aim: To assess the 

success rate of ED 

clinicians placing 
USGPIVC.  

Method: Prospective 

Observational study. 

Age: not revealed 

Sample Size: 219 

Power Calculation:  
not reported. 

2 PC insertion failures, history 

of DIVA from previous visit.  

CP: Emergency Department 

Physicians.  

VAD: 20g Angiocath 
31.5mm 

Previous vein scarring, 

chronic illness with 

repeated blood draws 
dehydration, obesity, 

renal failure, sickle cell, 

and odema. 
  

FTIS: not reported, overall 

success is 78.5%.  

Vessel: not reported. 
Dwell time: not reported. 

Key: OR odds ratio, PR prevalence ratio, HR, hazard ratio, CI confidence interval, USGIV ultrasound guided peripheral intravenous cannulation, FTIS first time insertion success, CP clinician provider, RCT 

Randomised Controlled Trial,  VAD vascular access device, IVDU intravenous drug user, DIVA difficult intravenous access.**Two means are reported one for each group. 
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Strategies to promote successful PIVC insertion and avoid PIF.  

Why the PIVC fails 

One major issue with ED-inserted PIVCs is the reason for removal is not accurately 

reported in the medical record; therefore, accurate incidence of PIF is elusive (Carr, 

Rippey, Moore, et al., 2016). Indeed, prospective studies about PIVC insertion rarely 

consider or publish this important follow up point as a clinical outcome. Despite 

identifying important insertion factors for insertion failure, whether these also lead to 

post-insertion failure, thus repeated insertions, is often not known or not reported. For 

example, in Fields et al.,’s study, post-insertion failure and the dwell time of PIVCs was 

not reported (Fields, et al., 2014a). Multivariate data from a large multicenter trial 

comparing PIVC replacement by time-based versus clinical indication analysed risk 

factors for three catheter failure outcomes (i) phlebitis, (ii) occlusion (included 

infiltration and obstruction of flow), and (iii) accidental removal although it only 

included limited insertion-related variables (Wallis et al., 2014). The study included 

ward as well as ED-initiated PIVCs. Significant predictors for phlebitis were: being 

female (Hazard Ratio [HR] 1.6); larger than 20g/30mm diameter/length (HR 1.48); any 

baseline infection (HR 1.41); and younger age (HR 0.99; every increase of 1 year in age 

decreased the HR by 1.1%). Significant risk factors for occlusion were: placement in the 

hand (HR 1.47); antecubital fossa (HR 1.27) or upper arm (HR 1.25) compared to the 

forearm; being female (HR 1.44); IV antibiotics (HR 1.41) or hydrocortisone (HR 1.36), 

although IV paracetamol reduced risk (HR 0.77). Being the second or subsequent PIVC 

(HR1.17), and expert insertion in the operating theatre or radiology suite (HR 0.80) 

reduced risk. Significant accidental removal independent risk factors were: insertion 

into hand (HR 2.45) or antecubital fossa (HR 1.65) compared with the forearm; 

insertion by a non-specialist (HR 1.69); use of shorter 25mm cannula (HR 1.29).  

  

Evidence from an Italian prospective study of PIVCs (n=427) found a higher risk of 

phlebitis in PIVCs placed in the hand (Cicolini, Bonghi, Di Labio, & Di Mascio, 2009). 

Using the hand as a reference OR 1, they reported an OR 0.66 95% confidence intervals 

(CI) (0.46-0.95) with ACF and an OR 0.52 CI 95% (0.32-0.84) at forearm sites. 

However, the majority of cannulae used by Cicolini were 18g (40.5%) or 20g (45.6%) 

which is not the predominant size used internationally (Carr et al., 2010). A multivariate 

model demonstrated independent predictors of thrombophlebitis were: being female OR 

1.91, (95% CI 1.20-3.03, p=0.006); 16-18g PIVC OR 5.38 (95% CI 2.70-10.72, 

p<0.001); and placement in the back of the hand OR 3.33 CI (1.37-8.07) p <0.001. The 
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veins in the back of the hand have a smaller vessel diameter (de la Torre-Montero et al., 

2013) suggesting that smaller-sized catheter such as 22g or 24g should be used. This 

could augment the clinical relationship of vessel diameter and flow which can cause 

stasis (a predictor of thrombosis) in peripherally-inserted central venous catheters 

(Nifong & McDevitt, 2011). However, little published evidence relating to these issues 

for PIVC is available. Recently, the origins of mechanistic failure due to either physical 

damage or blood stasis, both of which are related to fluid mechanics and flow rates in 

the vein, suggest small gauge for slow infusions and large for fast infusions  (Piper, et al 

2017).  

 

Another descriptive study analysed n=355 patients and 568 PIVCs and found 

predisposing factors for phlebitis included location of the PIVC at the ante-cubital fossa 

region (63.2%) (Uslusoy & Mete, 2008). Uslusoy & Mete (2008), found a significant 

difference of phlebitis reporting between ED and operating department-placed PIVCs, 

with ED-placed PIVCs having more phlebitis (71%) compared to the operating theater 

(44%) (p=0.001). Repeated PIVC insertions on the same arm in comparison to first-time 

insertion was significantly associated with the development of phlebitis (p=0.001) at 

61.7%  (Uslusoy & Mete, 2008). These results suggest limiting the number of insertion 

attempts may prevent future PIVC failure.  

 

The Catheval project is a recent study  identifying PIVC failure rates in a French multi 

centre study (Miliani et al., 2017). Interestingly, they reported phlebitis as the most 

common reason for failure of 20.1 per 100 PIVCs 95% CI (17.4-23.0). The absence of 

any clear definition of infiltration as an outcome measurement in this study is perhaps 

evidence that a standardized contemporary assessment tool is wanting for PIVC studies. 

Despite the authors’ observations, it is worth noting their definitions and results such as: 

infiltration is best represented by oedema, defined as “swelling of the tissue around the 

PIVC insertion site usually as a result of intravenous fluids leaking into the tissues” 

reported to be 3.8 per 100 PIVCs 95% CI (2.6-5.4); and or fluid/blood leaking defined 

as inadvertent leakage from the insertion site of intravenous fluids or blood visible 

through the dressing 13.1 per 100 PIVCs 95% CI (10.9-15.6); additionally, a rate of 

obstruction/occlusion of 12.4 per 100 PIVCs 95% CI (10.2-14.9) was reported (Miliani 

et al., 2017). Given that occlusion and infiltration are suggested to be not mutually 

exclusive, this suggests that when obstruction/occlusion combined with fluid/blood 

leaking failures and oedema, they are more prevalent than phlebitis. Other reasons for 

device failure included patient characteristics and social habits such as smoking. A 
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prospective study amongst a surgical cohort in the UK identified smoking and diabetes 

as relevant to phlebitis development in a sample of 171 people with 286 PIVCs. The 

overall phlebitis rate was 62% (Do Rego Furtado., 2011). 

  

Finally, previous studies used a range of different phlebitis scales and definitions; as 

such, this disparity compromises drawing any meaningful comparison if a systematic 

review of phlebitis scales is be acknowledged (Ray-Barruel, Polit, Murfield, & Rickard, 

2014).  

  

PIVC: The inserter’s influence 

Several studies have reported that individual specialist inserters or IV teams have the 

greatest rate of first time PIVC insertion success and outcomes (Carr et al., 2010; Da 

Silva, Priebe, & Dias, 2010; Soifer, Borzak, Edlin, & Weinstein, 1998; Tomford, 

Hershey, McLaren, Porter, & Cohen, 1984; Tomford & Hershey, 1985; Wallis et al., 

2014; Zingg & Pittet, 2009). However, these are not available in all institutions, or at all 

times to all patients. PIVC insertion is a clinical procedure that is difficult to master, and 

specialists such as anesthetic nurses and IV teams or vascular access teams offer a 

consistent level of procedural competency, matched with superior first-time insertion 

success (Carr et al., 2010; Cuper, Verdaasdonk, De Roode, & Septer, 2008). In one 

study, a 98% first-time PIVC insertion success rate was maintained six months after the 

commencement of an IV team (Carr et al., 2010). One study, in Table 2, identified an 

economic impact of over $250,000 US dollars of estimated savings could be made by 

use of an IV team, which could be invested into the four specialist nurses to maintain 

insertion success (Frey, 1998). A Taiwanese study, including 3165 patients and 6538 

PIVCs, performed a multivariate regression analysis and found PIVCs inserted by IV 

therapists in comparison to PIVCs inserted by ED staff or ward nurses (p=0.048), along 

with continuous infusion (p=0.021), were independent risk factors for infection of the 

first PIVC inserted (Lee et al., 2009). Although IV teams/advanced inserters have not 

been tested under randomised controlled trial conditions, the body of literature does 

point to greater procedural ability, experience, and role designation to be associated 

with better FTIS and less complications (Carr, Higgins, Cooke, Mihala, Rickard., 2014)  

 

The size of the PIVC  

The Infusion Nurses Society recommend the smallest size catheter for the largest size 

vessel and so matching the size of the cannula to the diameter of the vessel can support 
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effective blood-flow and prevent stasis that contributes to thrombosis (Gorski et al., 

2016; Nifong & McDevitt, 2011). As noted above, Wallis et al. reported that larger 

gauge sizes and shorter length catheters were significantly associated with PIVC post-

insertion failure (Wallis et al., 2014). It is evident that this issue is complicated further 

by flushing regimes and PIVC tip positioning and currently is an unresolved issue until 

site, size of the lumen, and size of the cannula and flushing technique is tested further 

(Keogh et al., 2016; Murayama et al., 2015; Piper et al., 2017).  

 

Additional technologies to support PIVC outcomes 

In a comprehensive literature review of 128 studies, Sabri et al. (2013) identified 

various strategies (including the IV team approach), techniques and applications that 

promoted insertion success through the identification of visible and/or palpable veins. 

Dilation of the vein is necessary for PIVC insertion and this can be achieved through a 

number of strategies such as: optimum position of the limb; tourniquet use; fist 

clenching (patient dependent); skin slapping (culturally sensitive); “milking” the vein; 

heat application; special bandage applications using heat; use of a negative pressure 

device; and, topical application of nitrates (Sabri et al., 2013). 

There are mechanical interventions that may reduce PIVC failure. Add on devices such 

as J-loop or t-extension sets are intended to minimise cannula manipulation. Very few 

English language studies identify robust clinical evidence for the clinical utility of these 

devices. One paper addressed a closed system (J-loop attached and flatter profile PIVC 

base) versus modified system (J-loop needs to be attached with traditional rounded base 

PIVC) to reduce phlebitis (Lopez et al., 2009) but there are no papers reporting a 

comparison of a closed or modified closed system to a PIVC with a needle-free 

connector. Based on the study by Lopez et al., (2009), a closed system appears to offer 

two more days survival of the PIVC. One clinical audit reports the effectiveness of 

closed-system cannulae that replaced ported cannulae, finding a reduction of 

staphylococcus aureus bacteremia by 53% (Easterlow, Hoddinott, & Harrison, 2010). 

Additional practice management changes are reported in this audit that could have 

contributed to this reported reduction. Such changes included the implementation of 

documentation practice, including a visual infusion phlebitis score (Easterlow et al., 

2010). The only other substantive account is the patent information for J-loop which 

suggests it provides: (i) an improved bacteriologically clean cannula;  (ii) a smooth 

transition from the cannula to the interior of the extension assembly so that clotting of 

the blood is avoided;  (iii) components which are easily sterilized and easily connected 
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and disconnected; and, (iv) smooth end-to-end joint between connections (Quinton, 

1969). It is reasonable to assume that less movement of the cannula during use reduces 

the need for manipulation and thus reduces the risk of dislodgement, mechanical 

phlebitis, and protects clinicians from exposure to blood or infusates and avoids the use 

of three-way stopcocks. Stopcocks have been found to be a significant carrier of 

pathogens and thus contribute to device failure (Mermel, Bert, Chapin, & Leblanc, 

2014).   

Conclusion 

Chapter Two has comprehensively reviewed factors associated with insertion success, 

namely: patient; clinician; product; and technologies. It is apparent from the literature 

detailed in Tables 1, 2 and 3 that FTIS is a clinical need not yet consistently achieved 

with current clinical practices. Regardless of the numerous standards and guidelines 

supporting appropriate PIVC insertion, this review has identified a knowledge-practice 

gap in relation to risk factors for failed FTIS. Additionally, there is a lack of knowledge 

about insertion-related risk factors to avoid the currently unacceptable levels of post-

insertion PIVC failure. The absence of combined patient, clinician, product, and 

technological aspects into one CDR identifies a significant gap that requires an 

additional critique. This review has led to undertaking a specific systematic scoping 

review of tool rules and algorithms available to guide practice, which follows in 

Chapter 3.  
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Introduction 

This second literature review chapter integrates a systematic scoping review of tools, 

clinical prediction rules, and algorithms (TRA), currently available to facilitate best 

PIVC outcomes. A deliberate search strategy was employed to identify specific studies 

relevant to PIVC TRAs in adult populations. The purpose was to evaluate the variables 

that contribute to decision-making algorithms (e.g. tools, rules, processes, assessment 

scores) for PIVC insertion, and also to identify whether these have superior associated 

first-time insertion success (FTIS) rates. This chapter comprises an accepted manuscript 

in the Journal of Hospital Medicine:   

 Carr, P.J., Higgins, N.S., Cooke M.L., Rippey, J.CR., Rickard C.M. (2017). 

Tools, clinical prediction rules, and algorithms for the insertion of peripheral 

intravenous catheters in adult hospitalized patients: A systematic scoping review 

of the literature. Journal of Hospital Medicine, in press.  

Journal of Hospital Medicine has a 2016 impact factor of 2.327, and is ranked in the top 

50%, 41 out of the 154 journals in the subject category of “Medicine, General and Internal”
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Tools, clinical prediction rules, and algorithms for the insertion of peripheral 

intravenous catheters in adult hospitalized patients: A systematic scoping review of 

the literature.  

 

Carr, P.J., Higgins, N.S., Cooke M.L., Rippey, J.CR., Rickard C.M. (2017).  Journal of 

Hospital Medicine, accepted April 2017. 

Abstract 

Background: First time peripheral intravenous catheter (PIVC) insertion success is 

dependent on patient, clinician, and product factors. Failed PIVC insertion are an under-

recognised clinical phenomenon.  

Objective: To provide a scoping review of decision aids for PIVC insertion including 

tools, clinical prediction rules, and algorithms (TRA) and their findings on factors 

associated with insertion success.  

Methods: In June 2016, a systematic literature search was performed using the medical 

subject heading of peripheral catheterization and tool* or rule* or algorithm*. Data 

extraction included clinician, patient and/or product variables associated with PIVC 

insertion success. Information about TRA reliability, validity, responsiveness and utility 

was also extracted. 

Results: We screened 36 studies, and included 13 for review. Seven papers reported 

insertion success ranging from 61%-90% (4030 insertion attempts), 6 on validity and 5 

on reliability, none on responsiveness and utility. Failed insertions were associated with 

obesity (OR 0.71-1.7, 2 studies) and smaller gauge PIVCs (OR 6.4, 95% CI 3.4-11.9, 1 

study). Successful insertions were associated with visible veins (OR 0.87-3.63, 3 

studies), or palpable veins (OR 0.79-5.05, 3 studies) inserters with greater procedural 

volume (OR 4.4, 95% CI 1.6-12.1), or who predicted that insertion would be successful 

(OR 1.06, 95%CI 1.04-1.07). Definitions of insertion difficulty are heterogeneous, such 

as time to insert to number of failed attempts.   

Conclusion: Few well-validated reliable TRAs exist for PIVC insertion. Patients would 

benefit from a validated, clinically pragmatic TRA that matches insertion difficulty with 

clinician competency.  
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Introduction 

Up to a billion peripheral intravenous catheters (PIVCs) are inserted annually; therefore, 

the importance of this invasive device in modern medicine cannot be argued 

(Alexandrou et al., 2015). The insertion of a PIVC is a clinical procedure undertaken by 

a range of clinical staff and in a variety of patient populations and settings. In many 

clinical environments, for example, the Emergency Department (ED), PIVCs are the 

predominant first choice vascular access device (VAD) (Sebbane et al., 2013; Tiwari et 

al., 2011). Researchers in one study estimated over 25 million PIVCs are used in French 

EDs each year (Sebbane et al., 2013), and intravenous therapy is the leading ED 

treatment in the United States (Niska et al., 2010).  

 

First-time insertion success (FTIS) for PIVCs has been reported at 18-98% in adult 

populations (Aulagnier et al., 2014; Carr et al., 2010). The variability of FTIS likely 

reflects not just a variety of clinician groups and patient populations but also the 

absence of uniform approaches to PIVC insertion. Terms frequently used to describe 

and/or formalize a pattern of care or a clinical procedure include: diagnostic and 

prognostic tools/plans, frameworks, predictive assessment tools, prediction models, 

rules, decision making rules, scores, scales, risk factors, risk algorithms, and algorithms 

(Conaghan, 2011; Hendriksen et al., 2013; Hodgson et al., 2014; Manuel et al., 2012; 

Pace et al., 2012; Yen et al., 2008). In this paper, we use the terms tools, clinical 

prediction rules, and algorithms (TRA) to review such frameworks that have been 

reported in the context of promoting FTIS for PIVCs. 

 

The purpose of this systematic scoping review was to investigate what PIVC decision-

making approaches exist to facilitate FTIS of PIVCs in adult hospitalized patients. Our 

intention was to systematically synthesize the research on TRAs, to review significant 

associations identified with these TRAs, and to critique TRA validity and reliability.   

 

Methods 

Scoping review  

We selected a scoping review method which, by definition, maps the evidence to 

identify gaps (Pham et al., 2014; Tricco et al., 2016), set research agendas, and identify 
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implications for decision-making. This allowed a targeted approach to answering our 

three research questions:  

1. What published clinical TRAs exist to facilitate PIVC insertion in adults? 

2. What clinical, patient, and/or product variables have been identified using TRAs 

as having significant associations with FTIS for PIVCs in adult patients? 

3. What is the reported reliability, validity, responsiveness, clinical feasibility, and 

utility of existing TRAs for PIVC insertion in adults? 

 

Our aim was to identify the amount, variety, and essential qualities of TRA literature 

rather than to critically appraise and evaluate the effectiveness of TRAs – a process 

reserved for systematic review and meta-analysis of interventional studies (Pham et al., 

2014; Tricco et al., 2016). We followed scoping review guidelines published by 

members and collaborators of the Joanna Briggs Institute – an internationally 

recognised leader in research synthesis, evidence use, and implementation. The 

guidance is based on five steps: (i) scoping review objective and question; (ii)  

background of the topic to support scoping review; (iii) study selection; (iv) charting the 

results; and, (v) collating and summarizing results (Peters et al., 2015). Clinicometric 

assessment of a TRA or any clinical prediction rule requires four specific phases: (i) 

development – identification of predictors from data; (ii) validation – testing the rule in 

a separate population for reliability; (iii) impact analysis or responsiveness –(How 

clinically useful is the rule in the clinical setting?: Is it resource heavy or light?, Is it 

cost effective?; and, (iv) implementation and adoption – (uptake into clinical practice) 

(Adams & Leveson, 2012).  

 

Search strategy  

We included studies that described the use or development of any TRA regarding PIVC 

insertion in the adult hospitalized population.  

 

Inclusion criteria 

Studies were included if they were: published in the English language; included TRAs 

for PIVC insertion in adult hospital patients and, prospectively assessed a clinical 

category of patient for PIVC insertion using a traditional approach. We defined a 

traditional PIVC insertion approach as an assessment and/or insertion with touch and 
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feel, therefore, without vessel-locating technology such as ultrasound and/or near 

infrared technology. 

 

Exclusion criteria 

Pediatric studies; authors’ personal (nonresearch) experience of tools, TRAs focused on 

postinsertion assessment of the cannula (such as phlebitis, infiltration, and/or dressing 

failure); papers with a focus on VADs other than PIVCs. We excluded studies using 

PIVC ultrasound and/or near infra-red technology because these are not standard in all 

insertions and greatly change the information available for pre-insertion assessment as 

well as the likelihood of insertion success. 

 

In June 2016, a systematic search of the Cochrane library, Ovid Medline® In-process & 

Other Non-Indexed Citations and Ovid MEDLINE(R) <1946 to Present>, EBSCO 

CINAHL databases and Google Scholar with specific keywords to identify publications 

that identified or defined TRAs was undertaken. Medical Subject Headings (MeSH) 

were created with assistance from a research librarian using tailored functions within 

individual databases. With key search terms we limited studies to those related to our 

inclusion criteria. See Appendix A for our search strategy for Medline and CINAHL.   

 

We used Covidence – a web-based application specifically designed for systematic 

reviews – to screen and evaluate eligible publications (Babineau, 2014). Two authors 

(PJC and NSH) screened the initial retrieved searches based upon the predetermined 

inclusion and exclusion criteria. 

 

Data Extraction   

A paper template was developed and used by two reviewers (PC and NH). Data 

included: study sample, aim/s, design, setting and country in which the study took 

place, clinical and patient variables, and how the TRAs were developed and tested. 

Studies were categorized by TRA type. We also sought to identify if clinical trial 

registration (where appropriate) was evidenced, in addition to evidence of protocol 

publication, and what standardized reporting guidelines were used such as those 

outlined by the Equator Network (Morris, 2008).  
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Data Synthesis 

Formal meta-analysis was beyond the scope and intention of this review. However, we 

provide the FTIS rate and the range of odds ratios (OR) with 95% CIs for certain 

independent predictors.  

 

Results 

Thirty-six references were imported for screening against title and abstract content, with 

11 studies excluded and 25 studies assessed for full-text eligibility (see Figure 3.1 

PRISMA Flowchart). We then excluded a further twelve studies, (six did not meet 

inclusion criteria, two were focused on the pre-hospital setting, two were personal 

correspondence and focused on another type of VAD, one was a protocol to establish a 

TRA, and one a framework for all device types) leaving thirteen studies included in the 

final review (see Figure 3.1). These studies presented data on: 4 tools (Pagnutti et al., 

2016; Ung et al., 2002; Webster, Morris, Robinson, & Sanderson, 2007; Wells, 2008); 4 

predictive models (Carr, et al., 2016a; Jacobson & Winslow, 2005; van Loon et al., 

2016; Sebbane et al., 2013) of which 3 display receiver operating characteristic/ area 

under the curve scores (Carr, et al., 2016a; van Loon et al., 2016; Sebbane et al., 2013); 

2 framed as risk factor studies (Fields, Piela, Au, et al., 2014; Piredda et al., 2016); and, 

one each of the following: a scale (de la Torre-Montero et al., 2013); a score (Kelly & 

Egerton-Warburton, 2014); and an estimation of incidence report rate (Witting, 2012) 

(Table 3.1). Seven studies had  “difficult” or “difficulty” in their title as a term to use to 

describe insertion failure (Fields, et al., 2014a; Jacobson & Winslow, 2005; van Loon et 

al., 2016; Pagnutti et al., 2016; Piredda et al., 2016; Sebbane et al., 2013; Witting, 

2012). One study was titled exclusively for the nursing profession (Ung et al., 2002), 5 

studies were reported in medical journals (Fields, Piela, Au, et al., 2014; Kelly & 

Egerton-Warburton, 2014; van Loon et al., 2016; Sebbane et al., 2013; Witting, 2012), 6 

in nursing journals (Jacobson & Winslow, 2005; Pagnutti et al., 2016; Piredda et al., 

2016; Ung et al., 2002; Webster et al., 2007; Wells, 2008) with the remainder published 

in a vascular access journal (Carr, et al., 2016a; de la Torre-Montero et al., 2013).  

  

General Characteristics of Included Studies  

One TRA was registered as a clinical trial (van Loon et al., 2016). It involved a 

standardized reporting tool as is recommended by the Equator network (Morris, 2008). 

Nine of the 13 papers reported that TRA components were chosen based on identified 
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predictors of successful insertion from observational data (Carr, et al., 2016a; de la 

Torre-Montero et al., 2013; Fields,et al., 2014a; Jacobson & Winslow, 2005; van Loon 

et al., 2016; Pagnutti et al., 2016; Piredda et al., 2016; Sebbane et al., 2013; Witting, 

2012), with 5 papers using multivariate logistic regression to 

 

 
Figure 3.1 Prisma Flowchart 

 

identify independent predictors (Carr, et al., 2016a; Fields, et al., 2014a; van Loon et al., 

2016; Piredda et al., 2016; Sebbane et al., 2013). At least 4,330 insertion attempts on 

patients were reported. Seven papers reported FTIS, which ranged from 61%-90% 

(Carr, et al., 2016a; Fields, et al., 2014a; Jacobson & Winslow, 2005; van Loon et al., 

2016; Piredda et al., 2016; Sebbane et al., 2013; Witting, 2012).   

 

Two clinical settings accounted for 10 of the 13 included studies. We identified 5 papers 

from the ED setting (Carr, et al., 2016a; Fields, et al., 2014a; Kelly & Egerton-
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Warburton, 2014; Sebbane et al., 2013; Witting, 2012), and 5 studies specific to cancer 

settings (de la Torre-Montero et al., 2013; Pagnutti et al., 2016; Ung et al., 2002; 

Webster et al., 2007; Wells, 2008).Two ED papers identified clinical predictors of 

insertion difficulty with one identifying an existing medical diagnosis (such as sickle 

cell disease, diabetes, and intravenous drug abuse), the other reporting a pragmatic 

patient self-report of difficulty (Fields, et al., 2014a; Witting, 2012). Three studies 

focused on patient exclusive variables such as vein characteristics (de la Torre-Montero 

et al., 2013; Pagnutti et al., 2016; Webster et al., 2007), and some with a combined 

clinician and patient focus (Carr, et al., 2016a; Jacobson & Winslow, 2005; van Loon et 

al., 2016; Piredda et al., 2016; Sebbane et al., 2013; Witting, 2012).  

 

Relatively few studies reported inter-observer measurements to describe the reliability 

of clinical assessments made (de la Torre-Montero et al., 2013; Pagnutti et al., 2016; 

Sebbane et al., 2013; Webster et al., 2007). Webster et al. in Australia assessed inter-

rater reliability of a Vein Assessment Tool (VAT) and found high agreement (kappa 

0.83 between medical imaging nurses and 0.93 for oncology nurses) (Webster et al., 

2007). Wells compared reliability with Altman’s K scores obtained from a different 

VAT when compared with the Deciding on Intravenous Access tool and found good 

agreement (Wells, 2008). Vein deterioration was proposed as a variable for inclusion 

when developing an assessment tool within an oncological context (McGowan & 

Wood, 2008). In Spain, de la Toree and colleagues demonstrated good inter-rater 

agreement with kappa 0.77 for the Venous International Assessment (VIA) tool (de la 

Torre-Montero et al., 2013). The VIA offers a grading system scale to predict the 

patient’s declining vessel size undergoing chemotherapy via peripheral veins with 

PIVCs. Grade I suggests little or no insertion failure whereas a Grade V should predict 

insertion failure.  

  

We could not find any reported evidence that the included studies we reviewed were 

clinically adopted and with what degree of success and impact. Therefore, it is unknown 

how clinically responsive, or indeed what the clinical utility of these TRAs is. From the 

retrieved papers, a triad of variables influence PIVC insertion success and include 

patient characteristics, clinician characteristics and product characteristics.   

 

Patient Variables 
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Vein characteristics were significant independent factors associated with insertion 

success in a number of studies (Carr, et al., 2016a; de la Torre-Montero et al., 2013; van 

Loon et al., 2016; Pagnutti et al., 2016; Piredda et al., 2016; Sebbane et al., 2013). 

These included: the number of veins; descriptive quality (e.g. small, medium, large); 

size; location; visibility, including visible veins, and palpable veins. Other factors 

appear to be patient-specific (such as chronic conditions), including diabetes (OR 2.1 

(adjusted to identify demographic risk factors), 95% CI 1.3-3.4), sickle cell disease (OR 

3.5, 95% CI 1.4-4.8), and intravenous drug abuse (OR 2.4 95% CI 1.1-5.3) (Fields, 

Piela, Au, et al., 2014). It is unclear if there is a consistent relationship between weight 

classification and insertion outcomes exists. Despite a finding that BMI was not 

independently associated with insertion difficulty, (Fields, Piela, Au, et al., 2014), one 

study reports that BMI was independently associated with insertion failure BMI <18.5 

(OR 2.24, 95% CI 1.07-4.67) and BMI >30 (OR 1.98, 95% CI 1.9-3.60) (Sebbane et al., 

2013), and another reports emaciated patients were associated with greater failure when 

compared to normal weight patients (OR 0.07, 95% CI 0.02-0.34) (Carr, Rippey, 

Budgeon, et al., 2016). Consequently, extremes of BMI appear to be associated with 

insertion outcomes despite 1 study reporting no significant association with BMI as an 

independent factor of insertion failure (Fields, Piela, Au, et al., 2014). A history of 

difficult intravenous access (DIVA) was reported in 1 study and independently 

associated with insertion failure (OR 3.86, 95% CI 2.39-6.25) (see Table 3.2). DIVA 

appears to be the motivating factor in the title of seven studies. When defined, the 

definitions of DIVA are heterogeneous and varied and include the following: greater 

than 1 min to insert a PIVC and requiring > 1 attempt (Piredda et al., 2016); 2 failed 

attempts (Witting, 2012); 3 or more PIVC attempts (Fields, et al., 2014a).  In the 

remaining 4studies, variables associated with difficulty are identified and therefore a 

TRA to target those in future with predicted difficulty prior to any attempts are 

proposed (Jacobson & Winslow, 2005; van Loon et al., 2016; Pagnutti et al., 2016; 

Sebbane et al., 2013).  

 

Clinician variables 

Specialist nurse certification, years of experience, and self-report skill level (p<0.001) 

appear to be significantly associated with successful insertions (Jacobson & Winslow, 

2005). This is in part validated in another study reporting greater procedural experience 

inserting PIVCs as an independent predictor of success (OR 4.404, CI 1.61-12-06) 

(Carr, et al., 2016a) (see Table 3.2). Two studies involved simple pragmatic percentage 
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cut offs for PIVCs: likelihood of use (Kelly & Egerton-Warburton, 2014); and, 

likelihood of insertion success (Carr, et al., 2016a). One paper, using a cross-sectional 

design which surveyed ED clinicians, suggested if the clinician’s predicted likelihood of 

the patient needing a PIVC was > 80%, this was a reasonable trigger for PIVC insertion 

(Kelly & Egerton-Warburton, 2014). The other, in a self-report cohort study reported 

that a clinician’s likelihood estimation of PIVC FTIS prior to insertion is independently 

associated with FTIS (OR1.06 95% CI 1.04-1.07) (Carr, et al., 2016a).  

 

Product variables 

In this review, higher failure rates were identified in smaller 22-24g sizes (Fields, Piela, 

Au, et al., 2014). One study revealed gauge size was significantly associated with failed 

first attempt in univariate analysis (OR 0.44, 95% CI 0.34-0.58) but this was not 

retained in a multivariate model (van Loon et al., 2016). Matching the PIVC size with 

vein assessment is considered in the VIA tool (de la Torre-Montero et al., 2013). It 

suggests a large PIVC (18g) can be considered in patients with at least 6 vein options; 

smaller PIVCs of 22 to 24 g are recommended when 3 or fewer veins are found (de la 

Torre-Montero et al., 2013). One paper describes a greater proportion of success 

between PIVC brands (Jacobson & Winslow, 2005).  

 

Discussion 

The published evidence for TRAs for PIVCs is limited, with few studies using two or 

more reliability, validity, responsiveness, clinical feasibility or utility measurements in 

their development. There is a clear need to assess the clinical utility and clinical 

feasibility of these approaches so they can be externally validated prior to clinical 

adoption (Adams & Leveson, 2012). For this reason, a validated TRA is likely required, 

but must be appropriate for the capability of the healthcare services to use it. We 

suggest the consistent absence of all of these phases is owing to the variety of healthcare 

practitioners who are responsible for the insertion, care, and surveillance of peripheral 

cannulae, and fragmentation of clinical approaches that exist (Castro-Sánchez et al., 

2014).  

Previously, a comprehensive systematic review on the subject of PIVCs found that the 

presence of a visible and/or palpable vein is usually associated with first-time insertion 

success (Sabri et al., 2013). This current review found evidence of simple scores or 
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cutoff percentage estimates in 2 TRA reports to predict either appropriate PVC 

insertion, or FTIS (Carr, et al., 2016a; Kelly & Egerton-Warburton, 2014). If such 

methods are supported by future experimental trials, such simple approaches could 

initiate huge clinical return, particularly given that idle/unused PIVCs are of substantial  

clinical concern (Becerra et al., 2016; Egerton-Warburton & Ieraci, 2013; Limm et al., 

2013). PIVCs transcend a variety of clinical environments with excessive use identified 

in the ED where it may be performed for blood sampling alone, and hence are labeled a 

“just in case” PIVC and contribute to the term “idle” PIVC (Carr, et al., 2016a; Limm et 

al., 2013). Therefore, a clinical indication to perform PIVC insertion in the first instance 

must be embedded into any TRA; for example, clinical deterioration is likely and the 

risks are outweighed by benefit, intravenous fluids and/or medicines are required, 

and/or diagnostic or clinical procedures are requested (such as contrast scans or 

procedural sedation). 

  

In the majority of papers reviewed described how to categorize patients into levels of 

anticipated and predicted difficulty, but none offered corresponding detailed 

recommendations for strategies to increase insertion success, such as insertion with 

ultrasound or vascular access expert. Hypothetically, adopting a TRA may assist with 

the early identification of difficult-to-cannulate patients who may require a more expert 

vascular access clinician. However, in this review we identify a uniform definition for 

DIVA is lacking. Both Webster et al., (2007) and Wells, (2008) suggest that an expert 

inserter is required if difficult access is identified by their tools, but there is no clear 

description of the qualities of an expert inserter in the literature (Carr, Higgins, Cooke, 

Mihala, & Rickard, 2014). Recently, consensus recommendations for the definition of a 

vascular access specialist add to discussions about defining vascular access as an 

interdisciplinary specialist role (Davis, Owens, & Thompson, 2016). This is supported 

by other publications that highlight the association between PIVC procedural 

experience and increased insertion success (Carr, et al., 2016a; Carr et al., 2010; Cuper 

et al., 2012; Da Silva et al., 2010; Soifer et al., 1998).  

With regards to products, PIVC gauge size may or may not be significantly associated 

with insertion success. For identifying a relationship of PIVC gauge with vein quality, 

both the vein diameter and description will help with the clinical interpretation of 

results. For example, it may be the case that bigger veins are easier to insert a PIVC 

and, thus, larger PIVCs are inserted. The opposite can occur when the veins are small 

and poorly visualized; hence, one may select a small gauge catheter. This argument is 
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supported by Prottengeier in a pre-hospital study who excluded PIVC size in a 

multivariate analysis because of confounding (Prottengeier et al., 2015). However, 

gauge size is very likely to influence post-insertion complications. Prospective studies 

are contradictory and suggest 16-18g PIVCs are more likely to contribute to superficial 

thrombus (Cicolini et al., 2009) and phlebitis and thus device failure, in contrast to 

others reporting more frequent dislodgement with smaller 22g PIVCs (Carr et al., 2010; 

Wallis et al., 2014). 

 

Finally, the studies included did not assess survival times of the inserted PIVCs, given 

post-insertion failure in the hospitalised patient is prevalent (Carr, Rippey, Moore, et al., 

2016b) and, importantly, modifiable (Bugden et al., 2016). A TRA may yield initial 

insertion success, but if post-insertion the PIVC fails because of a modifiable reason 

that the TRA has not acknowledged, then it may be of negligible overall benefit. 

Therefore, TRAs for PIVC insertion need further development and ongoing refinement, 

calibration, and external validation testing (van Loon et al., 2016). Future research 

should also examine the role of TRAs in settings where ultrasound or other insertion 

technology is routinely used. 

 

Conclusion  

This review identifies a clinically-significant gap in vascular access science. The 

findings of this review support recent work on vessel health and preservation (Hallam et 

al., 2016; Jackson et al., 2013; Moureau et al., 2012) and appropriate device insertion 

(Chopra et al., 2015). It also points to the need for further research on the development 

and testing of an appropriate clinical TRA to improve vascular access outcomes in 

clinical practice.   
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Table 3.1 Characteristics of included studies 

 

Authors:  

 

Year Country Study Aim Study Design and 

Setting 

Study population & 

Sample Size 

Variables 

Identified 

Analytics and Measurement 

Property Reported  

FTIS  Category of TRA 

 

Carr, Rippey, 

Budgeon et al. 

2015 Australia To identify factors 

affecting First-Time 
Insertion Success 

Prospective Cohort 

(Self-Report) 
Single Centre 

ED 

 

Adult Patients in ED 

N=460 

Visible and  

Palpable Veins; 
Weight Status, Skin 

Shade; Number of 

Sites; 
Location; 

Vein Size;    

Clinician variables: 
Role;  

Numerical  

Experience;  
Likelihood of 

success; 
PIVC Gauge. 

 

Face Validity;  

Multivariate logistic regression 
model. 

ROC Curve 

86% Clinical Prediction Rule  

de la Torre, 

Montealegre-Sanz, 
Faraldo-Cabana et 

al. 

2013 Spain To develop a PIVC 

insertion scale that 
classifies easy to 

difficult PIVC insertion. 

Prospective  

Observational 
Single Centre 

Oncology. 

Initial sample to assess 

patient characteristics, 
N=16;  

Evaluation phase: 

N=108 
Oncology and non- 

oncologic background 

(as control).  

Number of veins 

ACF---Hand.  
PIVC Gauge. 

Extravasation risk 

determined by the 
clinician. 

 

Descriptive Statistics; 

Reliability  
 

N/A Scale 

Fields, Piela, Au et 

al. 

2014 USA To identify risk factor 

for difficult venous 

access in the ED. 

Prospective 

Observational 

Single Centre 
ED. 

Adult patients 

N=767. 

Diabetes; 

Intra venous drug 

abuse; 
Sickle cell disease. 

Multivariate logistic regression 

model. 

77% Risk Factors 

Kelly & Egerton-

Warburton 

2014 Australia Define criteria for PIVC 

insertion. 

Cross-sectional survey. Medical and Nursing 

Emergency Clinicians. 

 

39 potential 

presenting 

complaints.  
 

Modified Delphi technique.  N/A Score 

Jacobson & 

Winslow 

2005 USA To identify clinical 

variables associated with 
PIVC insertion difficulty 

and those associated 

with success and failure.  

Descriptive Study; 

Both in-patient and 
outpatients settings. 

Registers Nurses  

N=34 
339 insertions reported. 

 

A combination of 

patient, clinician, 
and product 

variables.  

Content validity described; 

Likert Scale 
Descriptive Statistics Chi-

Square, T-Test, Pearson 

Correlation  
 

65% Clinical Prediction Rule 

Piredda, Biagioli, 

Barrella et al. 

2016 Italy To identify risk factors 

for difficult intravenous 
cannulation.   

Prospective 

Observational (Self-
Report) 

Single Centre 

Radiology  

Adult patients 

undergoing a radiologic 
scan. 

763 patients  

Vein characteristics 

(visibility; 
palpability; vein 

fragility; veins with 

many valves.  
 

 

Univariate and Multivariate 

logistic regression model. 
 

90% Clinical Prediction Rule 
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Authors:  Year Country Study Aim Study Design and 

Setting 

Study population & 

Sample Size 

Variables Identified Analytics and Measurement 

Property Reported  

FTIS Category of TRA 

 

Sebbane, 

Claret, 

Lefebvre et al. 

2013 France To investigate the 

relationship between BMI 

and PIVC insertion 

difficulty. 

Prospective 

Observational 

Single Centre  

ED 

Adult Patients N=563 Extremes of BMI  

Vein assessment  

Reliability; Inter-rater   

Multivariable logistic regression 

model. 

ROC Curve 

79% Clinical Prediction 

Rule 

Ung, Cook, 
Edwards et al. 

2002 Australia Results from the use of a 
standardized assessment 

tool to investigate the 

impact nursing education 
and experience has on 

PIVC performance.  

Correlational design 
Oncology units and 

wards 

Registered Nurses N=38  Patient education; 
PIVC gauge/type; 

Site selection; 

Insertion technique;  

Validity; Face and Content 
2 x 2 factorial analysis of variance 

Hierarchical Multiple Regression 

Analysis 

N/A Tool 

van Loon, 
Puijn, 

Houterman et 

al. 

2016 Netherlands To develop a predictive 
scale to identify adult 

patients with PIVC 

difficultly. 

Prospective 
Observational 

Cross-sectional Cohort 

Single Centre  
Anesthesiology 

Department 

Adult Patients N=1063 Predominately 
Patient assessment 

factors such as: vein 

diameter visibility 
and palpability; 

DIVA history; 

PIVC gauge  

Univariate and Multivariate logistic 
regression model. 

ROC Curve 

83% Clinical Prediction 
Rule 

Webster, 
Morris, 

Robinson, 

Sanderson. 

2007 Australia To assess the validity and 
reliability of a Vein 

Assessment Tool.  

Cohort Survey 
Medical imaging  

Adult 10 Nurses (5 
Oncology Nurses and 8 

Medical Imaging 

Nurses; 2 Radiographers 

Adult Patients N=10 

Vein Visibility 
Vein size 

Vein Palpation 

 

Reliability; Inter rater; ICC 
Validity; Face  

 

N/A Tool 

Wells 2008 UK To develop two tools: the 

validity of the Venous 
Assessment Tool; and the 

reliability of a tool to 

select a VAD.   

Cohort Survey  VAT study: Patients 

N=14 and Nurses N=8 
Second Study: Patients 

N=30 and Nurses N=2 

 

Vein Assessment 

Patient vascular 
access history.  

 

Reliability; Inter-rater K stat 

Validity; Face (expert opinion) 
 

N/A Tool 

Witting 2012 USA To estimate the incidence 
of PIVC insertion 

difficulty and its impact on 

time.  

Prospective  
Cohort 

Single Centre 

ED 
 

Adult Patients N=125 Specific patient 
variables; Patient self 

report of insertion 

difficulty from none-
severe 

Descriptive Statistics 
Relative Risk 

61% Incidence report 

 
BMI: Body Mass Index; DIVA: Difficult Intra-Venous Access; ED: Emergency Department; FTIS: First time insertion success; ICC: Inter class correlation; PIVC: Peripheral Intra-Venous Catheter; ROC: Receiver operating 

Characteristic curve; TRA: Tools Clinical Prediction Rules and Algorithms; VAD: Vascular Access Device
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Table 3.2 Effect size of independent predictors 

  Study Total 

Cases 

Standard 

error 

Effect 

Size 

(OR) 

95% CI Comparison  

Patient 

Predictor 

      

Weight  Carr et al.  460  0.07 0.02-0.34 Emaciated (n=10) v Normal  (n=250) 

    0.4 0.16-1.02 Underweight (n=73) v Normal  

    1.07 0.43-2.64 Overweight (n=91) v Normal  

    0.71 0.23-2.20 Obese (n=36) v Normal  

      Obese 36 v non-Obese n=424 

 Piredda et 

al. 

667  1.7 1.37-2.10 Obese n=94 (12.4%) v non-Obese n=667 (87.6%)  

      Obese n=94 (12.4%)  v non-Obese n=667 (87.6%)  

       

 Sebanne et 

al. 

563  2.24 1.07-4.67 Underweight (BMI <18.5) n=45 (8%) 18 +/- 0.7 v 

Normal (BMI 18.5-<25) n=266 (47%) 22 +/- 1.8  

      Overweight (BMI 25-<30) n=138 (24%)  27 +/- 1.3 v 

Normal  

      Obese (BMI >30) n=114 (20%) 37 +/- 8.6 v Normal  

      Obese=114 v non-Obese=  449 

Visible Vein Carr et al.  460  2.7 0.17-9.86 Visible vein Yes 379 (82.39%) v No 81(17.61%) 

Visible Vein Piredda et 

al. 

763  0.87 0.83-0.91 Visible vein Yes v No 

Visible Vein van Loon 

et al.  

1063 0.282 3.63 2.09-6.32 Visible vein  

Palpable Vein Carr et al.  460  5.05 1.37-18.64 Palpable Vein Yes 445 (96.74%) v No 15 (3.26%)  

Palpable Vein Piredda et 

al. 

763  0.79 0.74-0.83 Palpable Vein Yes v No 

Palpable Vein van Loon 

et al.  

1063 0.28 4.94 2.85-8.56 Palpable Vein 

Vein Diameter  van Loon 

et al.  

1063  3.37 2.12-5.36  

H/O DIVA van Loon 

et al.  

1063  3.86 2.39-6.25  

Diabetes Fields et 

al. 

743  2.1 1.3-3.4   

IVD Fields et 

al. 

743  2.4 1.1-5.3  

Scikle Cell 

Disease 

Fields et 

al. 

743  3.5 1.4-4.8  

Clinician 

Predictor 

Study   Effect 

Size 

95% CI  

Likelihood  of 

FTIS 

Carr et al. 460  1.07 1.05-1.08 N/A 

Procedural 

Volume >800 

Carr et al. 460  4.404 1.61-12.06 N/A 

Product and 

Technology 

Predictor 

Study   Effect 

Size 

95% CI  

Smaller Size 

PIVC assoc 

with DIVA 

Fields et 

al. 

743  6.4 3.4-11.9 N/A 
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Chapter Conclusion 

Reducing the number of unsuccessful PIVC insertion attempts should become a 

priority for all EDs given the impact on patient and clinical outcomes and the cost 

implications. This chapter included a published systematic scoping review that 

examined existing tools, algorithms, and rules that describe varied approaches to 

PIVC insertion. The literature reviews provided in Chapters 2 and 3 have highlighted 

the need for specific identification of risk factors to predict PIVC insertion failure in 

the adult ED setting, which could inform the development of a Vascular Access 

Decision in the EmeRgency Department (VADER) clinical decision rule. Based on 

this review, a number of variables have been identified that need to be tested for 

associations with first-time insertion success in the development of a valid, reliable 

and usable algorithm for adult PIVC insertion in the ED. This could allow targeted 

decision rules for PIVC insertion based on identified risk factors allowing the most 

appropriate ED clinician to insert the most appropriate sized cannula at the optimal 

site. This could reduce repeated attempts, reduce cost, and increase patient safety and 

satisfaction. This study seeks to address this gap in our knowledge of how to 

optimally insert PIVCs in adults in the ED. Chapter 4 contains the methods of the 

PhD research.  
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Chapter 4 Methods 
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Introduction 

This chapter outlines and describes the methods used to conduct this study. An 

outline of the research aim, research questions, research design, and conceptual 

framework are provided. Two distinct phases are presented, each using a cohort 

study design: the first, using clinician reported data (Phase 1); the second, 

observational methods (Phase 2). Phase 1 is initially described, followed by a peer-

reviewed publication, consisting of the study protocol for Phase 2. The protocol is 

published in BMJ Open: Carr, P.J., Rippey, J.C.R., Cooke, M.L., Bharat, C., Murray, 

K., Higgins, N.S., Foale, A., Rickard, C.M. 2016, Development of a clinical 

prediction rule to improve peripheral intravenous cannulae first attempt success in 

the emergency department and reduce post insertion failure rates: The vascular 

access decisions in the emergency room (VADER) study protocol, BMJ Open, 6, 2, 

e009196  

 

Aim 

The overall aim of this PhD research study was to develop a CDR to improve care 

for patients presenting to ED who require PIVC insertion for therapy. This was to be 

achieved by Objective 1, which was to identify the reasons for PIVC insertion in ED 

and associated risk factors for both insertion failure and post-insertion failure. 

Objective 2 was to combine these factors to develop a clinical prediction rule that 

will ultimately guide practice. The scope of this research is to address the 

fundamentals of insertion-related risk factors for successful PIVC insertion and post-

insertion survival to develop a CDR. It is beyond the scope of this PhD to implement 

and test the CDR; rather, this is planned for the postdoctoral period.  

 

Research Questions 

The research questions for this study were: 

1 What are the risk factors for first-time insertion failure? 

2 What are the risk factors for post-insertion failure? 

3 Can a CDR be developed to target PIVC FTIS in adult ED patients? 
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The principal design was a prospective cohort study of patients with a PIVC inserted 

in the ED. The Phase 1 cohort study involved inserter-reported data, and the Phase 2 

cohort study collected observational data collected by the researcher and colleagues 

(not inserters). The two phases will be explained further, following an outline of the 

conceptual framework for the research.  

 

Conceptual Framework 

A conceptual model or framework for a research study is regarded as a set of 

concepts embedded within the research aim, that when combined contribute to a 

common theme around which the research is situated (Pilot & Beck, 2012). Using an 

existing framework developed for vascular access could, conceivably enhance 

validity and generalizability of the research results and hold greater weight at the 

research translation phase. Additionally, using an existing framework may provide an 

opportunity to develop or revise aspects of it in light of the research findings. 

 

This PhD research study is underpinned by the Vessel Health and Preservation 

(VHP) framework (Hallam et al., 2016; Jackson et al., 2013; Moureau et al., 2012; 

Weston, Nightingale, O’Loughlin, & Ventura, 2017). VHP originated in the USA 

and it has been adopted in the UK by the National Infusion and Vascular Access 

Society (NIVAS), and the Infection Prevention Society in the UK (Hallam et al., 

2016). The overarching philosophy of the VHP framework is preserving healthy 

vasculature through a process of intentional, evidence-based practices. VHP 

describes a process in vascular access decision-making that is timely, with 

appropriate clinical interventions that proactively interweave so the patient can firstly 

receive the most appropriate device within 24hrs, followed by evidence-based 

practice for on-going care and removal. One tenet of the VHP framework is choosing 

the most appropriate device for an individual patient’s need. This makes it an 

appropriate framework to guide the science of vascular access to reduce the number 

of inappropriate PIVC insertions in the ED, improve FTIS rate, and extend the dwell 

time to reduce further PIVC insertions.   

 

Five facets are omnipresent in the VHP process (see Figure 4.1), which are 

represented by the five rights (Jackson et al., 2013; Moureau et al., 2012) of decision-

making in relation to the insertion of a VAD; these are:  
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1. Patients (as they will receive the device): RIGHT patient 

2. Clinicians (as they will insert the device): RIGHT clinician  

3. Products (vascular access devices, antiseptic solutions, other equipment for 

insertion and care): RIGHT device  

4. Processes (insertion policies and procedures, infection prevention and control 

policy and decision-making processes within 24hrs): RIGHT procedure 

5. Infusates and technologies (prescribed medicines, infusion pumps, 

ultrasound and vessel locating technologies): RIGHT infusate/technology.   

All these facets are common to the health service that resources them and in certain 

areas will be dependent on how the health service responds to a particular clinical 

need. Identifying and predicting clinical problems at an early stage, i.e insertion, can 

preserve vasculature and improve the patient experience. Two distinct elements, 

which are relevant to VHP and are central to this PhD research study, are FTIS and 

preventing PIF. This is clinically important as damaging veins with needles can cause 

mechanistic events. For example, every time a needle punctures the vein it causes 

injury to the endothelium and this is one of the triad of factors for thrombosis (Carr 

& Rippey, 2015). Logically, reducing the number of attempts will preserve the 

venous anatomy from this issue. Additionally, every insertion will impart some 

element of risk to the patient, be it: insertion pain; anxiety; infiltration; treatment 

delay possibly due to occlusion; phlebitis (chemical; mechanical; infective) and 

dislodgement, all of which result in potential repeat attempts. Effective insertion on 

the first attempt and making decisions that lead to the PIVC remaining functional 

until no longer clinically indicated is a clinically desirable research endeavour.     

  

FTIS and PIF as situated in relation to the VHP conceptual framework:  

Figure 1 displays an info-graphic of a right device decision tool, which is an element 

of the conceptual framework, i.e. the VHP framework for this research study. 

Narrowing in on the five facets outlined above, a clinical decision rule for PIVC 

could hypothetically enhance the VHP conceptual framework by identifying and 

predicting right patients who are at risk of insertion failure and post-insertion 

complications, and, therefore, divert the insertion of the PIVC to the right clinician 

(e.g. more experienced), to insert the PIVC using the right vascular access device 

with or without the use of the right technology (e.g. ultrasound) to obtain FTIS for 
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the right infusate therapy. In adapting the VHP version by Moureau  et al., (2012),  

Hallam et al., (2016) provided a PIVC assessment guide evident in Figure 4.1 and the 

explanatory grading of veins is seen in Figure 4.2, (Hallam et al., 2016). This 

research will enhance the vessel health and preservation by attempting to further 

predict which grades are likely to have FTIS. Commencing this in the ED would 

identify and target a patient need proactively.  

 

 
Figure 4.1 Vessel Health and Preservation (Hallam et al., 2016), with permission.  
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Grade Vein quality Definition of vein quality Insertion management
1 

1 Excellent 4-5 palpable/visible veins suitable to 

cannulate. 

Cannula may be inserted by 

trained/authorised health care practitioner 

2 Good 2-3 palpable/visible veins suitable to 

cannulate. 

Cannula may be inserted by 

trained/authorised health care practitioner 

3 Fair 1-2 palpable/visible veins suitable to 

cannulate. (Veins may be small, scarred, 

or difficult to find and require heat 

packs to aid vasodilation) 

Cannula may be inserted by 

trained/authorised health care practitioner 

but may require Infrared Viewer or 

Ultrasound  

4 Poor Veins not palpated/visible (requires 

ultra sound assistance or Infrared 

Viewer) 

Cannula may be inserted by an experienced 

practitioner
2
 in Cannulation. Use Infrared 

Viewer, Ultrasound, transillumination or 

other aids 

5 None 

identifiable 

No visible (naked eye or aids) or 

palpable veins. 

Peripheral cannulation should not be 

performed 

Figure 4.2 Vein assessment tool (Hallam et al., 2016), with permission.  

1 
The number of attempts for cannulation before escalation should be reflected in 

local policy. 
2 

To be determined locally. 

 

 

Phase 1 Self-Report Cohort Study and Medical Chart review 

The Phase 1 cohort study had two parts – (i) data collected via inserter self-report, 

and, (ii) a medical chart review – for two separate groups of patients with PIVCs 

inserted in the ED. The first study aimed to identify PIVC first-time insertion success 

(as reported by the inserters), and the medical chart review aimed to investigate the 

failure incidence for PIVCs inserted in ED. This phase was conducted to provide 

baseline data, test data collection tools and processes, and guide sample size 

calculations to inform the larger observational cohort study (Phase 2). The results of 

Phase 1 are included in Chapter 5.  

Phase part 1: Inserter Reported Cohort Study of FTIS 

Method 

Aim: To measure FTIS and to identify the risk factors for PIVC insertion success 

through inserter-reported data to inform a larger observational cohort study.  
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Study Setting 

The Phase 1 study was undertaken in the ED of Sir Charles Gairdner Hospital 

(SCGH) Perth, Western Australia.  

 

Sampling Framework 

Sample 

The sample population included patients who presented to the ED and required a 

PIVC. There are approximately 64,450 patients that present to the SCGH each year, 

and over 33,000 PIVCs were inserted in the year 2012-2013 (SCGH ED Report, 

2013). Approximately 40 medical and 186 nursing staff insert PIVCs in this 

department.  

 

Sampling Method  

A convenience sampling method was used, as there are occasions when the care of 

the patient must take priority over the investigation process. In an attempt to obtain 

ED patient presentation types, the student provided study information sessions and 

regular informal visits to the ED. To reduce any sampling bias toward exclusion of 

only difficult patients, as clinicians may be less likely to report an unsuccessful 

attempt, we made the self-report data anonymous to further increase the participation 

and response. Furthermore, this also ensured the professional reputation of 

participants was not compromised. Clinicians identified themselves by JOB titles 

only, such as: registered nurse; registered medical officer; registrar; and consultant. 

 

Sample size 

As this phase was planned to inform the larger observational cohort study, a 

pragmatic and convenience approach to sample size determination was made. Data 

was collected by inserting clinicians on PIVCs inserted over a one-month period – 

this was achievable within the capacity of the ED clinicians at the time. 
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Data Collection Tool  

A data collection tool (Appendix B) was developed. The literature review presented 

in Chapter 2 contributed to the inclusion of specific variables within the developed 

data collection tool.  

 

Demographic and Clinical Variables collected 

Patient variables identified from the literature that were relevant to adult patients 

presenting to emergency departments included: Triage Category; ED presenting 

complaint; co-morbidities including arthritis, cardiac failure, respiratory issues, 

stroke, and cancer; and, baseline observations to get a true representation of the 

demographics to be analysed. These variables also provided data on patient acuity 

and the rationale for ED presentation enabling understanding of patient 

characteristics.  

 

Clinician factors included were: the rationale for PIVC insertion; the estimated 

number of successful IV cannulation procedures ever; how confident the clinician 

felt that they would secure PIVC insertion on the first attempt (measured in 

percentage out of 100%); and estimated length of time inserting PIVCs in years.  

Clinical characteristics included the side of inserted PIVC (left/right), and site of 

inserted PIVC (hand, low forearm, upper forearm, cubital fossa, upper arm, and 

lower limb). The type and gauge of PIVC used was also collected.  

 

Primary Outcome 

The primary outcome for this phase was first-time insertion success which was 

recorded by the inserter as a dichotomous variable – either yes or no. PIVC insertion 

failure was the outcome of interest for analysis in order to identify independently 

associated risk factors for it using regression techniques. 

 

 

Content Validity  

The data collection tool used in Phase 1 was revised initially with the assistance of 

the supervisory team. Content validity was also enhanced a priori as the tool 
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included risk factor variables derived from the literature and from existing PIVC 

assessment tools. 

 

Data Collection  

Data was gathered from the study sample across the three shifts of day, evening, and 

night to deliver a true representation of PIVC insertions. Prior to cannulation, 

clinicians completed pre-insertion questions, with details of insertion success 

recorded after the procedure. The completed data collection form was then placed 

into a marked folder on each of the PIVC procedure trolleys. Each morning, 

completed forms were removed by the chief investigator and data entered into a 

secure database. After four weeks, data collection was concluded and the forms were 

removed from the PIVC trolleys. 

 

Data Analysis 

Data was entered from the completed forms and inserted into SPSS for analysis. The 

SPSS database was cleaned and checked for errors and incomplete data entry prior to 

any analysis. In addition, the accuracy of the data coding and entry process was 

ensured by comparing the computerized data against a random sample (20%) of the 

original data in the database.  

 

Descriptive Statistics 

Statistical methods included summary and descriptive statistics for FTIS and 

potential risk factors, such as frequencies, means, standard deviations, ranges and 

descriptive plots.  

 

Inferential Statistics  

This analysis assisted in objectively quantifying the strength of the evidence related 

to insertion failure, and also looked at differences and relationships between 

variables. Univariate and multivariate logistic regression were used to determine 

those variables that were significantly associated with FTIS. Univariate analysis was 

conducted initially and then factors that were significant at the 0.1 level were entered 

into the multiple regression model. A significance level of 5% was used to determine 
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statistically significant predictors. Odds ratios and 95% confidence intervals were 

provided for the final model.  

 

Receiver Operator Characteristic Curves  

Receiver operating characteristics (ROC) were constructed by first tabulating and 

then plotting the sensitivity and specificity of the test result at various cut-offs 

(numbers of variables), then calculating the area under these curves (AUROC) to 

quantify overall prognostic discrimination for first-time insertion success. Previous 

reports of AUROC were displayed by Yen (2008) in relation to developing the first 

difficult access score in pediatrics, and Riker (2011) who validated and refined the 

score.  

 

Phase 1, part 2: Medical Chart Review 

Method 

Aim: To measure the incidence of post-insertion failure for ED-inserted PIVCs.  

  

This aim of this element of Phase 1 was to identify the following from a medical 

chart audit: the characteristics of the sample of patients admitted to hospital from the 

ED (Y/N); identify the rationale for removal of the ED inserted PIVC (end of therapy, 

accidentally removed, leaking, redness, pain, death, suspected infection, occlusion); 

and dwell-time of catheter (in hours, mean, and median). This was to inform the 

design of Phase 2 regarding sample size calculations and identification of risk factors 

for post-insertion failure. Retrospective chart audits are a common approach in ED 

research and this sample was planned as sufficiently large to inform Phase 2. 

 

Data Collection Tool and Procedures 

The medical charts of patients admitted to the hospital from ED were identified using 

the informatics system. A data extraction tool to interrogate the medical record for 

evidence of the clinical utility of the PIVC and the reason for removal was 

developed.   
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The chart review database (CRD) was constructed by the student and considered for 

clarity and usefulness so as to ease data extraction processes as recommended in 

studies with this design (Matt & Matthew, 2013). Items included in the CRD were: 

age; gender; patient size; ward location; diagnosis; clinical specialty; chronic health 

condition (obesity, hypertension, diabetes, atrial fibrillation); type of intravenous 

therapy (fluids, antibiotics, and/or analgesia); peripheral vein assessment score (the 

current phlebitis assessment tool at our hospital) for each day; dwell time of the 

PIVC; the rationale for removal (infiltration, phlebitis, occlusion, accidental removal, 

no longer needed, routine replacement, not documented); evidence of the type and 

number of other vascular access devices; length of hospital stay; whether the PIVC 

was used for intravenous therapy in ED; site of insertion; cannula size; the inserting 

clinician’s role, level of experience with PIVC insertion and, their predicted 

likelihood of FTIS; as well as the actual FTIS (or failure).  

 

To ensure face validity, all variables were underpinned by relevant literature, 

discussed with content experts, and supported by a reported methodology for reliably 

conducting a retrospective chart review (Gearing, Mian, Barber, & Ickowicz, 2006). 

For the first 30 records (representing approximately 10% of the predicted charts we 

intended reviewing), two researchers assessed the charts to ensure data extraction 

was comparable by discussing and agreeing what information should be entered in 

our coded CRD. This allowed us to pilot our CRD so that standardized data 

extraction could occur and accurate information for each variable entered. The data 

pertinent to PIVC care that we extracted were reliant on the presence and reliability 

of the information documented by medical/nursing personnel.  

 

Data Analysis 

Data were analysed using descriptive statistics, cross tabulation, and central tendency 

in addition to logistic regression modeling. Outcomes of key interest to this study 

were: dwell time, documented complications, and rationale for removal. A Kaplan 

Meier survival curve was drawn to depict the incidence of post-insertion failure over 

the PIVC dwell, plotted by factors considered clinically relevant. However, given the 

small numbers that described the reason for device removal, we could not accurately 

suggest an association and did not publish the logistic regression or survival curves.  
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Ethical considerations 

Ethical principles of beneficence and non-maleficence, respect, justice, and 

confidentiality were adhered to in all aspects of the research (Pilot & Beck, 2012) 

reflecting the Core National Health Medical and Research Council guidelines for 

good clinical practice. Phase 1 (both parts) was approved as a quality initiative 

process at SCGH, now termed governance, evidence, and knowledge outcomes 

(GEKO). The Human Research Ethics (HREC) department at SCGH provided an 

approval letter. Approval from the Griffith University HREC was also obtained (see 

Appendix C for approval letters).  

 

Phase 2 Methods  

The published manuscript of the protocol for Phase 2 is included later in this chapter. 

Firstly, additional research rigor is addressed in term of validity, reliability, protocol 

publication, and clinical trial registration. The data collection tool for Phase 2 went 

through a process of validity and reliability testing and, although included in the 

manuscript, is outlined in more detail below. Additionally, Appendix C contains 

HREC approval for Phase 2 and contains participation and consent forms and patient 

information sheets, withdrawal of consent forms, and video and image consent 

forms. In observing the insertion practice we would be able to independently assess 

the procedural aspects of PIVC insertion with respect to ANTT/KPP. ANNT is 

defined as a specific framework with a unique theory and practice that suggests a 

standarised the approach to PIVC insertion (Clare & Rowley 2017). If any of the key 

parts of the insertion were compromised such as: the PIVC; the needle free 

connector/J-loop; the flush; the dressing; the patients skin; gloves, and sterile field 

(see Appendix F).  

 

Content Validity  

The data collection tool used in Phase 1 part 1 was revised for Phase 2 and then sent 

to five ED consultants and five international vascular access specialists to rate each 

item using a level-content validity index, as suggested by Polit and Beck (2006).  

Five reviewers is deemed an appropriate number to assess content validity (Lynn, 

1986). Content validity is defined as “the degree to which an instrument has an 

appropriate sample of items for the construct being measured” (Polit & Beck, 2006, 
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p. 489). Using group expertise is one established example to identify if items in the 

data collection tool agree with the construct under investigation (Polit & Beck, 

2006).   

 

Each ED and VA expert was asked to rate each question on the data collection 

instrument. This is termed item level content validity index (I-CVI) (Polit & Beck, 

2006). A four-point ordinal scale was used and included the following ordinal rating 

questions: 1=not relevant, 2=somewhat relevant, 3=quite relevant, 4=highly 

relevant. An I-CVI for each item in the data collection tool was determined by 

dividing the total score for each item by the number of participants (Pilot & Beck, 

2012). An I-CVI of 0.78 with three or more raters is deemed to have good content 

validity (Polit, Beck, & Owen, 2007). All questions returned an I-CVI greater than 

0.78. No major differences in any items required further revision and testing. 

 

Reliability 

Prior to implementation, reliability of the data collection tool was assessed. The less 

variation found with repeated use of the data collection increases its reliability. 

Consensus measurements of inter-rater reliability is a popular approach with 

observational studies and occurs when data is recorded by two independent observers 

(Pilot & Beck, 2012). Prior to applying the chosen instrument, inter-rater reliability 

was tested using the Cohen’s Kappa statistic. This measures the level of consensus 

amongst two or more independent users of the instrument tool. A value of 0.60 is 

minimally acceptable and 0.75 or higher is very good (Pilot & Beck, 2012). Two 

independent observers (researchers) blinded to each other’s approaches, completed 

the data collection tool on the same patient in succession so that measurements of 

reliability were tabulated. Intra-rater reliability was assessed after completing 

repeated data collection tools for ten patients. Initial Kappa was above 0.90 

suggesting a very high level of agreement (McHugh, 2011).  

  

Protocol Publication  

Publishing a study protocol serves several important purposes: it increases the 

discussion on the subject matter; exposes research quality and transparency for 

vascular access science; encourages collaboration between research teams interested 
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in the same subject; disseminates a contemporary approach to an observational 

cohort study design; and, can avoid research duplication (Smith, Mercer, Gunn, van 

den Akker, & Fortin, 2014). 

 

A published protocol allows reviewers to critique the study plan (Skogvoll & 

Kramer-Johansen, 2013). It assists in presenting the final results and supports a 

systematic method to evaluate the data so that selective reporting of outcomes is 

avoided. Crucially, it assists the vascular access community of scientists and 

clinicians to compare the original study aims and design of the study with the final 

published manuscript. This helps reduce the potential for deviations from the 

protocol and changing primary outcomes and endpoints of the study. This issue is a 

problem, which is well evidenced in both observational studies and randomized 

controlled trials (Evans, 2007).  

 

Study Registration  

The International Committee of Medical Journal Editors (ICMJE) require registration 

of clinical trials to address the problem of selective reporting and non-publication of 

negative results (Laine et al., 2007). According to Harriman and colleagues, Clinical 

trial registration creates a public record of the existence of all clinical trials 

(Harriman & Patel, 2016). Other commentary suggests stronger language is required 

and that prospective registration of clinical trials must be mandatory to allow for 

transparency in research so that the validity of evidence based practice is upheld with 

reliable data (Aslam, Imanullah, Asim, & El-Menyar, 2013). It is also accepted that a 

publication and registration of protocols enhances credibility for all research designs, 

not simply for clinical trials. The aforementioned reasons underpin the rationale for 

registering the VADER study prospectively.  

 

Phase 2 consisted of a large, prospective cohort study that collected data in order to 

establish and model insertion-related risk factors for PIVC insertion and post-

insertion failure. A published journal article is now presented, being the Phase 2 

research protocol. The results of Phase 2 are presented in Chapter 6. 
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Phase 2 Protocol Publication: 

 

Publication: Development of a clinical prediction rule to improve peripheral 

intravenous cannulae first-attempt success in the emergency department and 

reduce post-insertion failure rates: The vascular access decisions in the 

emergency room (VADER) study protocol.  

 

Reference: Carr, P. J., Rippey, J. C. R., Cooke, M. L., Bharat, C., Murray, K., 

Higgins, N. S., Foale, A., Rickard, C. M. (2016). Development of a clinical 

prediction rule to improve peripheral intravenous cannulae first attempt success in 

the emergency department and reduce post insertion failure rates: The vascular 

access decisions in the emergency room (VADER) study protocol. BMJ Open, 6(2), 

e009196. 

 

Abstract 

Introduction: Peripheral intravenous cannula (PIVC) insertion is one of the most 

common clinical interventions performed in emergency care worldwide. However, 

factors associated with sucessful PIVC placement and maintaneance are not well 

understood. This study proposes to determine the predictors of first-time PIVC 

insertion success in ED and identify the rationale for removal of the ED inserted 

PIVC in patients admitted to the hospital ward. Reducing failed insertion attempts 

and improving peripheral intravenous cannulation practice could lead to better staff 

and patient experiences, as well as improving hospital efficiency. 

 

Methods and Analysis: We propose an observational cohort study of PIVC 

insertions in a patient population presenting to ED, with follow-up observation of the 

PIVC in subsequent admissions to the hospital ward. We will collect specific PIVC 

observational data such as: clinician factors, patient factors, device information and 

clinical practice variables. Trained researchers will gather ED PIVC insertion data to 

identify predictors of insertion success. In those admitted from the ED, we will 

determine the dwell-time of the ED-inserted PIVC. Multivariate regression analyses 

will be used to identify factors associated with insertion success and PIVC failure, 

and standard statistical validation techniques will be used to create and assess the 

effectiveness of a clinical predication rule. 
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Ethics and Dissemination: This study has ethical approval and is registered with the 

Australian New Zealand Clinical Trials Registry (ANZCTR) 

ACTRN12615000588594.  

 

The findings of our study will provide new evidence to improve insertion success 

rates in the ED setting and identify strategies to reduce premature device failure for 

patients admitted to hospital wards. Results will unravel a complexity of factors that 

contribute to unsuccessful PIVC attempts such as patient and clinician factors along 

with the products, technologies, and infusates used. 

 

Background 

Peripheral intravenous cannula (PIVC) insertion is a vascular access clinical 

procedure that is shared amongst many professionals, including: nursing, medical, 

paramedical staff, physician assistants, as well as technical and support staff. 

Vascular access decisions in the emergency room (VADER) or the Emergency 

Department (ED) overwhelmingly favour the PIVC as the device of choice. The 

ubiquity of this procedure was demonstrated in a point prevalence study undertaken 

in a European hospital: over 84% of patients had a vascular access device (VAD) of 

some type, with 80% of these PIVCs (Fernandez-Ruiz et al., 2014). Factors identified 

as predictors of insertion failure in the Emergency Department (Fields, Piela, Au, et 

al., 2014; Sebbane et al., 2013) and premature device failure in admitted patients are 

published separately (Wallis et al., 2014). However, notwithstanding literature 

concerning PIVCs inserted in ED using ultrasound technology (Dargin et al., 2010), 

none has focused on the survival of PIVC from ED to hospital admission and this 

represents a significant gap in the literature. Previously, first-time insertion success in 

our ED population was identified at 86%; however, one limitation was the use of a 

self-report method (Carr, et al., 2016a). We subsequently performed a chart review of 

this patient population admitted with an ED-placed PIVC so we could identify a 

rationale for removal. We were unable to identify why the ED-inserted PIVC is 

removed with any great accuracy due to poor documentation. We did, however, 

identify documented evidence of repeat PIVCs within 72hrs suggesting the ED PIVC 

is failing to last three days. This subjects the patient to repeat attempts. It is this prior 

work that has motivated this observational study.  
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Insertion success 

Preserving the venous anatomy from damage caused by repeated skin punctures 

through failed PIVC insertion attempts is a challenge in high-paced environments 

such as the ED. Reducing the number of needle insertions and skin punctures should 

become a priority for clinical science. Moreover, reducing the number of 

inappropriate PIVC insertions or those not clinically justified is another priority 

(Limm et al., 2013). A reduction in repeated PIVC insertions has been identified as a 

cost-saving strategy that can save tens of millions of dollars for the Australian 

healthcare service each year (Tuffaha, Rickard, Inwood, Gordon, & Scuffham, 2014). 

Staff time to re-insert a device, lost therapy time that impacts on treatment options, 

and an increase in length of stay, along with additional products such as dedicated 

PIVC packs and “once only use” equipment makes repeat attempts expensive. So-

called “first-time PIVC insertion success” (where the inserter only pierces the skin 

once and successfully places the PIVC in the vein) ranges from 18-80% in both the 

paediatric and adult populations (Carr, et al., 2016a; Cuper et al., 2012; Jacobson, 

1999; Jacobson & Winslow, 2005; Lapostolle et al., 2007; O’Neill et al., 2012; Riker 

et al., 2011; Witting, 2012; Yen et al., 2008). The variability of first-time insertion 

success rates suggests that PIVC insertion is frequently difficult; however, improved 

and sustained first-time insertion success of 98-99% occurs when specialist insertion 

teams provide PIVC insertion (Carr et al., 2014). 

 

Specific patient factors are reported to contribute to insertion failure such as: age 

(Dougherty, 2014); patient size (Au et al., 2012; Bauman et al., 2009; Brannam et al., 

2004; Carr, Rippey, Budgeon, et al., 2016; Chinnock et al., 2007; Costantino et al., 

2005; Dargin et al., 2010; Fields et al., 2012; Juvin et al., 2003; Keyes et al., 1999; 

Panebianco et al., 2009; Schoenfeld et al., 2011; Sebbane et al., 2013); limited and 

suitable veins contributing to a difficult intravenous access (Au et al., 2012; 

Chinnock et al., 2007; de la Torre-Montero et al., 2013; Fields, Piela, & Ku, 2014; 

Panebianco et al., 2009; Sebbane et al., 2013); previous history of failed attempts and 

recent hospital admission (de Negri et al., 2012; Fields, Piela, & Ku, 2014; 

Lapostolle et al., 2007); diabetes (Au et al., 2012; Fields, et al., 2014a; Panebianco et 

al., 2009); intravenous drug use (Au et al., 2012; Bauman et al., 2009; Brannam et 

al., 2004; Chinnock et al., 2007; Costantino et al., 2005; Dargin et al., 2010; Fields et 
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al., 2014a; Keyes et al., 1999; Panebianco et al., 2009); cancer diagnosis and recent 

chemotherapy (Bensghir et al., 2012; Lapostolle et al., 2007; Panebianco et al., 

2009); patient anxiety (needle phobia) (Jenkins, 2014). Additionally, technologies 

purported to enhance insertion success such as ultrasound or other vessel locating 

devices report first-time insertion success that ranges from 18%-87% (Dargin et al., 

2010; Brannam et al., 2004; Fields et al., 2012; Aulagnier et al., 2014) suggesting re-

evaluation is required.  However, clinician factors such as experience of the inserter 

and number of PIVC procedures performed (Bensghir et al., 2012; Carr et al., 2016a; 

Cuper et al., 2012; Frey, 1998; Jacobson & Winslow, 2005; Lapostolle et al., 2007) 

contribute to improved insertion success. Over twelve risk factors have been reported 

to predict insertion failure in the emergency care setting; these include: age, gender, 

race, BMI, history of chemotherapy, diabetes, dialysis, intravenous drug abuse 

(IVDA), swelling, sickle cell disease and recent hospitalization or ED visit within 90 

days (Au et al., 2012; Bauman et al., 2009; Brannam et al., 2004; Carr, Rippey, 

Budgeon, et al., 2016; Chinnock et al., 2007; Costantino et al., 2010, 2005; Dargin et 

al., 2010; Elia et al., 2012; Fields et al., 2012; Fields et al., 2014a; Keyes et al., 1999; 

Mills et al., 2007; Panebianco et al., 2009; Resnick et al., 2008; Schoenfeld et al., 

2011; Sebbane et al., 2013; Stein et al., 2009; van der Woude, Cuper, Getrouw, 

Kalkman, & de Graaff, 2013).. It is reasonable to suggest that achieving greater first-

time insertion success in ED and increasing the functional dwell-time of inserted 

PIVCs could save money and impact positively on the patient experience. Improving 

the patient journey with better vascular access care should be a priority for hospital 

administrators (Moureau et al., 2012). 

 

Post-insertion complications 

In the adult population, secondary data analysis from a large randomised controlled 

trial indicate that post-insertion 25% of PIVCs fail (Wallis et al., 2014). The causes 

of post-insertion failure warrant attention, and include infection, infiltration or 

extravasation, occlusion, and dislodgement, which can lead to a reduced therapeutic 

effect of prescribed medicines (Wallis et al., 2014). Post-insertion failure is complex 

multifactorial and is influenced by patient characteristics, such as: age (Dougherty, 

2014; Wallis et al., 2014); gender (Wallis et al., 2014); any infection at baseline 

(Wallis et al., 2014); number and type of co-morbidities (Cicolini et al., 2009); 

smoking (Luís Carlos do Rego Furtado., 2011); and device characteristics such as: 
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PIVC gauge and length (Cicolini et al., 2009; Costantino et al., 2010; Keyes et al., 

1999); site of placement (Cicolini et al., 2009; Wallis et al., 2014); antibiotics 

prescribed IV (Wallis et al., 2014); not using a J-loop or extension set or closed 

system catheters (Easterlow et al., 2010; González López et al., 2014); securement 

device failure (Carr et al., 2010); and the hospital culture in managing these medical 

devices, for example the adoption of an aseptic technique (Loveday, Wilson, Pratt, 

Golsorkhi, Tingle, Bak, Browne, Prieto, & Wilcox, 2014). PIVC insertions in the ED 

have been reported as a cause of phlebitis and staphylococcus aureus bacteremia, 

leading to premature device failure. As a result, routine PIVC replacement after 24 

hours is recommended for ED PIVCs in an attempt to reduce the risk of infection 

(Stuart et al., 2013; Trinh et al., 2011; Zingg & Pittet, 2009). 

 

Studies in the ED are limited to insertion failure and risk factors for difficult insertion 

(Fields, Piela, Au, et al., 2014). Those that do identify dwell-time during or post-ED 

are limited to PIVC insertions using ultrasound-guided technology (Dargin et al., 

2010; Keyes et al., 1999) and 47% of PIVCs inserted with ultrasound guidance 

failing within 24 hours (Dargin et al., 2010). It is unknown how long the ED- 

inserted PIVC (using traditional attempts) remains intravenous and what the rationale 

for removal is. Added to this is another unknown: the number of repeat attempts that 

occur after the removal of an ED PIVC. 

  

Even when a dedicated intravenous team with a first-time insertion success rate of 

98% perform the initial insertion, the PIVC post-insertion failure in an orthopaedic 

ward was 49%, which was attributed to securement device failure (Carr et al., 2010). 

The range of possible complications that have been reported in the literature related 

to PIVCs are: phlebitis/thrombophlebitis, psychological distress (needle phobia), 

nerve injury, dislodgement (due to dressing failure), occlusion, air embolism, tissue 

necrosis, infiltration/extravasation, infection, and death (Jenkins, 2014; Khadim et 

al., 2013; Pujol et al., 2007; Stevens et al., 2012; Wallis et al., 2014; Walsh, 2008; 

Zingg & Pittet, 2009). Such failures are unacceptable. These contribute to increased 

length of hospital stay, thus interrupting the patient care processes and clinical 

pathways (Barton et al., 1998). 
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Study Design:  

The VADER study is a single-site prospective cohort study of patients requiring 

peripheral intravenous cannulation in the ED with a subsequent follow-up to identify 

the dwell time of such cannulae. The research aim of the VADER study is to: (i) 

identify risk factors for peripheral intravenous cannulation success; (ii) identify risk 

factors for reduced dwell-time/failure; and, (iii) develop a clinical prediction score 

for PIVC insertion in the ED.  

 

Participants and setting: 

The proposed study will be undertaken in the EDs of Sir Charles Gairdner Hospital 

(SCGH) and Fiona Stanley Hospital (FSH) Perth, Western Australia. Both EDs 

provide 24-hour emergency service for adult patients and are accredited with the 

Australasian College for Emergency Medicine for training. The departments provide 

a full range of adult tertiary specialties. According to the Emergency Department 

(ED) of SCGH information system, over 33,228 peripheral intravenous cannulas 

(PIVC) insertion procedures were recorded between July 2012 and June 2013 with 

over 64,000 patients registered. This is a substantial number of vascular access 

devices used by one department. FSH is a new hospital campus and annual numbers 

of PIVC use are unknown at present. Bed capacity at SCGH is 650, while FSH has a 

capacity of 783.   

 

Participants will include ED patients and ED clinicians. There are over one hundred 

nurses and over seventy medical doctors eligible to participate at each site.   

 

Outcomes:  

Primary Outcome 

First-time insertion success is the primary outcome and will be recorded as a 

dichotomous variable of either yes or no. PIVC insertion failure is the outcome of 

interest for analysis along with associated risk factors, which will be identified using 

regression techniques.  

 

Secondary Outcome 
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A second statistical model is proposed to identify risk factors for failure of the PIVC 

in patients admitted to the wards. This will also be a dichotomous measure of either 

yes or no.  

 

Sampling Framework: 

Sampling Method  

The sample population for this proposed study will include patients that present to 

the ED and who subsequently require a PIVC. A convenience sampling method will 

be used because of limited funding and resources. An attempt will be made to gather 

all ED patient presentation types and exclude none, thus reducing sampling bias 

toward the inclusion of only difficult patients. All patients over the age of 18 years 

who require the insertion of a PIVC and clinical staff, who place PIVCs as part of 

their role in the Emergency Department, will be included in the study. We will 

exclude patients who are under 18 years of age and any clinician inserters who 

decline to provide consent to be observed. A requirement of our ethical approval 

states we must consent clinicians before we observe their practice.  

 

Sample Size: 

Sample size calculations for this type of study are complex (Ryan, 2013), and often 

the decision on how many observations to record is really a pragmatic one. They can 

be derived when there is one explanatory variable, but there is no agreed method to 

calculate sample sizes when there are a number of explanatory variables proposed in 

this study. As the primary outcome is first-time insertion success our sample size is 

calculated from a previous clinical survey we performed resulting in a successful first 

attempt rate of 86% (Carr et al., 2016a). With our proposed sample size of 1000, we 

would have sufficient numbers to adequately investigate approximately ten variables 

using a multivariate logistic regression technique. Additionally this number would be 

sufficient based on guidelines suggested by Peduzzi et al., (1996) and Vittinghoff and 

McCulloch (2007). Furthermore, this would more than adequately satisfy the 

minimum recommendation of Steyerberg (2009) for validation purpose.  

  

Content Validity Index:  
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Data collection: 

This prospective study will be conducted when the investigator (PJC) or a small team 

of research nurses/assistants are available during the time period June 2015–Dec 

2015. Data will be collected each day by the investigator/research nurses/assistants 

trained in using our case report form (CRF). They will prospectively collect patient 

data and observe the PIVC insertion by the ED clinician and record the first-time 

insertion success. In addition, the number and reason for any clinicians who refuse to 

have an observation recorded will be collected. Each morning, the unique medical 

number of the previous day’s observations (which will be stored and secured in a 

database on the hospital network) will be identified for admission or discharge. 

Patients who are discharged will contribute to our planned risk factors for insertion 

success analysis. Patients who are admitted will be followed up on the ward daily and 

data collected until the PIVC that was placed in the ED has been removed. This will 

assist identifying the dwell-time of the ED inserted PIVC and the rationale for 

removal. The form includes demographic, historical, and clinical risk factors. The 

current literature and clinical experts underpin our CRF, which contribute to face and 

content validity of our CRF respectively. We have also assessed our CRF 

quantitatively using the content validity index outlined by Pilot and Beck (2006) with 

both ED clinicians and vascular access experts resulting in excellent content validity 

(Polit & Beck, 2006). The developed CRF was also used in our self-report study 

(Carr et al., 2016a) and proved to be clear, logically flowing, relevant, and acceptable 

in the ED clinical environment.  

 

Proposed demographic and clinical data variables  

Various variables will be collected to describe the patient population that is not 

dissimilar to that found in the majority of Australian adult emergency departments, 

thus facilitating generalizability. These variables, evidenced to predict insertion 

failure and post-insertion failure, are drawn from the literature. Some of the potential 

risk factors for insertion failure could conceivably be the same evaluated risk factors 

for post-insertion failure, with a small number of additional variables. We will use 

similar definitions for skin assessment quality (Marsh et al., 2015) and vein 

assessment quality (Carr et al., 2016a; de la Torre-Montero et al., 2013; Webster et 

al., 2007) used in previous studies. Insertion success will be defined by the visible 
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presence of venous blood at the PIVC hub after the PIVC pierces through the skin 

into a vein, in addition to a small volume (up to 10mls) of normal saline (0.9%) 

connected to the PIVC being flushed into the vein without evidence of any 

complication such as infiltration. 

 

Validated questions and variables we intend to observe and collect include: 

presenting complaint, weight status, number of visible and/or palpable veins, vein 

size (small 1mm, medium 2-3mm or large >4mm),  the venous international 

assessment scale (VIA), skin type/temperature (we will use a similar definitions for 

skin assessment quality (Marsh et al., 2015), and vein assessment quality (Carr et al., 

2016a; de la Torre-Montero et al., 2013; Webster et al., 2007) used in previous 

studies), skin shade, rationale for insertion, prediction that the PIVC will be used for 

intravenous therapy, clinician experience, clinician pre-procedural estimation of 

success, aseptic technique, number of needle redirections, additional products used 

such as add on-devices referred to as needle free connectors and J-loops, use of 

ultrasound and any observed blood spillage. Appendix F and G displays our CRF that 

will be used to collect our observational data in ED.  

 

The ward follow-up data to be collected will include the rationale for PIVC removal 

and any factors based on the aforementioned literature that influence failure. Items 

included in the ward follow up CRF contain additions and refinements from a 

validated data collection tool used in an international PIVC prevalence study 

(Alexandrou et al., 2015). Data will be obtained from patients’ medical records, 

patients, and the healthcare professional allocated to care for the admitted patient. 

We propose to obtain the following information: PIVC removal time, patient 

discharge time, routine replacement (72hrs), intravenous (IV) therapy completion, 

device failure rationale, dislodgment (patient pulled it out, other patient factors such 

as confusion, diaphoresis), dressing failure, patient complained of pain, a peripheral 

venous access score (PVAS) recommending replacement, occlusion (inability to 

flush PIVC), infiltration/extravasation, suspected phlebitis/thrombophlebitis, 

suspected infection, hours in situ, numbers of patient hours in hospital, number of 

infusions or IV medicines prescribed, lost to follow up due to hospital transfer, 

subsequent PIVC inserted, other vascular access device, venepuncture (daily bloods), 

and type of IV medicine and/or therapy (see Appendix F/G). Data will be mapped 

with the census reporting any reportable infection control episodes from PIVCs and 
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with the hospital’s peripherally inserted central venous catheter database. Attending 

clinicians will be made aware of any cases where an infection is suspected in the 

ward follow up, so that a clinical assessment of the patient can occur. 

 

We will initially pilot our CRF so that the research observers understand and accept 

any limitations that may occur to ensure a standardised data collection process. Inter-

rater reliability between the research observers will be performed to assess for 

congruency.   

 

Planned statistical analysis: 

Univariate and multivariate binary logistic regression will be conducted to determine 

the predictor variables of first-time insertion success. Variables that are significant at 

a 5% significance level will be retained in the final model. Adjusted odds ratios and 

95% confidence intervals will be provided for this final model. A cross validation of 

the final model will be carried out by cross-validating this model with a hold out 

sample. Predictive performance of the validated prognostic model will be assessed by 

measures of calibration and discrimination. Calibration refers to the agreement 

between the observed probability and predicted probability of experiencing a 

successful first time cannulation. We will categorise the predicted probabilities into 

bins of equal width, and compare these to the actual proportions successful in each of 

these bins graphically by plotting observed proportions versus predicted 

probabilities. Measures of diagnostic performance, including sensitivity, specificity, 

positive and negative predictive values, and positive and negative likelihood ratios 

for several probability thresholds, will also be used to assess model performance.  

The model’s ability to distinguish between patients with a low probability and high 

probability of experiencing a successful cannulation (i.e. discrimination) will be 

assessed using the C statistic. Once the final predictive model has been validated, 

predicted probabilities of successful first-time cannulation for new patients can be 

calculated based on the regression parameter estimates from this model. These can be 

compared to a pre-determined cut-off score to identify patients more likely to have an 

unsuccessful attempt to allow for intervention in a practical clinical setting. Analyses 

for secondary aims will include Cox proportional hazards models and will include: 

Time zero (T0): IV insertion; Time of event (T1): PIVC failure; and, Time censored 
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(T2): PIVC removal or transfer to another hospital. Kaplan-Meier curves will 

identify the survival time of ED inserted PIVC. 

 

Ethical considerations: 

The Sir Charles Gairdner Group, Human Research Ethics Committee (HREC) has 

approved the study (HREC reference SCGH 2014-138) and both SCGH and FSH 

authorised site approval. A waiver of consent is granted for the inclusion of the 

patients receiving a PIVC under section 2.3.10 of the Australian national statement 

on ethical conduct in human research. Patients who have the capacity to understand 

will have a patient study flyer read to them, and therefore will have an option to 

decline the researchers observe them receiving a PIVC insertion. In adherence with 

the approved HREC conditions, clinicians will be consented by PJC or JR to allow 

the research team to collect observational data using the CRF; patient data will be 

obtained from the medical record. The clinician performing the insertion will provide 

informed consent for the duration of the study. Each potential participant will receive 

a study information guide and based on this will sign a consent form. No coercion 

whatsoever will take place. The study is registered with the Australian New Zealand 

Clinical Trails Registry ACTRN12615000588594. 

 

Discussion 

The majority of acute patients that require a hospital admission have a PIVC inserted 

in the ED. Unfortunately, adult first-time insertion success in emergency settings 

vary considerably in range, from 18%-86% (Aulagnier et al., 2014; Carr et al., 

2016a; Lapostolle et al., 2007; Sebbane et al., 2013; Witting, 2012). A clinical 

prediction rule could conceivably reduce insertion failure and initiate a proactive 

attempt. When traditional attempts are exhausted, commonly employed rescue 

techniques to ensure PIVC insertion include the use of ultrasound guidance. 

However, even this method is not without its faults and failure rates of first-time 

insertion success range from 42%-87% (Brannam et al., 2004; Costantino et al., 

2010). Such results warrant further scrutiny as the inclusion or referral criteria for an 

ultrasound inserted PIVC is two or more failed traditional attempts (Darvish et al., 

2011; Doniger et al., 2009; Stein et al., 2009). Reducing failure with a clinical 
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prediction rule would improve patient experience, reduce costs, and improve ED 

processes and patient flow.   

 

Clinical prediction rule: 

Previously published PIVC insertion tools, rules, and flow charts underpinned the 

development of our CRF (Mbamalu & Banerjee, 1999; Witting, 2012). However, 

none are specifically focused on ED-insertion success and avoidance of premature 

device failure. The results of this study will develop a clinical prediction rule to 

establish proactive PIVC insertion in the ED. This could, in theory, reduce 

inappropriate PIVC placement, preserve patient veins prior to any traditional 

attempts in favour of alternative vascular access methods such as vessel locating 

devices or the insertion of central venous access devices. An observational design, is 

suggested by Adams and Leveson (2012) is to establish a clinical prediction rule. 

Additionally, a clinical prediction score could direct the most appropriate trained 

clinician to insert a PIVC on patients at greatest risk of failure. The number of 

patients experiencing failed procedures, whether or not they are painful, suggests that 

clinicians need guidance on how to improve the procedural aspects of PIVC 

insertion. One study identifies increases in patient pain when multiple insertions are 

attempted compared to one insertion attempt (Fields, Piela, & Ku, 2014b). 

 

Equally as important as procedural success is the prevention of post-insertion PIVC 

failure. The dwell-time of PIVCs inserted with a traditional approach in the ED is 

largely unknown. The latest evidence of PIVC failure reports an excessive degree of 

post-insertion failure through infiltration, occlusion, phlebitis, and dislodgement, thus 

contributing to economic waste (Tuffaha, Rickard, Webster, et al., 2014; Wallis et 

al., 2014). Many of these failures may stem from suboptimal PIVC insertion 

procedures and result in further waste and pain for patients.  

 

Strengths and limitations of this study  

The strengths of this proposed work lie in the development of our clinical case report 

form with international vascular access experts and senior ED clinicians with 

excellent content validity. One obvious limitation is that clinicians may positively 

change their practice behaviour in the presence of the researchers observing their 
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performance. Alternatively, it may have the opposite effect and may inadvertently 

add extra stress and cause performance anxiety and therefore performance bias. 

However, there is also another possibility, which is the potential of the observed 

clinicians being used to working in a busy ED environment where they are frequently 

observed by patients, visitors, a variety of health care professionals and as a result 

not change practice behaviour at all. It is unlikely we will obtain consent from all 

clinicians employed in the ED for the duration of the study period. Due to the few 

resources we have we can only use a convenience sample as opposed to a 

consecutive sample and this may be perceived as a bias.  

 

Conclusion 

PIVCs are the most frequently inserted intravascular device in the ED. Successful 

insertion requires the combination of a small set of significant procedural steps for 

successful outcomes. Risk factors for PIVC failure have been identified in large 

prospective studies (Lee et al., 2009; Wallis et al., 2014), and prevention of PIVC 

insertion failure with the use of specialist teams is growing (Carr et al., 2014). A 

greater focus needs to address how to implement this knowledge with observational 

data specific to the ED setting. Reducing the number of unsuccessful PIVC insertion 

attempts should become a priority for all EDs given the impact on patient outcomes, 

clinical outcomes, and cost implications. This could improve the journey of patients 

with ED-inserted PIVCs and reduce the rates of insertion failure and post-insertion 

failure. Reducing failed insertion attempts and improving insertion practice could 

lead to better staff and patient experiences, as well as greater hospital efficiency by 

using staff time and equipment effectively. This proposed study seeks to address this 

gap in our knowledge of how to reduce PIVC insertions, improve first-time insertion 

success, and decrease premature failure of the PIVC. Additionally, our study could 

promote appropriate decision-making, for example, best practice standards when 

performing PIVC insertion in ED and promote venepuncture as opposed to PIVC 

insertion for blood sampling. The latter is a timely issue in light of the choosing 

wisely campaign in Australia, which attempts to reduce unnecessary waste in 

healthcare.   
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Chapter Conclusion  

This chapter has discussed the study design and the methods that were used in the 

research study. The research aim, questions, and phased approach of the study were 

described, and the vascular access conceptual framework underpinning the research 

perspective and concepts was outlined. Ethical considerations were addressed for 

both phases of the research. The next chapter presents the results of Phase 1, and 

consists of two published manuscripts. The first manuscript describes the findings of 

the cohort survey of inserter-reported risk factors for insertion success at one 

hospital. The second manuscript reports the findings of the medical chart review of 

documented PIVC post-insertion outcomes such as complications, failure, and the 

reason for removal. 
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Chapter 5 Results and Discussion Phase 1 

 

Statement of contribution to co-authored manuscript 

This chapter includes a co-authored paper. The bibliographic details of the  

second co-authored paper in this chapter, including all authors, are: 

Carr, P.J., Rippey, J.C., Budgeon, C.A., Cooke, M.L., Higgins, N., Rickard, C.M. 

2016, Insertion of peripheral intravenous cannulae in the Emergency Department: 

factors associated with first-time insertion success, Journal of Vascular Access 17(2), 

182-190. 

My contribution to the paper involved: Conceptualising and designing the study, data 

cleaning, data analysis, clinical interpretation of the data, drafting and finalizing the 

manuscript.  

(Signed)      

  

Peter J Carr 

(Date) 18/08/2017 

(Countersigned)  

 

Corresponding author of paper: Peter J Carr 

(Date) 18/08/2017 

(Countersigned)   

 

Supervisor: Prof Marie Cooke 

(Date) 18/08/2017 

(Countersigned)   

 

Supervisor: Prof Claire Rickard 

(Date) 18/08/2017 

 

(Countersigned)  

 

Supervisor: Dr Niall Higgins 

(Date) 18/08/2017 

(Countersigned)   

 

Supervisor: Dr. James Rippey 

(Date) 18/08/2017 

(Countersigned)   

 

Author: Ms. Charley Budgeon  

(Date) 18/08/2017 
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Statement of contribution to co-authored manuscript 

This chapter includes a co-authored paper. The bibliographic details of the  

second co-authored paper in this chapter, including all authors, are: 

Carr, P. J., Rippey, J., Moore, T., Ngo, H., Cooke, M. L., Higgins, N. S., Rickard, C. 

M. (2016). Reasons for Removal of Emergency Department-Inserted Peripheral 

Intravenous Cannulae in Admitted Patients: A Retrospective Medical Chart Audit in 

Australia, Infection Control and Hospital Epidemiology, 37(7), 874–876. 

My contribution to the paper involved: Conceiving the completed research question; 

coordinating the medical chart review; inviting a medical officer to collaborate in the 

project so an interdisciplinary team was developed; ethical approval, developing a 

data extraction database to store the retrieved clinical data; initial testing of chart 

screening with a research team member to ensure agreement and reliable data would 

be recorded; communicating with medical record staff to request medical charts; data 

management for the review; entering data into statistical analysis package; informing 

the local key opinion leaders of our results so that local initiatives could champion 

change and measure improvement.  

(Signed)      

  

Peter J Carr 

(Date) 18/08/2017 

(Countersigned)  
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Introduction to Chapter 

This chapter presents the findings of Phase 1 of the PhD research. The objectives of 

this phase were two-fold: firstly, to test the processes and feasibility through a self-

report cohort study for a large observational study, and to identify and build a 

pragmatic clinical prediction model for first-time insertion success (FTIS) in the 

emergency department; and secondly, to identify complication and failure rates at 

removal for ED-inserted PIVCs through a medical chart audit. The results of these 

two aspects of Phase 1 are included in the chapter as two published peer-reviewed 

manuscripts. The first manuscript is Carr, P. J., Rippey, J. C., Budgeon, C. A., 

Cooke, M. L., Higgins, N., Rickard, C. M. (2016). Insertion of peripheral intravenous 

cannulae in the Emergency Department: factors associated with first-time insertion 

success, Journal of Vascular Access, 17(2), 182–190. Journal of Vascular Access has 

a 2016 Impact Factor of 1.20, and is ranked in the top 75%, 1512 out of the 2026 

journals in the subject category of “Clinical Medicine, General” (“2016 Journal 

Citation Reports® Science Edition,” 2016).  

 

The second manuscript is Carr, P. J., Rippey, J., Moore, T., Ngo, H., Cooke, M. L., 

Higgins, N. S., Rickard, C. M. (2016). Reasons for Removal of Emergency 

Department-Inserted Peripheral Intravenous Cannulae in Admitted Patients: A 

Retrospective Medical Chart Audit in Australia, Infection Control and Hospital 

Epidemiology, 37(7), 874–876. Infection Control and Hospital Epidemiology has an 

impact factor of 3.55 it is ranked in the top 25%, 28 out of the 176 journals in the 

category Infectious Diseases Thomas Reuters Journal Citation Reports (“2016 Journal 

Citation Reports® Science Edition,” 2016). 

 

In addition, the self-report cohort study data led to an additional publication on 

clinician judgment of insertion success after the assessment process, led by PhD 

supervisor Dr James Rippey. Whilst not submitted as part of this PhD thesis, the 

publication as published in Emergency Medicine Australia is included as Appendix 

E. EMA has a 2016 Impact Factor of 1.320, and is ranked in the top 50%, 12 out of 

the 24 journals in the subject category of “Emergency Medicine” (“2016 Journal 

Citation Reports® Science Edition,” 2016). 
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Results Phase 1, part 1 

The first manuscript reporting on results from Phase 1 regarding risk factors for first-

time insertion success for PIVCs inserted in ED is presented below. 

Publication: Insertion of peripheral intravenous cannulae in the Emergency 

Department: factors associated with first-time insertion success.  

 

Abstract 

Introduction: We sought to identify the reasons for peripheral intravenous cannulae 

insertion in the Emergency Department (ED), and the first-time insertion success 

rate, along with patient and clinician factors influencing this phenomenon. 

 

Methods: A prospective cohort study of patients requiring peripheral cannulae 

insertion in a tertiary ED. Clinical and clinician data were obtained.  

 

Results: A total of 734 peripheral intravenous cannula (PIVC) insertions were 

included in the study where 460 insertions were analysed. The first-time insertion 

success incidence was 86%. The ante cubital fossa (ACF) site accounted for over 

50% of insertions. Multivariate logistic regression modelling to predict first-time 

insertion success for patient factors found: age <40 vs 80+ years, emaciated vs 

normal patient size, having a visible or palpable vein/s, and ACF vs forearm insertion 

site to be statistically significant. Statistically-significant clinician factors predicting 

success were: higher number of prior cannulation procedures performed, and 

increased clinician perception of the likelihood of a successful insertion. When 

patient and clinician factors were combined in a logistic regression model, emaciated 

vs normal, visible vein/s, ACF vs forearm site, higher number of prior PIVC 

procedures performed and increased clinician perceived likelihood of success, were 

statistically associated with first-time insertion success.  

 

Conclusion: Peripheral intravenous cannulation insertion success could be improved 

if performed by clinicians with greater procedural experience and increased 

perception of the likelihood of success. Some patient factors predict cannulation 

success: “normal” body weight, visible vein/s, and cubital fossa placement. 
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Venepuncture may be a cheaper alternative for others if intravenous therapy is not 

imperative. 

 

Introduction 

Preserving venous anatomy from repeated skin punctures is a challenge in high-

paced clinical environments such as the Emergency Department (ED). Reports 

describe the use of peripheral intravenous cannula (PIVC) as the first choice vascular 

access device (VAD) for patient treatment in the ED (Sebbane et al., 2013; Tiwari et 

al., 2011). ED studies suggest first-time insertion success incidence in adults range 

from 18%-79% (Aulagnier et al., 2014; Ker et al., 2015; Lapostolle et al., 2007; 

Sebbane et al., 2013; Witting, 2012). Contrast this with a 98% first-time success rate 

for dedicated teams who insert PIVCs on the general wards and specialist nurses in 

the paediatric setting (Carr et al., 2010; Frey, 1998). Repeated needle insertion 

attempts subject patients to pain, stress, increased infection risk, and impact 

negatively on patient satisfaction (Bausone-Gazda, Lefaiver, & Walters, 2010; Wallis 

et al., 2014). 

 

A reduction in repeated and inappropriate PIVC insertions is advocated for (Limm et 

al., 2013; Thomas et al., 2006). As a result, cost-saving strategies that can save tens 

of millions of dollars and pound sterling for the Australian and UK healthcare 

services each year respectively are published (Tuffaha, Rickard, Webster, et al., 

2014; Tuffaha, Rickard, Inwood, et al., 2014). In one study, half of ED-inserted 

VADs were never used, and many remained unused at 72 hours (Limm et al., 2013), 

suggesting clinicians are often unclear why they are attempting PIVC insertion. 

Randomized controlled trials regarding insertion practice in ED are limited to 

ultrasound placed peripheral cannula for patients with a previous insertion failure. A 

recent Cochrane Systematic Review compared the effectiveness of the PIVC as the 

VAD of choice in emergency care (Ker et al., 2015). Furthermore, an intervention 

study tested its efficacy as first line VAD choice in the critical care setting (Ricard et 

al., 2013). However, the effectiveness of any particular VAD is likely dependent on 

clinician factors and patient factors.  
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Studies in adults have identified a range of patient and clinician factors influencing 

first-time insertion success. A recent publication on difficult vascular access in the 

ED identified twelve patient variables that predicted PIVC insertion failure: age, 

gender, race, BMI, history of chemotherapy, diabetes, dialysis, intravenous drug 

abuse (IVDA), swelling, sickle cell disease, and ED visit/recent hospitalization 

within 90 days (Fields et al., 2014a). Clinicians with greater PIVC insertion 

experience may overcome some of these risks, since procedural competency appears 

to be closely linked with the number of PIVC insertions previously performed 

(Jacobson & Winslow, 2005; Lapostolle et al., 2007; Sebbane et al., 2013). 

  

This study sought to identify the rationale for PIVC use, and factors that influence 

first-time insertion success of PIVCs inserted in an Australian tertiary hospital ED.  

 

Aim:  

Contributing to the evidence base for PIVC insertions in EDs are central aims of this 

study. Our objectives were to determine: (i) first-time insertion success incidence for 

PIVCs inserted in adults presenting to a metropolitan ED; (ii) clinician rationale for 

PIVC use; and, (iii) patient and clinician factors that contribute to first-time insertion 

success.  

 

Methods 

Study Design 

We conducted a prospective cohort study in December 2013 concluding in January 

2014. The study was registered and approved by the hospital’s human research ethics 

committee as a quality improvement activity (QI 3065), (see Appendix C). 

 

Study Setting and Population 

This study took place at a large tertiary ED in Western Australia. The ED provides a 

24/hour day Emergency Service for adult patients. Approximately 64,000 patients 

present each year and on average 4,500 patients are admitted per month. There were 

33,228 PIVCs recorded in the ED information system for 2012-2013. The study 
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population included adult patients presenting to the ED and the clinicians who 

performed PIVC insertion during the study period.   

 

Study Protocol and Measurements 

A PIVC case report form (CRF) was conceptualized and underpinned by previous 

reports of difficult peripheral insertion tools, rules, algorithms, and scores (Bensghir 

et al., 2012; Cuper et al., 2012; de la Torre-Montero et al., 2013; Jacobson & 

Winslow, 2005; Juvin et al., 2003; Lapostolle et al., 2007; Riker et al., 2011; Sebbane 

et al., 2013; Webster et al., 2007; Witting, 2012; Yen et al., 2008). Vascular access 

researchers and senior ED clinicians assessed the CRF for clinical relevance and 

practicality for use in a busy ED. This ensured that our one-page (double-sided) CRF 

was developed with face validity from the underpinning literature and refined with 

content validity from clinician opinion. ED clinical staff were made aware of the 

CRF content and how to complete it. Prior to cannulation, pre-insertion questions 

were completed with details of insertion success recorded after the procedure. 

Following this, completed CRFs were then placed into a marked folder on each PIVC 

procedure trolley. Each morning, completed forms were removed by the chief 

investigator and data entered into a secure database. After four weeks we concluded 

the data collection and removed the forms from the PIVC trolleys.  

 

Definitions 

Rationale for insertion 

To identify a rationale for PIVC insertion we asked if: (i) reason for intravenous (IV) 

access was for blood tests (no blood test, single set, serial tests); and, (ii) reason for 

IV access reason was for infusion therapy (no, possible, definite). Both options could 

be selected i.e. blood tests and IV therapy. If IV therapy was selected, we also asked 

for the type of therapy: fluids, antibiotics, analgesia, and other.  

 

Patient factors  

We included: age; gender; patient observations including pulse and BP (mmHg); 

patient skin shade (Fitzpatrick tool) (Fitzpatrick, 1988); patient size (clinician’s 

subjective assessment as emaciated, underweight, normal weight, overweight or 

obese); and, height (cm) and weight (kg) to calculate BMI. We collected: visible 
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vein/s (yes, no); palpable vein/s (yes, no); number of sites (0, 1, 2, 3, >3); side of 

cannula (left, right); site of cannula (hand, low forearm, upper forearm, ante cubital 

fossa); size of cannula (14G-16G, 18G, 20G, 22G, and 24G); ultrasound used (yes, 

no); and, vein measurement using a 10mm scale placed on the border of the data 

collection tool which represents the variable vein diameter. The CRF allowed for 

comments to be detailed regarding any other factors that would contribute to making 

the insertion difficult. 

 

Clinician factors 

We included: clinician role; estimated number of successful PIVCs performed 

successfully (0-100, 101-800, >800); and, estimated length of time inserting PIVCs 

(0-2 yrs, 3-4 yrs, 5+ yrs). A visual analogue scale of 0-100 was used prior to any 

insertion attempt to document the clinician’s perceived likelihood of first-time 

cannulation success.  

 

Insertion Success (primary outcome)  

The clinician’s first-time insertion success was recorded as yes/no along with PIVC 

site placement and PIVC size. If the clinician completing the CRF selected yes to 

first-time success, then remaining questions were obsolete. If the clinician selected 

no then we asked for the number of attempts required to achieve PIVC success (2, 3, 

4, 5, or >5, or if they were unable to place a PIVC at all). We also asked if any other 

clinician was asked to assist with the procedure, what their role was, and if 

ultrasound was used with additional comments (free text) requested about the 

cannulation procedure or use of alternative VADs.  

 

Data Analysis 

Sample size was determined pragmatically, with all patients admitted over the course 

of one month eligible for inclusion. Summary statistics including frequencies and 

percentages were calculated for each of the variables. We conducted univariate and 

multivariate binary logistic regression to determine which factors were associated 

with first-time insertion success. Models were conducted for patient factors only, 

clinician factors only, and all factors combined. Backwards selection was conducted 

using the Akaike’s Information Criteria (AIC) to provide the final multivariate 
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models. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were 

calculated for all models. All analyses were restricted to variables with more than 

90% complete observations. We assessed performance using the area under the curve 

of the receiver-operating characteristic (ROC). Data were analysed using the R 

environment for statistical computing (R Core, 2017). 

 

Results 

We collected data on 734 PIVC insertions with 460 of these cases used for analysis. 

Table 5.1 displays insertion information including a first-time insertion success rate 

of all cases of 86% (629/734). Male gender accounted for 48% of those having a 

PIVC inserted with mean age 57 (range 16-98) (Table 5.2). Poorly completed 

questions included weight, height, blood pressure, and heart rate, and therefore these 

variables were not included in any statistical analyses. 

 

Univariate patient and clinician factors   

Of the cases included for analysis (n=460, 63%) only 25 (5%) PIVCs were inserted 

by nurses, 383 (83%) were inserted by medical doctors or emergency registrars, and 

the remaining 52 (11%) inserted by consultants. The majority of PIVC insertions 

were performed on patients with caucasian skin shade (89%) and who appeared of 

normal body size (54%). The reasons for a PIVC insertion varied with 6% requiring 

no IV therapy or medicine, 42% possible IV therapy, and 38% definitive IV therapy. 

Data was missing or unknown for 14% of patients. Blood sampling was performed in 

85% of PIVC insertions, 5% did not have any blood sampled, with 10% unknown 

(missing data). Only 6 insertions were performed using ultrasound.   

 

Univariate statistics showed that the percentage of patients with successful first-time 

insertion differed for the following: patient size (40% emaciated, 85% underweight, 

91% normal, 88% overweight, and 78% obese); visible vein (91% yes, 73% no), 

palpable vein (88% yes, 60% no); number of available sites (45% with none, 82% 

with 1, 89% with 2, 91% with 3, and 93% with >3); cannula site (80% forearm, 89% 

hand, and 89% cubital fossa); diameter of vein (76% 0-2mm, 89% >2-3mm, 88% >3-

4mm, and 95% >4mm); and, number of IV cannulas ever inserted by clinician (65% 
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0-100, 87% 101-800, and 90% >800) ( Table 5.2). The likelihood of success in the 

successful insertion group was 85.23% vs 63.02% in the non-successful group. 

 

Table 5.1 FTIS and subsequent attempts 

Insertion Attempts n (%) 

1 629 (85.69) 

2 73 (9.95) 

3 22 (3.00) 

4 3 (0.41) 

Unsuccessful  3 (0.41) 

Unknown   3 (0.41) 

No Second Attempt*  1 (0.14) 

Total 734 

*Aborted  

Modeling patient and clinician factors 

Considering only the patient factors in the multivariate analysis, age <40 compared 

to 80+ years (p=0.041), emaciated vs normal patient size (p<0.001), greater number 

of available sites (>3 vs 0, p=0.004), presence of a visible vein (p<0.001), presence 

of a palpable vein (p=0.015), and insertion at the cubital fossa compared to the 

forearm (p=0.008) were significant predictors of first-time successful insertion. In 

terms of the clinician factors, >800 cannulas ever inserted, compared to both 100-800 

and <100 (p=0.005 and p=0.004 respectively), and clinician’s increased prediction of 

first-time insertion success (p<0.001) were significant predictors of first-time 

successful insertion. In reference to the variable likelihood of success, results showed 

that an increase in the likelihood of clinician’s prediction of success resulted in an 

increase in successful insertion (OR+1.07, 95% CI 1.05-1.08) (Table 5.3).  

 

Comparison between the models revealed no significant difference between the 

patient only and clinician only models but the all measures model was statistically 

better than both these models: Patient only vs Clinician only: p=0.59; Patient only vs 

All: p=0.02; Clinician only vs All: p=0.04. Based on the above predictors, ROC 

curves for three models were plotted (Figure 5.1). The areas under the curve for the 

model containing patient only factors, clinician only factors, and all factors, were 
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0.80, 0.82, and 0.87 respectively. The areas under the curve suggest good 

discrimination for all models.  

 

Discussion 

ED is a fast-paced environment and many clinical decisions occur under duress. 

Emergent life threatening events may take precedence over complex algorithmic or 

prediction rules for PIVC insertion. Our results suggest there is opportunity to 

stratify this risk since insertion success is greater in those patients with a number of 

visible and palpable veins. Previous studies related to insertion difficulty in adult and 

paediatric populations have employed regression techniques to identify predictors of 

successful insertion and included both clinician and patient factors The variety of 

predictors for successful insertion include: skin shade, BMI, skilled staff, favourable 

vein assessments, patients on chemotherapy, burns patients, and nurses in training 

(Bensghir et al., 2012; Cuper et al., 2012; de Negri et al., 2012; Jacobson, 1999; 

Lapostolle et al., 2007; Riker et al., 2011; Sebbane et al., 2013; Yen et al., 2008).  

 
Table 5.2 All measures for PIVC FTIS (for analysed cases, n(%)) 

Variable Successful (n=402) Unsuccessful (n=58) Total (n=460) 

PATIENT MEASURES 
 

 
 

Age group 
 

 
 

<40 113 (92.62) 9 (7.38) 122 (26.52) 

40-<60 104 (85.25) 18 (14.75) 122 (26.52) 

60-<80 103 (86.55) 16 (13.45) 119 (25.87) 

80+ 82 (84.54) 15 (15.46) 97 (21.09) 

Sex 
 

  
 

Male 195 (87.84) 27 (12.16) 222 (48.26) 

Female 207 (86.97) 31 (13.03) 238 (51.74) 

Patient Size 
 

  
 

    Emaciated 4 (40) 6 (60) 10 (2.17) 

    Underweight 62 (84.93) 11 (15.07) 73 (15.87) 

    Normal 228 (91.2) 22 (8.8) 250 (54.35) 

    Overweight 80 (87.91) 11 (12.09) 91 (19.78) 

    Obese 28 (77.78) 8 (22.22) 36 (7.83) 

Patient Skin Shade 
 

  
 

Caucasian 357 (87.07) 53 (12.93) 410 (89.13) 

Non-Caucasian 45 (90) 5 (10) 50 (10.87) 

Visible Vein 
 

  
 

Yes 343 (90.5) 36 (9.5) 379 (82.39) 

No 59 (72.84) 22 (27.16) 81 (17.61) 

Palpable Vein 
 

  
 

Yes 393 (88.31) 52 (11.69) 445 (96.74) 

No 9 (60) 6 (40) 15 (3.26) 

Number of available Sites 
 

  
 

0 5 (45.45) 6 (54.55) 11 (2.39) 

1 94 (81.74) 21 (18.26) 115 (25) 

2 159 (89.33) 19 (10.67) 178 (38.7) 

3 63 (91.3) 6 (8.7) 69 (15) 

>3 81 (93.1) 6 (6.9) 87 (18.91) 
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Side 
 

  
 

Left 131 (87.33) 19 (12.67) 150 (32.61) 

    

Right 271 (87.42) 39 (12.58) 310 (67.39) 

Site 
 

  
 

Hand 102 (89.47) 12 (10.53) 114 (24.78) 

Forearm 75 (79.79) 19 (20.21) 94 (20.43) 

Cubital fossa 225 (89.29) 27 (10.71) 252 (54.78) 

Size* 
 

  
 

Large 213 (89.12) 26 (10.88) 239 (51.96) 

Small 189 (85.52) 32 (14.48) 221 (48.04) 

Diameter 
 

  
 

0-2mm 77 (76.24) 24 (23.76) 101 (21.96) 

>2-3mm 148 (89.16) 18 (10.84) 166 (36.09) 

>3-4mm 80 (87.91) 11 (12.09) 91 (19.78) 

>4mm 97 (95.1) 5 (4.9) 102 (22.17) 

CLINICIAN MEASURES 
 

  
 Role Level 

 
  

 Nurses 21 (84) 4 (16) 25 (5.43) 

Doctors 335 (87.47) 48 (12.53) 383 (83.26) 

Consultants 46 (88.46) 6 (11.54) 52 (11.3) 

IV cannulas ever** 
 

  
 

0-100 17 (65.38) 9 (34.62) 26 (5.65) 

101-800 178 (86.83) 27 (13.17) 205 (44.57) 

>800 207 (90.39) 22 (9.61) 229 (49.78) 

Placing IVs 
 

  
 

0-2 yrs 117 (85.4) 20 (14.6) 137 (29.78) 

3-4 yrs 134 (85.9) 22 (14.1) 156 (33.91) 

5+ yrs 151 (90.42) 16 (9.58) 167 (36.3) 

*Categories collapsed to large (14-18G) and small (20-24G) due to small numbers in some sizes. **Categories were combined 

for data analysis purposes 

 

Table 5.3 Multivariate logistic regression models of all measure, patient only measures and clinician only 

measures for predicting FTIS 

Variable 

All measures Patient Measures Clinician Measures 

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 

PATIENT MEASURES 
    

    

Age Group 

    

    

<40 vs 80+ 

NS 

3.04 (1.05-8.83) 0.041 

NA 

40-<60 vs 80+ 1.01 (0.43-2.38) 0.982 

60-<80 vs 80+ 1.11 (0.46-2.68) 0.820 

Gender 

    
Male vs Female NS NS 

Patient Weight Status  
    

    Emaciated vs Normal 0.07 (0.02-0.34) 0.001 0.05 (0.01-0.23) <0.001 

    Underweight vs Normal 0.4 (0.16-1.02) 0.054 0.42 (0.17-1.03) 0.396 

    Overweight vs Normal 1.07 (0.43-2.64) 0.892 0.86 (0.37-1.97) 0.716 

    Obese vs Normal 0.71 (0.23-2.20) 0.548 0.64 (0.23-1.80) 0.058 

Patient Skin Shade 

    

    Non-Caucasian vs Caucasian NS 
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Visible vein 
    

    Yes vs No 2.7 (1.19-6.13) 0.018 4.62 (2.17-9.86) <0.001 

Palpable Vein 

    

    Yes vs No NS 5.05 (1.37-18.64) 0.015 

Number of sites available 

    
    1 vs 0 

NS 

5.81 (1.33-25.48) 0.020 

    2 vs 0 7.53 (1.71-33.22) 0.008 

    3 vs 0 6.55 (1.22-34.99) 0.028 

    >3 vs 0 12.43 (2.25-68.49) 0.004 

Side of cannula 
    

    Right vs Left NS NS 

Site of cannula 

    

    Cubital Fossa vs Forearm 2.82 (1.28-6.24) 0.010 2.79 (1.30-5.97) 0.008 

    Hand vs Forearm 1.94 (0.75-5.05) 0.175 1.89 (0.77-4.66) 0.167 

Size of cannula* 

    

    Large vs Small NS NS 

Diameter 

    
    >2-3mm vs 0-2mm 

NS NS     >3-4mm vs 0-2mm 

    >4mm vs 0-2mm 

  

    

    

CLINICIAN MEASURES 

    

    

Role  
  

NA 

    

    Doctors vs Nurses  

NS NS 

    Consultants vs Nurses  

IV cannulas ever** 

  

    

    101-800 vs 0-100 5.5 (1.86-16.30) 0.002 4.259 (1.56-11.67) 0.005 

    >800 vs 0-100 7.64 (2.48-23.51) <0.001 4.404 (1.61-12.06) 0.004 

Placing IVs 

  

    

    3-4yrs vs 0-2yrs 
NS NS 

    5+yrs vs 0-2yrs 

Likelihood 

  

    

    Continuous 1.06 (1.04-1.07) <0.001 1.07 (1.05-1.08) <0.001 

NS – Not significant, NA – Not included  

*Categories collapsed to large (14-18G) and small (20-24G) due to small numbers in 

some sizes.  

**Categories were combined for data analysis purposes 
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Our study reveals a first-time insertion success rate of 86%, higher than that of 

previous similar studies in the emergency setting by Sebbane (79%) and Lapostolle 

(74%) (Lapostolle et al., 2007; Sebbane et al., 2013). Our self-report design is 

perhaps one reason for an increased success rate, as both the aforementioned authors 

used an observational design. Lapostolle and colleagues reported that PIVCs placed 

by nurses specialised in emergency care had a greater first-time insertion success 

compared to anaesthesiologist/emergency physician, student of nursing/medicine OR 

3.96, CI 1.78-8.81, p=0.0008 (Lapostolle et al., 2007). We found no statistically 

significant difference between nurse versus medical doctor; however, medical 

doctors inserted the overwhelming volume of PIVCs. 

 

 

Figure 5.1 ROC curve with patient, clinician and all measures 
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Patient factors  

Our results can assist in identifying “at risk” difficult to cannulate patients. We found 

having a palpable (univariate analysis) and, more importantly, a visible vein 

(multivariate analysis) predicted insertion success. Sebbane and colleagues (Sebbane 

et al., 2013) similarly found that patients with many visible and palpable veins had 

greater first-time insertion success (85%) in comparison to those with non-visible and 

non-palpable veins (64%). Notwithstanding this, our results suggest that both patient 

factors, as outlined by Sebbane, and factors related to the clinician attempting the 

insertion, as Lapostelle reveals, are significantly associated with first-time PIVC 

insertion success (Lapostolle et al., 2007). Previous studies have classified the quality 

of veins prior to insertion by level of difficulty (de la Torre-Montero et al., 2013) or 

categorised veins as good, fair, or poor (Webster et al., 2007). Our results support 

that visible and/or palpable veins significantly predict insertion success. These results 

confirm previous reports that a strong predictor of insertion success is a visible and 

palpable vein (Sabri et al., 2013; Schnadower, Lin, Perera, Smerling, & Dayan, 

2007).  

 

Other prospective observational studies have studied factors that influence successful 

PIVC insertion in the adult Emergency Department setting. Fields et al. (2014a) 

report in a cohort study on difficult venous access, finding the following independent 

risk factors: diabetes, sickle cell disease, and intravenous drug abuse (Fields et al., 

2014a). There are equivocal findings with regards to Body Mass Index (BMI) 

influencing insertion failure (Juvin et al., 2003; Lapostolle et al., 2007). We did 

attempt to capture BMI; however, missing data make us question the feasibility in 

acquiring data for this variable in the ED. Even if we could prospectively record this 

information it is unrealistic to ask a sick or very sick person to stand for height, and 

sit for weight measurements. Our ED does not normally capture accurate BMI unless 

absolutely necessary for clinical treatment. Similarly, a paediatric PIVC insertion 

study by Zhang also report BMI data capture an issue (Zhang, Lee, & Knott, 2014). 

To identify if body size is a predictor for insertion failure, we relied on the clinician’s 

subjective estimate. We found this alternative variable to be clinically and 

pragmatically useful and termed it “patient size”. This variable allowed clinicians to 

classify patients into emaciated, underweight, normal weight, overweight, and obese. 

Although it was assumed ED clinicians can reliably determine overweight, normal 
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weight, and underweight patients, further research is needed to establish the validity 

of clinician’s judgements in comparison to BMI. Previous reports suggested dark 

skin shade a predictor of insertion failure (Jacobson & Winslow, 2005). We used the 

Fitzpatrick skin shade tool (Fitzpatrick, 1988) as has been used in previous PIVC 

studies (de Graaff et al., 2013). We did not find any association between skin shade 

and insertion failure. We found that gender was not a risk factor for insertion failure, 

but found insertion failure significantly increased for patients over 80 years of age, 

compared to those less than 40 years.  

 

The ante cubital fossa (ACF) was the most common site cannulated in our study and 

had the best insertion success. This is likely explained since the median cubital vein 

is more prominent than the forearm/hand, and is generally easier to locate. In 

addition, if ED staff repeatedly preference this location, their skills in achieving 

insertion at this site will become higher. A systematic review and meta-analysis of 

the practice of blood sampling in ED found that if blood tests were required that the 

PIVCs inserted in the ACF site reduces haemolysis rates and therefore improves 

diagnostic accuracy of the blood sample (Heyer et al., 2012). Other indications for 

ACF placement include the administration of a large bolus of fluids or lifesaving 

drugs into a large vein. However, not all ACF placements are beneficial to patients. 

Should the patient be admitted to the ward, then the ACF is a significant independent 

risk factor for occlusion and accidental removal (premature dislodgement) (Wallis et 

al., 2014). This suggests that ED clinicians need to be able to predict with good to 

excellent reliability as to how likely the patient is to be admitted, and choose the 

PIVC site accordingly. Venepuncture is less costly than PIVC insertion, and may 

result in less haemolysis than in blood drawn through PIVCs, and furthermore 

removes the risk of unnecessary PIVC therapy (e.g. discourage IV fluids that could 

otherwise commence via the enteral route).  

 

Clinician factors  

Role of Clinician who inserts PIVC 

In a previous Australian publication regarding PIVCs inserted in the ED, nursing 

staff inserted 80% of the PIVCs (Limm et al., 2013). In contrast, 95% of our 

cannulae were inserted by medical officers and only 5% by ED nurses. It is also 
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reported that specialist nurses and dedicated teams have reported levels of 98-99% 

first-time insertion success rates (Carr et al., 2010; Cuper et al., 2012). The salary of 

an ED nurse in Australia is on average well less than an ED medical doctor and 

therefore seems reasonable to suggest using a nursing or allied health insertion team 

would be an alternative process that could save money whilst improving first-time 

insertions success.  

 

Only 6 PIVC insertion failures were referred for ultrasound-guided insertion, 

suggesting the default after a primary insertion failure was a repeat traditional 

insertion by the clinician. This is similar to previous studies concerning risk factors 

for insertion success and may be owing to the extra training and competency required 

to effectively perform USGPIVC insertion successfully (Fields  et al., 2014a). ED 

processes may improve if medical personnel can focus on clinical assessment and 

decision making and patient flow issues whilst vascular access provision could be 

performed by a dedicated team of ED-based vascular access clinicians. These 

processes may help develop procedural consistency of standardized insertion practice 

and could lead to higher success rates (Alexandrou et al., 2012; Flodgren et al., 

2013). This could impact on hospital efficiencies by reducing waste (products used 

and the cost of repeat attempts) and improved patient experience.  

 

Rationale for Insertion 

Criteria to define whether a PIVC is clinically appropriate is an issue of debate 

(Goddard et al., 2006; Thomas et al., 2006) and ED researchers have not ignored this 

issue (Limm et al., 2013). In attempting to identify which ED patient should get a 

PIVC, Kelly and Warburton (2014) suggest a clinically useful reference point for 

PIVC insertion is when likely use is estimated at over 80% ( Kelly & Egerton-

Warburton, 2014). We support this and contend this is a clinician factor that is worth 

further evaluating prospectively. Indications for PIVC use include: the delivery of 

fluid and medicines or intravenous contrast (Limm et al., 2013); the delivery of blood 

products and IV medicines for cardiac arrhythmia; and, expectant access (will need 

PIVC for any of the aforementioned) (Tiwari et al., 2011). Other indications include 

the patient requiring investigations (diagnostic scans with intravenous contrast) or 

intravenous therapy.  
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When the PIVC is inserted, diagnostic blood sampling and blood assay can be 

performed and this reduces the number of repeat venepunctures (Hoctor, 2009; Kelly 

& Klim, 2013). The insertion of a PIVC for the purpose of blood sampling is an 

attractive process for time-poor ED clinicians as they attempt to meet national 

treatment targets to discharge patients from ED within four hours (Mountain, 2010). 

Many favour the prevention of an additional follow-on skin puncture (Zengin & Enç, 

2008). Advocates believe it speeds up patient flow (Hoctor, 2009) and prevents  

repeated damage to the venous anatomy. Our results show that PIVCs are inserted for 

blood sampling far more than they are for definite IV therapy, and support a recent 

retrospective review of PIVC placed in ED which reported that 50% of PIVC are 

unused (Limm et al., 2013).  

 

Likelihood estimate 

We collected data on the clinician’s pre-procedural perception of the likelihood of 

first-insertion success. Whilst we did find it was a statistically significant predictor of 

insertion success, further research and analysis is needed to examine if this can be 

quantified further; that is, at what percentage point is a clinician more likely to 

achieve success. It is likely that our finding was influenced by clinician pre-

assessment of patient variables such as patient size, visible and/or palpable veins and, 

location and size of vein.  

 

Limitations 

The major limitation of this study is that it used self-report data by clinicians, 

although we attempted to countenance this with motivational and educational 

sessions emphasising the importance of honest documentation of the number of 

insertion attempts. We did not have 100% response rate and this may have been a 

result of the unwillingness of some clinicians to reveal unsuccessful insertion 

attempts. It may also have been that the collection form was not used on sicker 

patients or at busier times. Another limitation is we did not formally establish inter-

rater reliability of the tool as has been performed in other similar studies with 

particular reference to vein assessment (Sebbane et al., 2013). It is reasonable to 

assume given the self report method that some clinicians may be likely to report a 

patient being difficult if their attempt was unsuccessful. Researchers attempting to 
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collect self-report data should routinely screen the data collected to ensure complete 

data capture is occurring.  

 

Conclusions 

Achieving greater first-time PIVC insertion success in ED would save money and 

impact positively on the patient experience. Our results suggest patients with few 

visible veins, and who are emaciated, are most at risk of an unsuccessful insertion. 

Peripheral intravenous cannulation success would be improved if clinicians with 

greater procedural experience and an increased perception of the likelihood of 

success performed the insertion. The patient only and clinician only model did not 

significantly differ in their ability to predict first-time insertion success. However, the 

model including both patient and clinician measures was significantly better at 

prediction than the patient only model and clinician only model. Further savings 

could be accrued if venepuncture is instituted instead of many PIVC insertions, when 

only blood sampling is clinically required. In this case, a decision for PIVC insertion 

after blood laboratory results return could still occur. This would support infection 

prevention strategies in reducing the number of insertion attempts and idle or unused 

PIVCs (Goddard et al., 2006; Limm et al., 2013; Thomas et al., 2006). We consider 

our results to be feasible but preliminary, which we will use to inform a larger study 

planned observational study. This will include more formal validity and reliability 

measurements.  
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Results Phase 1 Part 2 

The second manuscript reporting on results from Phase 1 regarding why PIVCs 

inserted in ED were removed using an audit of documentation within the medical 

chart is presented. Following the manuscript, a conclusion to Phase 1 is provided. 

Publication: Reasons for Removal of Emergency Department-Inserted 

Peripheral Intravenous Cannulae in Admitted Patients: A Retrospective 

Medical Chart Audit in Australia 

 

Abstract 

Objective Design: The peripheral cannula is the most-used vascular access device in 

the Emergency Department (ED). It allows clinicians to perform blood sampling and 

commence intravenous therapy, and, where necessary, resuscitate the emergent 

presenter. It is a medical device that may become infected, with increased risk if left 

in place longer than required. However, the rationale for removal of peripheral 

cannulae inserted in the ED once patients are admitted is generally unknown. In a 

cohort of patients admitted via the ED, we assessed the following: the use of the 

device; dwell time; documented complication(s); incidence of unused peripheral 

cannulae; and, rationale for their removal. We also sought to identify if patients 

admitted from the ED were subjected to subsequent device insertions, once the ED 

cannula was removed. 

 

Setting: In this retrospective chart audit, we linked the data from peripheral 

intravenous cannula insertions in the ED with a database of admitted patients. 

Patients and Participants: Patients who received a peripheral cannula in ED and were 

admitted to a hospital ward.  

 

Results: 131 patient charts were reviewed; 51% of charts had no recorded rationale 

for peripheral cannula removal. Of those with an unknown rationale for removal, 

37% had documented evidence of subsequent peripheral cannulae. The just in 

case/unused cannula prevalence was 16%. The study was stopped early due to the 

frequent lack of documentation on rationales for peripheral cannulae removal. 
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Conclusions: Retrospective chart audits will continue to be a futile method to 

investigate peripheral intravenous cannula failure until the quality of documentation 

for insertion and removal are improved. A specific vascular access device registry or 

clinical form that includes rationales for insertion and removal should be 

implemented to allow national quality and safety standards that accurately measure 

peripheral cannulae complications.  

 

Introduction 

It has been reported that the peripheral intravenous cannula (PIVC) is the first choice 

of vascular access device for patient treatment in the ED (Sebbane et al., 2013). The 

number of PIVC insertions in our Australian ED is over 35,000 per year. Concern 

arises when ED-inserted PIVCs are used exclusively for blood sampling as this may 

lead to unused PIVCs being left in-situ once patients are transferred to the ward, 

increasing risk of infection. The rate of unused or idle PIVCs inserted in the ED has 

been reported at 45-50% (Limm et al., 2013; Thomas et al., 2006). PIVC insertions in 

the ED have been identified as a cause for phlebitis and bacteraemia leading to their 

premature failure (Zingg & Pittet, 2009). Analysis of five years of prospective data 

from two hospitals in Australia found a high incidence of catheter-related 

staphylococcus aureus bacteraemia bloodstream infections, with 39.6% of such 

infections associated with PIVCs inserted in the ED (Stuart et al., 2013). As a result, 

routine PIVC replacement after 24 hours should be considered for PIVCs inserted 

under emergent conditions (Trinh et al., 2011) and 96 hours for those inserted in non-

emergent scenarios (Stuart et al., 2013). These worrying statistics prompted the 

design of the current study that was carried out to investigate how and why PIVCs 

are used in the ED, and during the subsequent hospital admission, as well as the 

documented rationale for removal of ED-inserted PIVCs by ward staff. To our 

knowledge, there is no prior study investigating this phenomenon. 

 

Methods 

We planned a retrospective audit of 370 medical charts of patients who had been 

admitted from the ED with a PIVC during a previous quality improvement (QI) 

initiative carried out between Dec 2013 and Jan 2014 (Carr et al., 2016a). Our large 

tertiary ED in Western Australia provides a 24/hour day Emergency Service for adult 
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patients. At the time of our study, our census suggested approximately 64,000 

patients presented to the ED with an approximate 50% admission rate, 35% to in-

patient stay, the remaining 15% to short stay assessment unit.  

 

Items included in the audit were: age; gender; patient size; type of intravenous 

therapy given (fluids, antibiotics, and or analgesia) or bloods taken through the 

cannula; Peripheral Vein Assessment Score (PVAS, the current peripheral cannula 

daily assessment tool at our hospital) for each day; dwell time of the PIVC; the 

rationale for removal (infiltration, phlebitis, occlusion, accidental removal, no longer 

needed, routine replacement, not documented); evidence of the type and number of 

other vascular access devices inserted; length of hospital stay; and, whether the PIVC 

was used for intravenous/medication therapy in ED or in the hospital (unused/idle 

PIVC). 

 

This study was approved as a quality improvement initiative and deemed to be of low 

risk by the Human Research Ethics department at Sir Charles Gairdner Hospital 

(number 158). See Appendix C.  

 

Data analysis 

Data were analysed using descriptive statistics. Outcomes of key interest to this study 

were: dwell time, documented complications, unused cannulae, and rationale for 

removal. Data analyses were conducted in SAS version 9.3. 

 

Results 

We analysed 131 patients’ charts. The mean patient age was 61.1 years (SD 22.9), 

with 53% males. Over half of the medical charts reviewed were of patients with 

normal weight status (55%) and the mean length of stay was 5.6 days (SD 7.8) (see 

Table 5.4) Documentation of the PVAS was missing for 19% on Day 1; 23% Day 2; 

26% Day 3; 27% Day 4; and, 48% overall (i.e at least any of the 4 days). The unused 

or idle PIVC prevalence was 16%. In total, 51% of PIVCs had an undocumented 

rationale for the ED-inserted cannula’s removal, yet 37% of patients were subjected 

to a subsequent PIVC insertion. No infections were identified. We suspended our  
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Table 5.4 Patient and clinical characteristics n=131 (100%) 

Gender   

Male  69 (53%) 

Female  62 (47%) 

(missing n=2) 

Age      

 

Mean 61.1 (SD 22.9) 

Length of Stay in days  

Patient Size  

Mean 5.6 (SD 7.8) 

Emaciated 3 (2%) 

Underweight 22 (17%) 

Normal weight 68 (52%) 

Overweight 21 (16%) 

Obese 9 (7%) 

(missing n=8)  

Hospitalization Category  

Medical* 60 (46%) 

Surgical 17 (13%) 

Orthopaedics 12 (9%) 

ED Presentation 25 (19%) 

Neurology 10 (8%) 

Urology 7 (5%) 

Comorbidities **  

Obesity 8 (6%) 

Respiratory 10 (7%) 

Hypertension 56 (43%) 

Diabetes 22 (16%) 

Atrial Fibrillation 19 (14%) 

(missing n=4)  

Dwell Time   

<1 day 53 (40%) 

1-2 days 19 (15%) 

2-3 days 23 (18%) 

3-4 days 8 (6%) 

>4 days 5 (4%) 

Unknown 21 (16%) 

(missing n=2)  

Removal Rationale   

Accidental 7 (5%) 

No longer needed 49 (37%) 

Replacement 72hrs 1 (1%) 

Infiltration 4 (3%) 

Not documented 65 (50%) 

Other 2 (2%) 

(missing n=3)  

Subsequent Device   

Yes 47 (36%) 

No 

(missing n=3) 

81 (62%) 

* Includes admitted medical assessment patients and Haematology/Oncology patients. 
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chart audit early, due to the futility in obtaining data, in favour of a future prospective 

observational study. 

 

Discussion 

Our results clearly identified that the rationale for removal of the most common 

medical invasive device used in hospitals was poorly documented in the patient’s 

medical record – in our case over half were not documented. This implies that the 

level of PIVC failure may be underreported and thus underestimated. In over one-

third, subsequent cannulae were inserted, suggesting that the initial cannulae failed, 

or were removed due to concern over ED-inserted PIVCs’ potential infection risk. 

Both are concerning regarding patient outcomes as well as the potential legal liability 

of non-documentation of removal for an invasive medical device. 

 

Although the recorded number of idle PIVCs from the ED was lower (16%) than 

recent figures (50%) (Limm et al., 2013) it still amounts to unnecessary use of a 

medical device. Whilst this may hint that some ED clinicians have no definitive 

rationale for inserting a PIVC, it is of concern that patients are exposed to avoidable 

potential risks of hospital-acquired PIVC infection, in addition to the trauma and 

discomfort of an insertion. It is possible that a portion of the idle PIVCs may have 

been appropriate due to potential patient clinical deterioration. We found it difficult 

to confirm this using the chart review method. The importance of good quality 

documentation for chart audits for providing confidence in results has been argued 

when the medical record review methodology is used (Allison et al., 2000).  

 

Our hospital uses a locally developed PVAS that isolates failure to an 

infection/phlebitis problem alone. This may lead to reporting failure of the PIVC 

exclusively to phlebitis and perhaps dissuade documentation of any other rationale 

for device removal such as infiltration, occlusion, and securement device failure, or 

accidental dislodgement. We identified no PIVCs removed due to a PVAS score of 2 

or greater (which recommends removal), which makes us consider some other 

rationale for failure has occurred e.g. dislodgement. Additionally, ward nurses, the 

primary carers for PIVCs, were inconsistent in documenting a daily PVAS score in 

48% of patients. It is unknown if clinically acceptable and functioning PIVCs are 

removed at our hospital in favour of routine replacement. This is of further concern 
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given our policy states 72-96 hours, whilst research indicates the subsequent PIVC is 

more likely to contribute to experience complications and device failure (Wallis et 

al., 2014).  

 

Limitations 

The major limitation of this study is the lack of an accurate rationale documented for 

the removal of PIVCs inserted in the ED. Our results suggest suboptimal adherence 

with Australian recommendations to document the use and management of invasive 

devices so they can be monitored as a reportable national health standard (Infections, 

2012). This finding represents an opportunity for process improvement at a local and 

national level. 

 

Conclusions 

This retrospective chart audit has led us to conduct a prospective observational 

clinical study to identify the insertion success and dwell of ED placed PIVCs with 

ward follow up observations. This is registered with ANZCTR Clinical Trial 

Registry https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=368375  
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Chapter Conclusion  

This chapter has presented the results of Phase 1. Two published manuscripts were 

included. The first identified insertion-related patient and clinician predictors of 

FTIS; and, the second identified an absence for the documented reason for PIVC 

removal in the medical record. The first published manuscript produced the highest 

reported FTIS to date (outside of those reported in specialist and team approaches to 

PIVC insertion) with 86% of patients receiving their PIVC on the primary attempt. If 

the >2 failed attempts is the definition of difficult intravenous access, then only 4% 

could be classified as this using the inserter-reported method. In terms of clinical 

indication for PIVC insertion, 85% of the cohort had a blood sample performed with 

only 38% requiring definitive intravenous therapy at the time of insertion, and 42% 

possibly requiring some form of intravenous fluids/medicines or infusate. Identifying 

the latter with better certainty, or probability, will further support the vessel health 

and preservation concept and may mean more venepuncture as opposed to PIVC 

insertions. In terms of predictive modelling, this publication was one of the first to 

identify both clinician and patient data in a logistic regression model and in particular 

identifying that clinician pre-procedural experience was independently associated 

with FTIS. Patient factors of note included age over 40 (and trending with greater 

age) increased the risk of insertion failure, as well as extremes of BMI. Vein 

characteristics and location of PIVC insertion which were independently associated 

with FTIS included having increased number of visible and palpable veins, and using 

the ACF veins. The latter is likely to be contentious given the ACF site is believed to 

be a predictor of post-insertion failure (Wallis et al, 2014). The findings were limited 

by the self-report nature of the study, whereby inserters may have under-reported 

their failures; however, they did provide valuable foundations for Phase 2 of this 

study, that is, the larger multi-centre observational study 

 

Phase 1, part 2 revealed a problem with medical documentation of an invasive 

device. Despite the ability to document this procedure either in the electronic record 

or in the medical hand written chart, the absence of such important data is likely to 

prevent the identification of any problems with PIVC insertion and maintenance. The 
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absence of clear standardized medical terms describing the rationale for removal is a 

problem. For example, is the PIVC required for any of the following reasons: 

prescribed IV therapy; clinical deterioration; or a planned procedure where a PIVC is 

mandated. In the absence of any of the aforementioned, the PIVC could be removed, 

as it is no longer required. Short, pragmatic clinical cues such as this may encourage 

prompt removal of idle or unnecessary PIVCs. However, not all PIVCs are removed 

because they are no longer required and reasons for failure that should be 

documented in the medical chart include: infiltration/tissuing, occlusion (blocked 

PIVC), dislodgement (dressing or patient removal), infection or generic assessment 

scores. Medical and, in particular, nursing staff diligence would be required to 

support the collection of this important patient data. Attempting to modify clinical 

failure in the absence of data (acknowledging the reasons for failure are unknown in 

50% of patients) makes the challenge more difficult. This is one of the first studies to 

identify that the rationale for removal of the ED-inserted PIVC is frequently 

unknown. Continuing to rely on clinical trials with additional research staff to 

identify the rationale for PIVC removal is a cost that would be avoided if the medical 

chart provided the answers. The medical chart – be it paper or electronic – should 

have a clinically responsive and useable record to document the reason for PIVC 

removal. Following this, a decision was made to follow-up patients admitted with 

PIVCs inserted in the ED in Phase 2, to answer the research questions reliably. 

 

The next chapter presents the results of Phase 2 and also contains two manuscripts. 

The first presents the clinical decision rule for PIVC FTIS, and the second identifies 

the risk factors for PIVC PIF. An intention of the FTIS clinical decision rule for 

PIVC insertion was to enhance the Phase 1 model by either refuting the model 

content or endorsing it. Additionally, identifying post-insertion complication rates for 

ED-inserted PIVCs would give a greater understanding to failure rates and likely 

propose alternative interventional strategies at the primary source of PIVC insertion, 

the ED.   
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Chapter 6 Results and Discussion Phase 2  

 

Introduction 

In this chapter, the findings and discussion of Phase 2 of this PhD research are 

presented. The chapter includes two manuscripts, currently in preparation for 

submission. The findings presented in the two manuscripts address the following 

overall research questions:  

1. What are the risk factors for PIVC insertion failure? 

2. What are the insertion-related risk factors for post-insertion PIVC failure? 

3. Can these risk factors produce a VADER CDR to guide PIVC insertion in the 

ED? 

 

The first manuscript reports a clinical predictive model represents the results of 

Phase 2: Carr, P. J., Rippey, J., Cooke, M. L., Higgins, N. S., Trevenen, M., Foale. 

A., Rickard, C. M. Development of a clinical decision rule to achieve peripheral 

intravenous cannulation first-time insertion success.  

 

The second manuscript reports on the findings in relation to PIVC functional dwell-

time. Carr, P. J., Rippey, J., Cooke, M. L., Higgins, N. S., Trevenen, M., Foale. A., 

Rickard, C. M. Survival analysis of ED inserted peripheral intravenous catheter in 

admitted patients. A multi-centre study. In preparation for submission.  
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Development of a clinical decision rule for appropriate peripheral intravenous 

cannulation first-time insertion success  

 

Abstract 

Introduction: The peripheral intravenous catheter/cannula (PIVC) is omnipresent in 

the Emergency Department (ED). Traditional and ultrasound guided PIVC first-time 

insertion success (FTIS) ranges from 42-86%. The purpose of this study is to report 

the rate and factors independently associated with FTIS in an attempt to create a 

clinical decision rule for improved FTIS.  

 

Methods: By observing PIVC insertions in two EDs, our prospective cohort study 

sought to identify which patient, clinician, and product variables are independent 

predictors of FTIS. Using a validated data collection tool we identified predictors of 

FTIS using univariate and multivariate logistic regression modeling. We created 4 

models: patient only; clinician only; products only; and all variables model. We 

assessed each model’s performance using area under the receiver-operator 

characteristic (ROC) curve. Additionally, model sensitivity, specificity, negative and 

positive predictive values were calculated.  

 

Results: A total of 1,337 PIVC insertions were inserted in 967 patients who 

presented to two EDs. The mean age was 60.58 years with slightly more females (52 

%). The FTIS rate was 71%, with 148 (14%) requiring a second attempt, and 122 

(12%) requiring three or more attempts. A small percentage (3%) had no accurate 

number of subsequent attempts. FTIS is related to the following multivariate patient 

factors: age (for every additional year) (Odds Ratio [OR] 0.99, 95% confidence 

interval (CI) 0.983-0.998 p=(0.0097); and target vein palpability: (OR 3.53 95% CI 

1.64-7.60, p=0.0014). Multivariate clinician factors include: clinician with greater 

confidence (p<0.0001) and insertion experience 301-1000 versus <301 OR 1.54 95% 

CI (1.02-2.34) >1000 vs. <301 (OR 2.07 95% CI 1.41-3.04) (p=0.0011). The all 

model has a sensitivity of 74.26%, specificity of 57.69%, positive predictive value of 

82.87%, and negative predictive value of 44.85%. 

 

Conclusion: FTIS rates remain poor. A clinical decision rule that matches patients 
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who have no palpable veins and are older with clinicians with greater confidence and 

experience will likely yield greater FTIS rates.  

 

Introduction 

The peripheral intravenous catheter/cannula (PIVC) is the most common invasive 

vascular access device used in the Emergency Department (ED). It will prevail 

clinically as the first choice vascular access device in the ED for three reasons: 

firstly, it is the most minimally invasive of all vascular access devices; secondly, it 

facilitates access to the circulatory system so intravenous fluid and medicines can be 

infused; thirdly, it offers the potential to perform blood sampling for diagnostic 

purposes and for use in diagnostic imaging. These advantages can expedite patient 

care, and the patient journey to the hospital ward or a discharge home.  

 

Despite the clinical utility and almost ubiquity of PIVC insertion in EDs worldwide, 

obtaining PIVC first-time insertion success (FTIS) is a clinical problem, which is 

frequently highlighted in the clinical literature. When traditional attempts (i.e 

landmark/palpation guided insertion) are employed in the emergency setting, FTIS 

rates range from 74%-86% (Carr et al., 2016a; Lapostolle et al., 2007; Sebbane et al., 

2013). Contrast this to FTIS rates of 42%-87% when ultrasound-guided peripheral 

intravenous catheter (USGPIVC) methods are used in the ED (Au et al., 2012; Bahl, 

Pandurangadu, Tucker, & Bagan, 2016; Bauman et al., 2009; Brannam et al., 2004; 

Chinnock et al., 2007; Costantino et al., 2005). Despite either approach and with 

reference to such compelling data, FTIS rates remain poor by any standards. 

Additionally, a recent systematic scoping review on improving FTIS decision 

approaches identified the lack of a robust clinical decision tool to guide clinicians 

inserting PIVCs in adults (Carr, P.J., Higgins, N.S., Cooke M.L., Rippey, J.CR. 

Rickard, 2017b). 

 

FTIS is a clinical problem that is largely influenced by patient and clinician factors. 

Patient characteristics reported in the literature to negatively influence FTIS include: 

few visible and or palpable veins (Carr et al., 2016a); diabetes; cancer; emaciated and 

obese patients ( Carr et al., 2016a; de la Torre-Montero et al., 2013; Fields et al., 

2014a; Juvin et al., 2003; Sebbane et al., 2013). Specific to the ED, Sebbane and 

colleagues proposed extremes of BMI, absence of vein visibility and palpability to be 
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independently associated with insertion difficulty (Sebbane et al., 2013). Clinician 

characteristics associated with better FTIS are reported to include the following: 

greater years of experience; the numerical quantity of PIVC insertions performed; 

professional roles of a specialist nurse or medical consultant ( Carr et al., 2016a; 

Lapostolle et al., 2007; Legemaat et al., 2016).  

 

In the absence of a visible, palpable vein, the knowledge of landmark strategies 

becomes important. However, this may be unsafe given the normal variation in 

distribution of veins (Yamada, Yamada, Katsuda, & Hida, 2008). Failed FTIS may 

lead to cannulation of higher risk central, external jugular or lower limb veins, and 

USGPIVC is a new modality aimed to avoid this (Au et al., 2012). PIVC insertion 

failure is a clinical problem and has been described as painful (Fields, et al, 2014b), 

with repeated punctures likely increasing the risk of infection (Rickard et al., 2012; 

Wallis et al., 2014), reducing the patient experience and safety in healthcare settings 

(Bausone-Gazda, Lefaiver, & Walters, 2010). In the ED, repeated attempts contribute 

to inefficiency and impact on the clinician and the patient, and retard patient flow 

through the department. Consequently, after two failed attempts, patients are referred 

to as difficult intravenous access (DIVA) (Carr et al., 2017b).  

 

Current published vascular access frameworks aim to assist with vascular access 

device selection and the process, but lack decision-making rules specific to achieve 

FTIS for PIVC within these frameworks, and very few clinical studies to illustrate 

the efficacy of such interventions (Chopra et al., 2015; Jackson et al., 2013; Moureau 

et al., 2012; Simonov, Pittiruti, Rickard, & Chopra, 2015). The most recent positive 

development is that of an adult difficult intravenous access scale (A-DIVA) by van 

Loon and colleagues. Their work was based on risk factors for failed FTIS in patients 

presenting for surgery (van Loon et al., 2016). A notable limitation of the A-DIVA is 

that all the modifiable predictors of FTIS are patient related. The lack of clinician-

based modifiers such as years of experience inserting PIVCs was conspicuous by its 

absence.  

 

 Obtaining FTIS must be considered a clinical priority. The overwhelming and 

consistent frequency of repeated PIVC insertion attempts with both traditional and 

USGPIVC techniques needs improvement. For this reason, we aimed to identify the 

full range of clinical predictors of FTIS rates in ED (patient clinician product and 
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technology). We used this approach to develop a more comprehensive clinical 

decision rule (CDR) to improve outcomes for clinicians inserting PIVC and for 

patients receiving them. 

 

Methods 

We published the protocol and methods to develop a clinical prediction model for 

FTIS in the ED in an openly accessible journal (Carr et al., 2016b).  Our study is 

registered with the Australian and New Zealand Trials Registry 

(ANZCTRN12615000588594).  We used the TRIPOD checklist to explain our model 

and validation. (Collins, Reitsma, Altman, & Moons, 2015).  

 

Study Design, Setting and Participants  

We performed a registered prospective multi-centre cohort study where data 

collectors directly observed the insertion of the PIVC. The study was performed in 

the EDs of Sir Charles Gairdner Hospital (SCGH) and Fiona Stanley Hospital (FSH) 

– two large academic institutions in Perth, Western Australia. SCGH is 650-bed 

hospital treating approximately 65,000 patients present annually in the ED. FSH is a 

783-bed hospital with approximately 80,000 adult ED presentations (Carr, et al., 

2016b). 

 

Primary outcome 

Our primary outcome was FTIS. We defined FTIS as per protocol: after PIVC 

insertion there is the visible presence of venous blood at the PIVC hub after the PIVC 

pierces through the skin into a vein, in addition to a small volume (up to 10ml) of 

normal saline 0.9% connected to the PIVC being flushed into the vein without 

evidence of any complication such as infiltration (Carr, et al., 2016b).   

 

Sampling and Sample Size 

We used a convenience sampling method due to limited funding and included all 

patients who were assessed by the Australasian Triage Score (ATS) 1-5, requiring the 

insertion of a PIVC on the day the researchers were present. We observed only 

clinicians who, after an invitation to contribute to the study, provided consent (see 
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Appendix D). An attempt was made to gather a sample size of 1,000 patients 

allowing for 10% attrition and was our per protocol sample size estimate to allow 

clinically meaningful inferences.  

 

Data collection  

We collected data from June 2015 to May 2016 using a case report form that we had 

developed prior to the main study and was assessed as having an item content 

validity index score of greater than 0.78, suggesting good content validity (Polit & 

Beck, 2006). Two research assistants separately gathered observation data on the 

insertion of the PIVC. This included patient, clinician, and product factors. A sample 

of data from each was assessed initially and obtained high reliability scores. Kappa 

was above 0.90 suggesting a very high level of agreement (McHugh, 2011). The 

content of our CRF used is presented in Appendix F.  

 

Statistical Analysis and Clinical Prediction Model  

Summary statistics, including counts and percentages, are provided for each of the 

variables. Predictors of FTIS were identified using univariate and multivariate 

logistic regression modeling (event=“FTIS”). Models considered: patient only 

factors; clinician only factors; product only factors; and then a combined model 

containing all factors which we called all model. Variables significant at the 5% level 

were retained for the final multivariate models. Adjusted odds ratios (OR), 95% 

confidence intervals (CI), and P-values are provided. Model performance was 

assessed using area under the receiver-operator characteristic (ROC) curve. Model 

sensitivity, specificity, negative and positive predictive values were calculated at the 

optimal cut-off (Youden, 1950). Data were analysed using the R core team 

environment for statistical computing (R Core, 2017).   

 

Ethical Approval:  

Full ethical approval for this study was obtained from The Sir Charles Gairdner 

Hospital (SCGH) Human Research Ethics office ref: HR 2015-149.with reciprocated 

approval gained at Fiona Stanley Hospital and Griffith University (see Appendix C).  
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Results 

There were 997 episodes of planned PIVC treatment across the two EDs. Removing 

the three patients who declined PIVC insertion, and 27 patients who were repeat (on 

separate days) presentations, this left 967 patients who were studied. Only the first 

presentation per patient was used for ease of modelling. Of these 967 patients, there 

were 1,337 attempted insertions. The mean patient age was 60.58 years, and 52% 

were female. The FTIS rate was 71%, with 148 (15%) requiring a second attempt, 63 

(7%) requiring a third attempt, 22 patients (2%) requiring a fourth attempt, 37 (4%) 

required four or more attempts, and 29 (3%) had no accurate record of subsequent 

attempts. The median number of insertions was 1; the mean was 1.44 with a range of 

1-9 attempts. Demographic and clinical characteristics in addition to complete data 

are presented in Table 6.1. In terms of clinician experience, 8 (0.8%) clinicians had 

performed <10 PIVCs to date; 243 (25%) clinicians had inserted between 11-300 

PIVCs; 114 (12%) clinicians had between 301-600 PIVCs insertions; while 62% had 

more than 601->1,000 PIVCs insertions to date. Resident medical officers (RMO) 

inserted the majority of PIVCs (n = 396, 41%), followed by registrars (n = 146; 

15%); then interns (n = 104; 11%); followed by registered nurses (RN) (n = 100; 

10%) and phlebotomists (FSH site only) (n = 91; 9%). Consultants inserted 78 (11%) 

of the PIVCs. The location of the first attempt insertions were back of the hand 

(BOH) (n = 142; (15%); wrist (n = 70; 7%); forearm (n = 182; 19%); antecubital 

Fossa (ACF) (n = 540; 56%); and upper arm (n = 26; 3%). The proportion of ED 

patients that had a clinical indication for the insertion of the PIVC was 64%. 

 

Univariate Analysis 

Clinician FTIS factors 

Using the dataset with 879 patients who had complete information recorded for all 

variables of interest in relation to FTIS, the clinician roles which returned the best 

FTIS rates were: Ultrasound Consultants (85%); Phlebotomists (79%); Consultants 

(76%); Registrars (77%); RMO (76%); Medical Student (69%); Nurses (64%), and 

Interns (60%). There were 319 (36%) PIVC insertions performed by clinicians with 

over 1,000 PIVCs insertions in their career with a FTIS of 78% (see Table 6.2). 

. 

Patient FTIS factors 
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The highest incidence of FTIS (n = 317;77%) was in patients with normal BMI and 

Fitzpatrick skin shades 4-6 (Fitzpatrick, 1988) with the latter being the darkest skin 

shade with more FTIS frequencies than lighter skin shades. Cold skin temperature (n 

= 47; 59%) and poor skin condition (n = 110; 65%) had the least amount of FTIS 

within their respective categories. Higher FTIS results of >75% occurred when the 

patient had 4-6 or >6 veins to choose from, with those with few visible veins (i.e., 1 - 

0) having higher failure rates (30-45%) (see Table 6.3). 

 

Environment, Technology and Products 

The two hospitals had similar FTIS incidence of 349 (75%) and 296 (71%). ATS 1 

patients had the best FTIS rate (n = 21; 78%) with six requiring further insertion 

interventions, followed by ATS 3 (n = 280; 75%). In terms of technology, those who 

required a USGPIVC few (n = 4; 19%) had the PIVC inserted on primary attempt. 

The 18 gauge had the best FTIS rate (n = 191; 80%) (see Table 6.4).  

 

Patient FTIS multivariate factors 

FTIS was significantly related to the following patient factors: patients with sepsis 

(p=0.0427), (OR 0.51 95% CI 0.26-0.98); poor skin quality (p=0.0050; fair versus 

poor OR 1.10, 95% CI 0.71-1.72; good versus poor OR 1.78, CI 95% 1.12-2.67). The 

venous international assessment (VIA) score was statistically significant (p=0.0250) 

for all grades when the reference category was VIA grade V (no visible veins); grade 

I (at least 6 visible veins) versus grade V (OR 2.45 95% CI 1.41-4.25); grade II (4 

visible veins) versus grade V (OR 1.77 95% CI 1.03-3.05); grade III versus grade V 

(3 visible veins) (OR 1.96 95% CI 1.19-3.24); grade IV (1 visible vein) versus grade 

V (OR 1.69 95% CI 1.01-2.84). Target vein palpability was independently associated 

with FTIS; patients with a target vein that was palpable with a tourniquet (but not 

without) were significantly more likely to have FTIS than patients who never had a 

palpable target vein (p=0.0004), (OR 2.85, 95% CI 1.44-5.63) and when the target 

vein was always palpable versus never palpable (p=0.0004) (OR 4.38 95% CI 2.08-

9.25) (see Table 6.5)..  

     

Clinician FTIS multivariate factors 
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FTIS clinician factors include: clinicians with greater confidence were more likely to 

achieve FTIS than clinicians with lesser confidence (p<0.0001) (for a 1% increase in 

clinician confidence: OR 1.03, 95% CI 1.02-1.04), as were staff with more PIVC 

insertion experience: 301-1000 versus <301 (OR 1.47 95% CI 0.98-2.20), >1000 vs. 

<301 (OR 1.78 95% CI 1.23-2.58) (p=0.0095) (see Table 6.6). 

 

Product FTIS multivariate factors 

PIVC size was associated with greater success when a 14-18g PIVC was compared 

with 20g (OR 2.00, 95% CI 1.10-2.31, p=0.0009), but had less success when 22g-24g 

was compared with 20g (OR 0.52, 95% CI 0.30-0.90, p=0.0009).   

   

All variables models 

Age was independently associated with FTIS; a one year increase in age increased 

the odds of insertion failure by 1%. (OR 0.99 CI 95% 0.983-0.998 p=<0.0097). The 

all variables models included patients with a target vein that was palpable with a 

tourniquet and these were significantly more likely to have FTIS than patients who 

never had a palpable target vein (OR 2.20, 95% CI 1.06-4.57), and always palpable 

versus never palpable (OR 3.53 CI 1.64-7.60) (p=0.0014). Patients requiring an 

ultrasound were significantly less likely to have FTIS than patients who did not 

require an ultrasound (OR 0.13, 95% CI 0.04-0.41, p=0.0006). The greater number of 

PIVCs a clinician had ever inserted was statistically significantly associated with 

FTIS (p=0.0012), 301-1000 vs <301 (OR 1.54 95% CI 1.02-2.34) and >1000 versus 

<301 (OR 2.07 95% CI 1.41-3.04). Clinician confidence (for a 1% increase) was 

statistically significant (p=<0.0001), (OR 1.02 95% CI 1.01-1.03). 
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Table 6.1 Patient demographic and clinician Characteristics 

 n %  

Patient Gender   

Male 462 48% 

Female 505 52% 

Triage Category   

1 - Immediately life-threatening 40 4% 

2 - Imminently life-threatening 322 33% 

3 - Potentially life-threatening 400 41% 

4 - Potentially life-serious 198 21% 

5 - Less urgent 7 1% 

Size 

4 0% Missing 

Emaciated 39 4% 

Underweight 104 11% 

Normal 441 46% 

Overweight 228 23% 

Obese 151 16% 

Diabetes   

Yes  100 10% 

No 867 90% 

Sepsis   

Yes  56 6% 

No 911 94% 

Chemotherapy   

Yes 51 5% 

No 916 95% 

Hospital   

SCGH 505 52% 

FSH 462 48% 

VIA SCALE   

Missing 5 1% 

I (6 VV) 275 28% 

II (4 VV) 159 16% 

III (3 VV) 214 22% 

IV (1 VV) 162 17% 

V (0 VV) 152 16% 

Skin Shade 

3 0 Missing 

1 (Lightest) 158 16% 

2 472 49% 

3 166 17% 

4 100 10% 

5 55 6% 

6 (Darkest) 13 2% 
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Pairwise comparisons of each model's AUC were performed: significant difference 

was detected when the all model (i.e Patient, Clinician and Product models) AUC 

was (0.71) compared with the patient only model (AUC=0.67) p=0.0178, clinician 

only model (AUC=0.68) p=0.0209, and product only model (AUC=0.59) p=<0.0001. 

The model considering all variables had a sensitivity of 74.26%, specificity of 

57.69%, a positive predictive value of 82.87%, and a negative predictive value of 

44.85%. Figure 6.1 displays ROC curve with AUC for all models presented.  

 

Table 6.2 Clinician variables of interest in relation to FTIS 

 

                                     First-Time Insertion Success 

                   Yes                      No 

n %   n % 

Role 

63 64% 36 36% Nurse 

Med Student 31 69% 14 31% 

Intern 55 60% 36 40% 

RMO 274 76% 85 24% 

Registrar 101 77% 31 23% 

Consultant 45 78% 13 22% 

US Consultant 11 85% 2 15% 

Phlebotomist 65 79% 17 21% 

Experience 

5 71% 2 29% <10 

11-50 30 59% 21 41% 

51-100 38 63% 22 37% 

101-300 74 68% 35 32% 

301-600 72 71% 30 29% 

601-1000 107 75% 35 25% 

>1000 319 78% 89 22% 

*Confidence 

0-100% 645 *79.79 234 *68.13 

*Mean and (Std Dev)                   (17.77)             (21.91) 
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Table 6.3 Patient variables of interest in relation to FTIS 

  

First Time Insertion Success 

Yes No 

Count Percent Count Percent 

Size 

18 58% 13 42% Emaciated 

Underweight 65 68% 31 32% 

Normal 317 77% 96 23% 

Overweight 154 76% 49 24% 

Obese 91 67% 45 33% 

Skin Shade 

89 67% 43 33% 1 (Lightest) 

2 328 75% 107 25% 

3 102 66% 53 34% 

4 78 83% 16 17% 

5 39 75% 13 25% 

6 (Darkest) 9 82% 2 18% 

Skin Temperature 

47 59% 32 41% Cold 

Normal 464 75% 155 25% 

Warm 133 74% 46 26% 

Diaphoretic 1 50% 1 50% 

Patient Gender 

316 75% 108 25% Male 

Female 329 72% 126 28% 

Skin Condition 

381 79% 103 21% Good 

Fair 154 68% 71 32% 

Poor 110 65% 60 35% 

Insertion Site 

98 76% 31 24% BOH 

Wrist 52 79% 14 21% 

Forearm 116 69% 51 31% 

ACF 365 74% 128 26% 

Upper Arm 14 58% 10 42% 

VIA Scale 

214 83% 43 17% I (6 VV) 

II (4 VV) 112 75% 37 25% 

III (3 VV) 147 75% 49 25% 

IV (1 VV) 98 69% 44 31% 

V (0 VV) 74 55% 61 45% 

Target Vein Visibility 

317 80% 78 20% Visible with and without tourniquet 

Only visible with tourniquet 150 74% 52 26% 

Never visible 178 63% 104 37% 

Target Vein Palpability 

305 82% 67 18 Palpable with and without tourniquet 

Only palpable with tourniquet 324 70% 140 30% 

Never palpable 16 37% 27 63% 

Diabetes 

54 62% 33 38% Yes 

No 591 75% 201 25% 

Sepsis 

26 58% 19 42% Yes 

No 619 74% 215 26% 

Chemotherapy 

37 77% 11 23% Yes 

No 608 73% 223 27% 

DIVA 

10 67% 5 33% Yes 

No 635 74% 229 26% 
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Discussion 

The findings of this study suggest that FTIS is a clinically-significant issue that needs 

improvement with 29% of patient requiring subsequent, one, or many attempts. We 

identified both patient factors (i.e such as non-palpable vein, being elderly), and 

clinician factors (i.e. as number of insertions and pre-insertion confidence) were 

independently associated with FTIS. Ultrasound guided insertions predicted failed 

FTIS; however, as these were used in patients who were already high risk of FTIS, or 

had already had failed non-ultrasound insertions, this is an expected finding. 

 

 
Table 6.4 Environment, Technology, and Product variables with FTIS 

 

        First-Time Insertion Success 

        Yes          No 

Count Percent Count Percent 

Hospital 

349 75% 115 25% SCGH 

FSH 296 71% 119 29% 

Triage Category 

    1 - Immediately life-threatening 21 78% 6 22% 

2 - Imminently life-threatening 206 70% 90 30% 

3 - Potentially life-threatening 280 75% 92 25% 

4 - Potentially life-serious 133 75% 44 25% 

5 - Less urgent 5 71% 2 29% 

Ultrasound 

    Yes 4 19% 17 80% 

No 641 75% 217 25% 

Cannula Size 

    14g 1 100% 0 0% 

16g 6 75% 2 25% 

18g 191 80% 47 20% 

20g 412 72% 159 28% 

22g 34 57% 26 43% 

24g 1 100% 0 0% 

 

That 29% of patients in our study were subjected to a repeat PIVC insertion is 15% 

more than our previous inserter-reported study in one of the same hospitals, 

suggesting that self-report methods lead to a large degree of under-reporting (Carr et 

al., 2016a). If we assume that DIVA patients are >2 failed attempts, then 

approximately 12% of the population recruited in our study could be categorized as 
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such. Recently, van Loon et al., (2016) identified that patients with a prior history of 

first-time insertion failure had a fourfold increase of failure with future attempts. 

Accepting this, are we perhaps too lenient in two failed attempts and should 

providers after one failed attempt escalate to more advanced techniques? The 

accepted default for >2 failed attempts is generally ultrasound (Au et al., 2012; 

Bauman et al., 2009; Brannam et al., 2004; Chinnock et al., 2007; Costantino et al., 

2005; Fields et al., 2012; Keyes, Frazee, Snoey, Simon, & Christy, 1999; Mills, 

Liebmann, Stone, & Frazee, 2007; Panebianco et al., 2009) and yet recent systematic 

reviews and meta-analyses on ultrasound and other vein-locating technologies have 

not overwhelmingly acknowledged their clinical advantage when compared with 

traditional techniques (Egan et al., 2013; Heinrichs et al., 2013; Liu et al., 2013; 

Parker, Benzies, Hayden, & Lang, 2016). Conceivably, this is owing to another 

additional skill that needs to be amassed and expertise developed. Traditional 

palpation/landmark based approaches in both study sites are overwhelmingly 

favoured first, with USGPIVC generally only considered when multiple failures have 

already occurred.  

 

Our descriptive results suggest dedicated personnel in one site, phlebotomists, had 

almost similar success to US trained medical consultants, but had better success than 

other medical consultants. Typically, medical consultants have greater clinical 

experience and will likely be called for DIVA cases, given their seniority and 

advanced skills such as ultrasound techniques. The economic cost implication are 

clear as phlebotomists get paid less than nurses and medical doctors, yet have a better 

FTIS rate. One rationale is that the particular clinical procedure they provide is not 

affected by multiple competing clinical tasks; such as patient assessment and only 

includes venesection, and in this case PIVC insertion. Performing this skill 

consistently has been identified to result in very high FTIS rates 98-99% (Carr et al 

2010; Cuper et al., 2012). In our multivariate logistic regression, more experienced 

inserters had significantly better FTIS rates than less experienced staff. Whilst some 

argue that all medical personnel should be skilled in PIVC insertion, a more nuanced 

approach based on skill and experience may be needed to improve patient safety. 

Failure to visualize and palpate a visible vein for potential PIVC insertion should 

prompt the assistance of a more skilled and proficient clinician. The skills associated 

with PIVC insertion are not profession dependent and a team approach should be 

encouraged to the benefit of both patient and clinician. How the transfer of a skill to 
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those less practiced or with less recency of practice is a local matter for individual 

EDs.  

 

Surprisingly, we found BMI to be non-significant in the final model, which is in 

agreement with previous studies identifying that failure was not independently 

associated with BMI (Juvin et al., 2003; Lapostolle et al., 2007). However, other 

studies suggest extremes of BMI are independently associated with insertion failure 

(Carr et al., 2016a; Sebbane et al., 2013).
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Table 6.5 Univariate and Multivariate Patient factors 

 Variables UNIVARIATE 
MULTIVARIATE  

all Model 

MULTIVARIATE  

Patient Model 

 

MULTIVARIATE 

Clinician Model 

 

MULTIVARIATE  

Product 

 OR 95% CI OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value 

Patient Gender  

Female v Male 0.89 0.66-1.20 Not Significant Not Significant Not Included Not Included 

Patient Age               

For a one year increase 0.99 0.984-0.998 0.99 0.983-0.998 0.0097 Not Significant Not Included Not Included 

Weight BMI Class         

Normal vs. 

Emaciated/Underweight 
1.75 1.14-2.69 

Not Significant Not Significant Not Included Not Included 
Obese vs. 

Emaciated/Underweight 
1.07 0.64-1.79 

Overweight vs. 

Emaciated/Underweight 
1.67 1.02-2.71 

Sepsis               

Yes vs. No 0.48 0.26-0.88 Not Significant 0.51 0.26-0.98 0.0427 Not Included Not Included 

Chemotherapy       

Yes vs. No 1.23 0.62-2.46 Not Significant Not Significant Not Included Not Included 

Diabetes               

Yes vs. No 0.56 0.35-0.88 Not Significant Not Significant Not Included Not Included 
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 Variables UNIVARIATE 
MULTIVARIATE  

all Model 

MULTIVARIATE  

Patient Model 

MULTIVARIATE  

Clinician Model 

MULTIVARIATE  

Product 

 OR 95% CI OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value 

Skin Shade  

Dark (4/5/6) vs. 

Light (1/2/3) 
1.59 1.04-2.43 Not Significant Not Significant Not Included Not Included 

Skin Temperature               

Normal vs. Cold 2.04 1.26-3.31 

Not Significant Not Significant Not Included Not Included 
Warm/Diaphoretic vs. 

Cold 
1.94 1.11-3.39 

Skin Condition               

Fair vs. Poor 1.18 0.78-1.80 

Not Significant 

1.10 0.71-1.72 

0.0050 Not Included Not Included 

Good vs. Poor 2.02 1.38-2.96 1.78 1.12-2.67 

Insertion Site               

ACF vs. Forearm 1.25 0.85-1.84 

Not Significant Not Significant Not Included Not Included 

BOH vs. Forearm 1.39 0.83-2.34 

Upper Arm vs. Forearm 0.62 0.26-1.48 

Wrist vs. Forearm 1.63 0.83-3.21 
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 Variables UNIVARIATE 
MULTIVARIATE 

all Model 

MULTIVARIATE  

Patient Model 

MULTIVARIATE  

Clinician Model 

MULTIVARIATE  

Product 

 OR 95% CI OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value 

VIA SCORE               

I (6 VV) vs. V (0 VV) 4.10 2.56-6.57 

Not Significant 

2.45 1.41-4.25 

0.0250 Not Included Not Included 

II (4 VV) vs. V (0 VV) 2.50 1.51-4.13 1.77 1.03-3.05 

III (3 VV) vs. V (0 VV) 2.47 1.55-3.95 1.96 1.19-3.24 

IV (1 VV) vs. V (0 VV) 1.84 1.12-3.00 1.69 1.01-2.84 

Target Vein Visibility               

Only visible with 

tourniquet vs. Never 

visible 

1.69 1.13-2.51 

Not Significant Not Significant Not Included Not Included 

Always visible vs. Never 

visible 
2.38 1.68-3.36 

Target Vein Palpability               

Only palpable with 

tourniquet vs. Never 

palpable 

3.91 2.04-7.48 2.24 
1.09-

4.64 
0.0010 

2.85 1.44-5.63 

0.0004 Not Included Not Included 

Always palpable vs. 

Never palpable 
7.68 3.92-15.05 3.63 

1.69-

7.81 
4.38 2.08-9.25 

DIVA               

Yes vs. No 0.72 0.24-2.13             
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Table 6.6 Univariate and Multivariate Clinician factors 

 Variables UNIVARIATE 
MULTIVARAITE  

all Model 

MULTIVARAITE  

Patient Model 

MULTIVARAITE  

Clinician Model 

MULTIVARAITE  

Product 

 OR 95% CI OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value 

Staff Role               

Consultant/US 

Consultant vs. Nurse 
2.13 1.06-4.30 

Not Significant Not Included Not Significant Not Included 

Intern vs. Nurse 0.87 0.49-1.57 

Med Student vs. Nurse 1.27 0.60-2.69 

Phleb vs. Nurse 2.19 1.12-4.28 

RMO vs. Nurse 1.84 1.14-2.97 

Registrar vs. Nurse 1.86 1.05-3.31 

Staff Experience               

301-1000 vs. <301 1.50 1.01-2.22 1.54 1.02-2.34 

0.0012 Not Included 

1.47 0.98-2.20 

0.0095 Not Included 

>1000 vs. <301 1.95 1.36-2.80 2.06 1.40-3.02 1.78 1.23-2.58 

Clinician Confidence            

Not Included 

For a 1% Increase 1.03 1.02-1.04 1.02 1.01-1.03 <0.0001 Not Included 1.03 1.02-1.04 <0.0001 
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Table 6.7 Univariate and Multivariate Environment, Technology and Product factors 

 Variables UNIVARIATE 
MULTIVARAITE  

all Model 

MULTIVARAITE  

Patient Model 

MULTIVARAITE  

Clinician Model 

MULTIVARAITE  

Product 

 OR 95% CI OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value 

Hospital               

FSH vs. SCGH 0.82 0.61-1.11             

Triage Category               

1 vs. 5 1.40 0.22-9.12    2.45 1.41-4.25 0.0250       

2 vs. 5 0.92 0.17-4.81 Not Significant 1.77 1.03-3.05  Not Included Not Included 

3 vs. 5 1.22 0.23-6.38    1.96 1.19-3.24        

4 vs. 5 1.21 0.23-6.45    1.69 1.01-2.84        

Ultrasound               

Yes vs. No 0.08 0.03-0.24 0.13 0.04-0.41 0.0006 Not Significant Not Included 0.08 0.03-0.23 <0.0001 

Cannula Size               

14-18g vs. 20g 1.56 1.09-2.24    

Not Significant Not Included 

2.00 1.10-2.31 

0.0009 

22g-24g vs. 20g 0.52 0.30-0.89    0.52 0.30-0.90 
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Our results indicate that PIVC insertion in patients who are subjected to >2 attempts 

and are classified as difficult should have early intervention that matches them with 

clinical expertise. Based on these figures and given the annual attendance at our two 

hospital sites, a conservative estimate of a DIVA population is between 6,500 and 

7,000 per annum. Notwithstanding this, the cost of repeated insertions and the impact 

on patients and clinicians along with avoidable delays should be a target strategy for 

future quality improvements. While our result underwent accepted statistical 

approaches, that is, calibration and internal validation, our AUC is lower than we had 

hoped in terms of the patient and clinician models’ discriminative ability to predict 

those who are likely to have a FTIS as fair. No scoring tool or rule will be able to 

precisely predict every patient (van Loon et al., 2016); however, we did include the 

clinician variable into our modeling, as clinicians will insert the PIVC into the vein.  

This is new information in this population. 

 

 

Figure 6.1 ROC Curve for Patient, clinician, product measures and all measures 
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Limitations  

We included variables that were significant at the 5% level where previously 10% 

had been used in the van Loon et al., (2016) study. Our results are limited to by an 

underrepresentation of dark skinned patients and perhaps DIVA patients. The DIVA 

patient responses were low, as we could not ask all patients if they had a DIVA 

history. Additionally, it is likely other factors would confound this variable and 

perhaps better classifications are needed as others have mentioned (Carr et al., 

2017b). As a cohort study, we can report statistical associations between risk factors 

and failed FTIS but cannot definitively conclude cause and effect relationships. 

Randomized studies will be needed to confirm if a clinical decision rule applying 

these results to guide insertions leads to improvements in FTIS. 

 

Interpretation  

Our results should be interpreted carefully by respecting the primary outcome FTIS.  

Successful ED PIVC insertion relies on a variety of factors, but identifying risk 

factors described here will achieve greater FTIS when two patient variables (younger 

age and vein palpability) and two clinician variables (greater confidence and having 

at least inserted over 300 PIVCs) coexist. The primary objective for the clinicians 

and healthcare service providers is to consider these risk factors to obtain FTIS. 

Procedural competence for beginning could be amassed in patients with better vein 

visibility and palpability. In this way, the number of unnecessary insertion attempts 

in addition to repeated insertion attempts might be reduced. 

 

Implications  

Even when more contemporary ultrasound approaches to obtain PIVC on the first 

attempt are used, the results are poor to moderate. Based on the risk factors 

identified, a clinical decision rule that matches patients with no palpable veins, and 

aged over 65 years, with clinicians who have greater confidence and experience, will 

likely yield greater FTIS rates. This should impact as reduced repeat insertions, save 

patients from the experience of failed insertion attempts and subsequent PIVCs 

reduce cost to the healthcare service and improve clinician efficiency. 
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Conclusions 

In conclusion, we have identified risk factors that incorporate patient and clinician 

factors. These data points are useful to inform a planned clinical decision rule that 

will benefit from future implementation and testing for feasibility, acceptability, 

validity, and reliability.  
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Results and Discussion Phase 2, part 2 

Survival analysis of ED-inserted peripheral intravenous catheter in an admitted 

cohort. A multi-centre analysis.  

 

Abstract 

Introduction: The majority of patients admitted to hospital via the Emergency 

Department (ED) will do so with a peripheral intravenous catheter/cannula (PIVC). 

At minimum, over one in four PIVCs develop post insertion failure (PIF). We sought 

to identify the PIF rate and significant insertion-related factors associated in order to 

guide optimal insertion decisions. 

 

Methods: We analysed data from a prospective clinical cohort study of ED-inserted 

PIVCs admitted to the hospital wards. PIF was defined as: Infiltration; Occlusion; Pain 

and/or Peripheral intravenous assessment score (PVAS) >2 (The hospitals assessment chart 

to monitor PIVC phlebitis); Dislodgement (i.e Accidental or Securement device failure); 

Patient pulled it out. Independent predictors of PIF were identified with univariate and 

multivariate Cox proportional hazards regression modeling. Kaplan Meier survival 

curves depicted the incidence of post-insertion failure and for factors considered 

clinically relevant. 

 

Results: In 391 patients admitted from two EDs, the rate of PIF was 30% (n=118). 

Mean PIVC dwell-time was 37.52 hours (<1hr-166hrs). Of the PIVCs that failed, 

infiltration and occlusion combined were the most common causes of PIF (n=55; 

47%). Multivariate Cox proportional hazards regression modeling identified the 

following significant factors: Australian Triage Score 1-2 compared to 3, 4, or 5 (HR 

1.84, 95% CI 1.25-2.69, p=0.0018); Ultrasound guided (USG) PIVCs (HR 3.26, 95% 

CI 1.13-9.40, p=0.0291). When an aseptic non touch technique (ANTT)/key parts 

protected (KPP) approach is used at insertion, the PIVC is significantly more likely 

to have longer survival than PIVCs without (HR 0.63, 95% CI 0.42-0.96-20.10, 

p=0.0326). 

  

Conclusion: PIF remains at an unacceptable standard in both traditional and 

ultrasound inserted PIVCs. PIVCs inserted in the ED are at the highest risk of PIF 
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when inserted: without ANTT/KPP approach; with ultrasound and, in the ATS 1-2 

ED patient.  

 

Introduction 

The peripheral intravenous catheter/cannula (PIVC) is the most used vascular access 

device in healthcare today (Alexandrou, et al, 2017). Generally, patients admitted to 

hospital have a PIVC due to specific clinical presentation, prescribed intravenous 

therapy, and/or medicines, and/or procedural, or need for diagnostics such as a 

computerized tomography scan. Premature failure of the PIVC post insertion (during 

PIVC intravenous dwell) reveals undesirable rates of failure with 30-50% of devices 

failing (Carr et al., 2010; Helm et al., 2015; Wallis et al., 2014). Most targeted 

strategies surround reducing infection; however, despite it being the most harmful to 

patients it is also the least likely to occur (Rickard et al., 2012). Established highly 

prevalent forms of post insertion failure (PIF) include: infiltration/extravasation; 

occlusion; dislodgement (accidental-securement device failure or purposeful 

removal); phlebitis/thrombophlebitis such as pharmacological, mechanical, and 

infection. With as many as 45% having a subsequent PIVC in their hospital stay, the 

subsequent PIVC is more likely to succumb to PIF of occlusion (HR 1.17 CI 1.01-

1.35) (Wallis et al., 2014). Many of these factors are modifiable. Examples include, 

recent strategies to reduce accidental dislodgment which include the use of tissue 

adhesive to avoid accidental dislodgement (Bugden et al., 2016). Despite such 

advances, patients are still commonly exposed to repeat PIVC insertions and are 

likely exposed to alternative devices such as midlines, peripherally inserted central 

catheters (PICCs), and central venous catheter (CVCs) when appropriately placed 

and functional PIVCs are not achieved (Chopra et al., 2015). Focusing on the first 

clinical environment where many patients are exposed to their first hospital PIVC 

insertion (i.e. ED) could achieve implementation of improvement strategies at the 

source. As a result, we sought to investigate insertion-related risk factors and 

predictors for post-insertion failure in patients who were admitted to hospital via the 

Emergency Department (ED). Given the reason for removal (including PIF) is poorly 

recorded in the medical record in routine practice (Carr et al., 2016c), we 

prospectively followed up admitted patients who had a PIVC inserted in ED (Carr et 

al., 2016b).  
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Methods 

We published the protocol and methods for this study as secondary outcomes in an 

open access journal (Carr et al., 2016b). Our study is registered with the Australian 

and New Zealand Trials Registry (ANZCTRN12615000588594). We used the 

STROBE checklist to explain our interpretation of this observational study (Elm et 

al., 2007). 

 

Study Design, Setting and Participants  

A prospective multi-centre observational cohort of admitted patients from ED who 

had their PIVC insertion observed by trained data collectors were followed up to 

identify if PIF occurred. The study was performed in Sir Charles Gairdner Hospital 

(SCGH) and Fiona Stanley Hospital (FSH), two large academic institutions in Perth, 

Western Australia. SCGH is 650-bed hospital with approximately 65,000 ED patient 

assessed annually. FSH is a 783 bed hospital and sees approximately 80,000 adult 

ED presentations. We included all Australian Triage Score (ATS) patients who had a 

PIVC inserted on the days the researchers were present and who were subsequently 

admitted to the ward. We used a convenience sample method due to limited funding 

and resources.  

 

Data collection variables of interest   

We collected data from June 2015 to May 2016 using a case report form with a 

content validity index score of greater than 0.78 reflecting good content validity 

(Polit & Beck, 2006). The content of our CRF used is detailed in Appendix F. It 

includes: patient; clinician; environment (hospital site; specialty i.e medical surgical 

etc.); products; technology (e.g. ultrasound – add on devices) variables. We defined 

PIF as per protocol: PIVC removal owing to failure defined as a composite of the 

following: Infiltration; Occlusion; Pain and/or Peripheral intravenous assessment score 

(PVAS) >2 (The hospitals assessment chart to monitor PIVC phlebitis); Dislodgement i.e 

(Accidental or Securement device failure); Patient pulled it out.  

 

Sample Size   

A sample size was determined by how many patients were admitted to hospital from 
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our primary prospective study; we used the admitted sample to measure rates of 

PIVC insertion failure.  

 

Statistical Analysis  

The primary outcome was to establish the reasons for removal of the PIVC to 

identify rates of PIF and survival times. We provide summary statistics for all 

variables of interest in term of PIF yes/no and overall mean and median dwell-times 

in hours. We identified predictors of PIF by using univariate and multivariate Cox 

proportional hazards regression modeling. Having censored patients whose PIVC did 

not fail at the time of PIVC removal, we identified significant factors associated with 

PIF using univariate and multivariate Cox proportional hazards regression results 

from modeling the time to PIVC failure. Insertion site and gauge size were entered 

into the multivariate model due to their frequent association with PIF in the literature. 

Other factors were only entered if they were significant at p<0.05 in the univariate 

statistics. Hazard ratio (HR), 95% confidence intervals (CI), and P-values are 

provided. Factors considered relevant to dwell-time outcome included: age, gender, 

patient size, whether the PIVC was used for intravenous therapy, site of insertion, 

cannula size, the inserting clinician’s role and level of experience with PIVC 

insertion, the performance of an aseptic non-touch technique (ANTT) keeping key 

parts protected (KPP) at insertion (defined as clinical breach or did not breach), the 

actual first-time insertion success (yes/no), and PIVC dwell-time. To estimate, 

interpret, and to further explore the explanation for reduced dwell-time, we 

performed survival analysis on clinician and patient variables. A Kaplan Meier 

survival curve was drawn to depict the incidence of post-insertion failure over the 

PIVC dwell, plotted by factors considered clinically relevant.  

 

Ethical Approval 

We received a waiver of consent for patients; however, we informed patients who 

had the capacity to understand for permission to observe their insertion and follow up 

in the hospital ward if admitted. Full Ethical approval for this study was obtained 

from The Sir Charles Gairdner Hospital (SCGH) Human Research Ethics office ref: 

HR 2015-149 (see Appendix C).  
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Results 

General characteristics 

Having observed the insertion of their PIVC in the ED, we followed up 391 patients 

to measure the dwell-time and reasons for removal. Characteristics of our sample 

include: Female gender (n=201; 52%), with a mean age of 63.32 years and mean 

PIVC dwell-time of 37.52 hours (a minimum of 0.17 mins and a maximum of 166 

hrs. There were 137 (35%) Australasian Triage Score (ATS) 1, 2 patients; the mean 

hospital length of stay (days) for 385 patients was 4.79, the median was 2 days with 

SD 8.16 (min 1 day max 90 days) with 6 missing. Table 6.8 presents summaries of 

the length of PIVC in hours broken down by whether the PIVC developed PIF   

 
Table 6.8 PIVC dwell time for continuous variables: Age and Time 

Variable N Mean Median Std Dev Minimum Maximum 

Patient Age (yrs) 391 63.32 68.00 21.34 18.00 100.00 

 

PIVC Dwell (hrs) 391 37.52 28.50 28.20 0.17 166.42 

 Yes 118 

 

24.10 27.98 0.17 121.58  33.49 

PIF 

No  273 

 

29.88 28.17 1.80 166.42 

  

 39.27 

 

The rate of PIF was 30% (n=118). Figure 6.2.1 displays a Kaplan Meier survival 

curve of PIVCs with CI 95% bands. Of those classified as emaciated/underweight 

(n=73; 18%), 29 (40%) endured PIF. Over half of the patients (n=205 52%) were 

admitted with a PIVC inserted in the ACF region with ACF region having the most 

failure (n=68; 31%). In the 12 PIVCs inserted in the upper arm, only 1 (8%) 

succumbed to PIF. Of the 30 (8%) patients admitted with sepsis, 16 (53%) had PIF. 

The clinician role that inserted most PIVCs was the RMO (n=168; 43%). Despite 

medical students inserting the fewest (n=19; 5%), 11 (58%) of these PIVCs resulted 

in PIF. Phlebotomist had the lowest inserted PIVCs fail with 9 (20%) of their 5 

(12%) enduring PIF. Those PIVCs with a reported clinical breach (i.e compromising 

an ANTT or not keeping KPP (n=248; 63%) also had the most PIF (n=86;35%). 

PIVCs inserted with no clinical breach adhering to hospital policy had a lower PIF 

rate (n=32; 22%). Table 6.9 presents clinical characteristics of patients and clinician 

factors and summary statistics for influencing PIVC failure. Table 6.10 provides 
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baseline clinical characteristics of environment, products, technology, and infusates 

factors and summary statistics for PIVC failure. Infiltration and occlusion accounted 

for 15% of all reason for removal. Table 6.11 displays the reason for PIF and 

rationale for PIVC removal. 

 

 

Figure 6.2 Kaplan Meier survival curves of PIVCs and PIF with bands (broken lines) of CI 95% 
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Table 6.9 Baseline clinical characteristics of patient and clinician factors with summary statistics for 

influencing PIVC failure 

Variable Categorisation PIVC, (n= 391) PIVC Failure 

 Yes No 

n % n % n % 
Patient Gender Male 188   48% 56   30% 132   70% 

Female 203   52% 62   31% 141   69% 
 

Size 

Emaciated/Underweight 73   18% 29   40% 44   60% 

Normal 170  43% 46 27% 124 73% 

Overweight 89  23% 32 36% 57 64% 
Obese 59  15% 11 19% 48 81% 

 

 
*Skin Shade 

1 (lightest) 68 17%     

2 185  47% 97 31% 220 69% 
3 64  16%     

4 44  11%     

5 26  7% 11 7% 48 93% 
6 (darkest) 4  1%     

 

Skin Condition 

Good 190  49% 46 24% 144 76% 

Fair 104 27% 31 30% 73 70% 
Poor 97  25% 41 42% 56 58% 

 

 
VIA SCORE 

I (6 VV) 107  27% 26 24% 81 76% 

II (4 VV) 65  17% 20 31% 45 69% 
III (3 VV) 84  21% 25 30% 59 70% 

IV (1 VV) 69  18% 25 32% 44 68% 

V (0 VV 66 17% 22 33% 44 67% 
 

 

Vein Palpability 

Palpable with and without 

tourniquet 

162  41% 47 29% 115 71% 

Only palpable with 
tourniquet 

209 53% 67 32% 142 68% 

Never palpable 20  5% 4 20% 16 80% 

 
 

Location of PIVC 

Back of the Hand 55 14% 16 29% 39 71% 
Wrist 43 11% 12 28% 31 72% 

Forearm 76 19% 21 28% 55 72% 

Ante Cubital Fossa 205 52% 68 31% 137 69% 
Upper Arm 12 3% 1 8% 11 92% 

Confusion Yes 45 12% 20 44% 25 56% 

 No 346 88% 98 28% 248 72% 
Sepsis Yes 30 8% 16 53% 14 47% 

 No 361 92% 102 28% 259 72% 

Chemotherapy  Yes 28 7% 7 25% 21 75% 

 No 363 93% 111 31% 252 69% 

Diabetes Yes 62 16% 24 39% 38 61% 

 No 329 84% 94 29% 235 71% 
DIVA Yes 7 2% 2 29% 5 71% 

 No 384 92% 116 34% 252 66% 

 
 

 

Clinician Role 

Nurse 35  9% 9   26% 26   74% 
Medical Student 19   5% 11   58% 8   42% 

Intern 41   10% 12   29% 29  71% 

RMO 168  43% 51 30% 117 70% 
Registrar 57 15% 19 33% 38 67% 

Consultant 26  7% 7 27% 19 73% 
Phlebotomist 45 12% 9 20% 36 80% 

Numerical 

Experience  

0-300 106  27% 30 28% 76 72% 

301-1000 109 28% 26 24% 83 76% 
>1000 176 45% 62 35% 114 65% 

ANTT KPP Did not breach  143  37% 32 22% 111 78% 

 Clinical breach 248 63% 86 35% 162 65% 
Needle Redirections 1 250  64% 76 30% 174 70% 

 2,3 101 26% 30 30% 71 70% 

 4+ 40 10% 12 30% 28 70% 
FTIS Yes 308  79% 46 24% 144 76% 

 No 83 21% 31 30% 73 70% 

*Skin shade failure rates reflect grouping of 1-3 and 4-6 
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Table 6.10 Baseline clinical characteristics of environment, product, technology and infusates factors with 

summary statistics for PIF 

Variable Categorisation PIVC, (n= 391) PIF 

 Yes No 

n % n % n % 
Hospital SCGH Hosp 1 204   52% 66 32% 138 68% 

FSH Hosp 2 187   48% 52 28% 135 72% 

 

 
 

Australian Triage 

Category  

1. Immediately life 

threatening  

13 3% 4 31% 9 69% 

2. Imminently life 

threatening 

124 32% 49 40% 75 60% 

3. Potentially life 
threatening 

175 45% 41 33% 134 77% 

4. Potentially life 

serious 

77 19% 24 31% 53 69% 

5. Less Urgent 2 1% 2 100% 0 0% 

 

 
Specialty  

Medical  195 50% 73 37% 122 63% 

Surgical 91 23% 25 27% 66 73% 
Cancer (Haem/Onc) 22 6% 6 27% 16 73% 

Cardiology 14 4% 9 64% 5 36% 

Emergency 69 17% 5 7% 64 93% 

 

PIVC Guage 

14-18G 110  28% 32 29% 78 71% 

20G 253 64% 75 30% 178 70% 

22G-24G 28 7% 11 39% 17 61% 
 

Connector*** 

J-Loop 308  79% 94 31% 214 69% 

NFC/Bung 77  20%     

Stopcock/None 6 0.2% 24 33% 59 67% 
None 5  1%     

 

CT Scan 

No CT Scan 248  63% 69 28% 179 72% 

Non-Contrast CT 75 19% 26 35% 49 65% 
Contrast CT 68  17% 23 44% 45 66% 

Ultrasound Yes 9 2% 4 45% 5 55% 

 No 382 98% 114 30% 268 70% 
Crystalloid Fluids Yes 203 52% 68 33% 135 67% 

 No 188 48% 50 27% 138 73% 

Colloid Fluids Yes 17 4% 0 0% 17 100% 
 No 374 96% 118 32% 256 68% 

Antibiotics 
Medication 

Yes 118 30% 49  69 58 

 No 273 70% 69 25% 204 75% 

Steroids Medication Yes 11 3% 5 45% 6 55% 
 No 380 97% 113 30% 267 70% 

Analgesia 

Medication 

Yes 39 10% 13 33% 26 67% 

 No 352 90% 105 30% 247 70% 

Antipyretic 

Medication  

Yes 15 4% 5 33% 10 67% 

 No 376 96% 113 30% 263 70% 

Cardiac Medication Yes 24 6% 14 58% 10 42% 

 No 367 94% 104 28% 263 72% 
Other 

Medications**** 

Yes 72 18% 20 28% 52 72% 

 No 319 83% 98 31% 221 69% 
IVT infused Yes 290 74% 99  191  

 No 101 26% 19  82  

*** Combined NFC/BUNG/OTHER/None for analysis; **** Combination of Medication: heparin infusions; protein pump 

inhibitors; antidote medication; vitamins 
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Table 6.11 Reasons for PIF and PIVC removal 

PIF  n % % of PIF 

PIVC Infiltration 38 10% 32% 

Occlusion 17 5% 15% 

Pain/PVAS>2 14 3% 12% 

Dislodgement 27 7% 23% 

Patient pulled it out 22 6% 19% 

PIVC Removal    % of PIVC REMOVAL 

Removed for Patient Safety 3 1% 1% 

Changed to other VAD 13 3% 5% 

Unable to identify 12 3% 4% 

Transferred to other Hospital 8 2% 3% 

Routine Removal at 72 hrs 17 4% 6% 

Deceased 1 0% 0% 

No Longer Required 219 56% 80% 

 

 

Univariate analysis and multivariate analysis of patient factors 

Older patients were significantly more likely to have PIVC PIF than younger patients 

(for a one-year increase in age: HR 1.02, 95% CI 1.01-1.03, p<0.0001). In the 

multivariate analysis, patients who were categorised on the ATS as 1 or 2 were 

significantly more likely to have a PIVC failure than patients categorised as 3, 4, or 5 

(HR 2.04, CI 95% 1.39-3.01, p=0.0003).  

 

Patients with good skin (HR 0.58 CI 95% 0.38-0.88), and fair skin (HR 0.61 CI 95% 

0.38-0.97) when compared with poor skin had reduced failure in univariate analysis 

but not in the multivariate analysis. The anatomical location of the PIVC was 

associated with less failure in the upper arm compared with the forearm in the 

univariate (HR 0.26 CI 95% 0.04-1.95) and this multivariate analysis (HR 0.15 CI 

95% 0.02-1.23). In the univariate analysis, patient conditions such as confusion (HR 

1.61 CI 95% 0.99-2.61), sepsis (HR 1.73 CI 95% 1.02-2.93), diabetes (HR 1.37 CI 

95% 0.87-2.15), DIVA status (HR 1.02 CI 95% 0.25-4.12), and chemotherapy (HR 

0.67 CI 95% 0.31-1.45) were associated with increased PIF, but none were 

significant in the final multivariate model.  

 

 



 145 

Univariate analysis and multivariate analysis of clinician factors 

Consultants, interns, phlebotomists, registered medical officers (RMO), and registrar-

inserted PIVCs were all significantly less likely in the multivariate analysis to have 

PIF than Medical Student inserted devices. In particular, phlebotomist insertions had 

least failure (HR 0.27 CI 95% 0.11-0.67, p=0.0095). Figure 6.3 presents the Kaplan 

Meier survival curve for PIVCs inserted by clinicians.  

 

Figure 6.3 Kaplan Meier survival curve for PIVCs inserted by clinicians 

 

No trend in the reduction of PIF was noted with insertion by staff who had placed 

more than 1,000 PIVCs; in the univariate analysis, those with 301-1,000 placed had 

less failure (HR 0.81 95% CI 0.48-1.37) but those with more than 1,000 PIVCs 

placed versus 301 had more PIF (HR1.24 95% CI 0.80-1.92). Less needle 

redirections was not associated with less PIF in univariate analysis; 1 versus 4+ (HR 
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1.11 95% CI 0.60-2.04) and 2, 3 versus 4+ (HR 1.02 95% CI 0.52-2.00). Similarly, 

having the PIVC placed on the first attempt was not associated with less PIF (HR 

1.07 95% CI 0.69-1.66) in the univariate or multivariate analysis. When the PIVC 

was inserted without any observed compromise of ANTT/KPP it was associated with 

reduced PIF (HR 0.71 95% CI 0.47-1.07) and this association was retained in the 

multivariate analysis (forcing site and size) (HR 0.65 95% CI 0.43-0.996, p=0.048) 

(see Table 6.12). 
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Table 6.12 Univariate and Multivariate logistic regression of patient and clinician factors influencing PIF 

  UNIVARIATE MULTIVARAITE MULTIVARAITE - FORCING SITE AND SIZE 

Variables HR 95% CI HR 95% CI P-value HR 95% CI P-value 

Patient Gender     
  

  
  

  

Female vs. Male (ref) 1.02 0.71-1.46 Not Significant Not Significant 

Patient Age      

For a One year increase 1.02 1.01-1.03 1.02 1.01-1.03 <0.0001 1.02 1.01-1.04 <0.0001 

Size     

  

  

  

  

Normal vs. 

Emaciated/Underweight (ref) 0.71 0.44-1.14 

Not Significant Not Significant Obese vs. Emaciated/Underweight  0.49 0.24-0.99 

Overweight vs. 

Emaciated/Underweight 0.95 0.57-1.56 

      

  

  

  

  

Skin Shade     

  

  

  

  

Light vs. Dark (ref) 1.08 0.67-1.73 Not Significant Not Significant 

      

  

  

  

  

Skin Condition     

  

  

  

  

Fair vs. Poor (ref) 0.61 0.38-0.97 
Not Significant Not Significant 

Good vs. Poor  0.58 0.38-0.88 

      

  

  

  

  

VIA SCORE     

  

  

  

  

I (6 VV) vs. V (0 VV) (ref) 0.72 0.40-1.27 

Not Significant Not Significant 
II (4 VV) vs. V (0 VV  1.06 0.57-1.95 

III (3 VV) vs. V (0 VV)  0.76 0.43-1.35 

IV (1 VV) vs. V (0 VV  0.93 0.53-1.65 
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Variable 
UNIVARIATE MULTIVARAITE MULTIVARAITE - FORCING SITE AND SIZE 

HR 95% CI HR 95% CI P-value HR 95% CI P-value 

Vein Palpability  

Only palpable with tourniquet 

vs. Never palpable (ref) 1.22 0.45-3.36 
Not Significant Not Significant 

Always palpable vs. Never 

palpable  1.25 0.45-3.47 

Insertion Site     

  

  

  

  

ACF vs. Forearm (ref) 1.39 0.85-2.27 1.64 0.98-2.74 

0.0337 

1.73 1.03-2.91 

 

0.0353 

 

  

BOH vs. Forearm  1.10 0.57-2.10 1.86 0.93-3.71 1.85 0.91-3.78 

Upper Arm vs. Forearm  0.26 0.04-1.95 0.15 0.02-1.23 0.17 0.02-1.46 

Wrist vs. Forearm  1.03 0.51-2.11 1.02 0.49-2.10 1.07 0.51-2.22 

ACF vs. Upper Arm (ref) 5.35 0.74-38.99 11.25 1.39-91.14 10.07 1.24-81.90 

BOH vs. Upper Arm 4.21 0.55-32.09 12.75 1.47-110.31 10.78 1.23-93.52 

Confusion     

      Yes vs. No (ref) 1.61 0.99-2.61 Not Significant Not Significant 

Sepsis       

Yes vs. No (ref) 1.73 1.02-2.93 Not Significant Not Significant 

Chemo       

Yes vs. No (ref) 0.67 0.31-1.45 Not Significant Not Significant 

Diabetes       

Yes vs. No (ref) 1.37 0.87-2.15 Not Significant Not Significant 

DIVA       

Yes vs. No (ref) 1.02 0.25-4.12 Not Significant Not Significant 
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Variable 

UNIVARIATE MULTIVARAITE MULTIVARAITE - FORCING SITE AND SIZE 

HR 95% CI HR 95% CI P-value HR 95% CI P-value 

Clinician Role     

Consultant/ vs. Med Student(ref) 0.38 0.15-0.99 0.43 0.16-1.15 

0.0095 

0.47 0.17-1.29 

0.0205 

                Intern vs. Med Student  0.24 0.10-0.55 0.21 0.09-0.49 0.23 0.10-0.55 

                Nurse vs. Med Student  0.37 0.15-0.91 0.60 0.24-1.51 0.62 0.25-1.57 

    Phlebotomist vs. Med Student  0.22 0.09-0.54 0.27 0.11-0.67 0.28 0.11-0.70 

RMO vs. Med Student 0.37 0.19-0.72 0.37 0.19-0.72 0.39 0.20-0.78 

Registrar vs. Med Student 0.30 0.14-0.63 0.31 0.14-0.68 0.32 0.15-0.71 

 Numerical Experience     

  

  

  

  

301-1000 vs. <301(ref) 0.81 0.48-1.37 
Not Significant Not Significant 

>1000 vs. <301 1.24 0.80-1.92 

ANTT KPP     

No clinical breach v Clinical 

breach (ref) 0.71 0.47-1.07 
0.63 0.42-0.96 0.0326 0.65 0.43-0.996 0.048 

Needle Motions     

1 vs.4+ (ref) 1.11 0.60-2.04 
Not Significant Not Significant 

2,3 vs.4+ 1.02 0.52-2.00 

FTIS      

YES vs. NO (ref)  1.07 0.69-1.66 Not Significant Not Significant 
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Table 6.13 Univariate and Multivariate logistic regression of environment, products, technology and infusate factors influencing PIF 

Variable 

UNIVARIATE MULTIVARAITE MULTIVARAITE - FORCING SITE AND SIZE 

HR 95% CI HR 95% CI P-value HR 95% CI P-value 

Hospital      

SCGH Hospital 1 vs. FSH Hospital 2 0.72 0.50-1.04       

Triage Category         

ATS1/2 vs. ATS3/4/5 (ref) 1.79 1.24-2.58 2.04 1.39-3.01 0.0003 1.81 1.22-2.67 0.0004 

Clinical Specialty         

Medical vs. Emergency (ref)  2.41 0.97-6.00   

Surgical vs. Emergency 1.43 0.54-3.76   

Cancer vs. Emergency 1.41 0.43-4.66 Not Significant Not Significant 

Cardiology vs. Emergency 4.20 1.40-12.61   

PIVC GUAGE         

14-18g vs. 20g (ref) 1.08 0.71-1.63 Not Significant Not Significant 

22-24g vs. 20g 1.28 0.68-2.42       

Connector:    J-Loop vs.NFC*** 0.90 0.58-1.42       

CT SCAN         

CT Contrast vs. None (ref) 0.93 0.57-1.49 

Not Significant Not Significant CT Non-Contrast vs. None 1.24 0.79-1.95 

Ultrasound    Yes vs. No 2.12 0.78-5.75 6.52 2.11-20.10 0.0011 7.08 2.31-21.69 0.0006 

Fluids – Crystalloid Yes vs. No 1.00  0.69-1.45   Not Significant Not Significant  

Antibiotics                   Yes vs. No 1.07  0.74-1.55  Not Significant Not Significant 

Steroids                       Yes vs. No 1.32 0.54-3.25 Not Significant Not Significant 

Meds – Analgesia       Yes vs. No 0.76 0.42-1.38 Not Significant Not Significant 

Meds – Antipyretic   Yes vs. No 1.11 0.45-2.73 Not Significant Not Significant 

Meds – Cardiac          Yes vs. No 2.34 1.34-4.09 Not Significant Not Significant 

Meds – Other              Yes vs. No 2.34 1.34-4.09 Not Significant Not Significant 

Meds - Other Yes vs. No 0.78 0.48-1.27 Not Significant Not Significant 
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Univariate and multivariate analysis of product factors 

Patients requiring an ultrasound were significantly more likely to have PIVC failure 

than patients not requiring an ultrasound (HR 6.52, 95% CI 2.11-20.10, p=0.0011). 

 

Discussion 

Almost 1 in 3 PIVCs (30%) failed in this study owing to a complication. This rate is 

only slightly lower than another  a study that reported 34% failure (Wallis et al., 

2014) and in agreement with recent findings from many studies that PIF is a highly 

prevalent problem in healthcare (Helm et al., 2015).   

 

Patient factors 

The mean age of participants was 63.32 years, with increasing age significantly 

associated with PIF. Additionally, poor skin turgor which can be associated with 

frailty and older populations, trended towards higher PIF rates although it was not 

significant. Patients in higher ATS who require immediate and urgent ED care were 

significantly more likely to have PIF. This is not surprising given the large number of 

intravenous interventions that occur in this patient category, and perhaps more haste 

is taken in placement that results in this higher PIF. The other significant patient 

finding from the multivariate model was that ACF placed PIVCs failed significantly 

more often than both forearm, and upper arm placed PIVCs, although there were 

only small numbers of upper arm insertions, such that these interpretations must be 

cautious. Although, beyond the scope of this study it does suggest that PIF is 

associated with other mechanistic causes and certainly worthy of further 

investigation.  

 

Clinician factors 

PIVCs inserted by medical students appear to a clinician factor associated with 

reduced longevity. This finding may be about this group’s first clinical exposure to 

PIVC. However, this provides a potential opportunity for greater proctoring and 

mentoring and better decision-making about clinician interpretation and decision 

making on site selection and PIVC type and size.  
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Technology   

In acknowledging the small number of USGPIVC, previous papers have identified 

post-insertion failure when ultrasound guided approaches are used (Fields et al., 

2012). Clearly, given the cost associated with advanced insertion techniques such as 

using ultrasound, one would hope the USG PIVC would survive longer. Although in 

the few numbers we had, survival analysis of USGPIVC had a mean dwell-time of 

27hrs and median time 31.92hrs (min 2.17-max 42hrs). PIVC tip position and 

flushing rate and volumes may be independently associated with PIF and this 

warrants further investigation (Keogh et al., 2016; Murayama et al., 2015).  

 

The idle PIVC 

At the time of insertion in ED, the clinician is likely focused on obtaining PIVC for 

blood sampling and commencement of therapy, such that the decision to choose a 

site with great longevity may not be considered. Over 25% had no intravenous 

therapy and/or medication inserted. or no CT contrast scan, and this group included 

the longest dwelling PIVC 166.42hrs suggesting better clinical cues to encourage 

removal are needed. Despite over 1 in 4 PIVCs having no intravenous justification, it 

is unclear if there was a true clinical concern requiring these PIVCs. Additionally, 

and, perhaps, encouraging, is that our result of idle PIVCs is almost half of the 

reported rate evidenced by Limm and colleagues in another Australian ED (Limm et 

al., 2013). Finally, on this issue, Berreca and colleagues call for an adequate 

definition for idle PIVC (Becerra et al., 2016). Our data assessed for all factors 

related to the device being used. We did not monitor if the patient was likely to 

clinically deteriorate, and therefore some of the 25% may likely be justified as per 

local policy. 

 

Future strategies  

It is established that first-time insertion success rates are varied and need to improve 

(Carr et al., 2017b). Additionally, these results provide rates of PIF that are a cause 

for concern and will inform any planned quality initiatives or further interventional 

work. An issue underlying PIVC failure stems from the variety of clinicians from 

different disciplines who insert and access them, and points to a lack of standardized 

approach to education, insertion practice, device care and management, from within 
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disciplines and between individual practitioners. This leads to fragmented practice 

and is identified as an issue in Australian and New Zealand neonatal units (Taylor, 

McDonald, & Tan, 2014). Similar studies of PIVCs reveal a lack of standardization 

and common agreement and evidence of diverse practice (Castro-Sánchez et al., 

2014). Without clinical agreement and an acceptance of common standards of 

assessment, insertion, and maintenance, PIVC care will remain dependent on 

individual clinicians from a variety of disciplines with different experience and 

practice philosophy performing less than acceptable care. Additionally, a recent 

absence of infiltration from the most comprehensive guidelines is perhaps remiss 

(Gorski et al., 2016). Given that PIVC assessment tools specifically focus on 

phlebitis and an opportunity arises for a clinically credible PIVC assessment tool 

covering all aspects of failure. This post-insertion failure is best described as the 

inadvertent infusion of non-vesicant as well as vesicant fluid into tissue space instead 

of through the vessel. Clinical signs include fluid leakage at the site of insertion, skin 

blanching, skin coolness, pain, and occlusion of the infusion (Doellman et al., 2009; 

Dugger, 1997). In this study, 63% had a clinical breach of ANTT or KPP – a concept 

which hospitals spend considerable money on implementing and resourcing. Perhaps 

encouraging is the fact that when the PIVC insertion was performed using 

ANTT/KPP approach, the PIVC dwell was associated with less PIF. 

 

Limitations 

We provide cautious interpretation of these results. For example, with regard to 

infiltration, we did not identify the rates and speed of infusion, nor the number of 

PIVC flushes used, or if blood sampling occurred. In terms of occlusion, we did not 

perform US assessment of the site to identify if thrombus was the predictor of 

occlusion. We did not follow up any of the reported PIVAS 2 for 48hrs (but always 

alerted staff to this finding). We did not power our study to answer accept or reject 

any hypothesis we primarily wanted to identify causes of PIF prospectively. 

Therefore, we accept our data may be vulnerable to type 2 error. Our attempt was to 

reveal the rates of PIF and use these results for future studies. Finally, this study 

identifies an association, and in no way represents cause and effect that an 

interventional design would likely identify.  
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Interpretation of results  

We do believe that we have a generalizable sample and that our failure rates are in 

line with previous studies. Our failure results of 30% succumbing PIF echoes recent 

reports of similar failure largely modifiable reasons. Our idle or unused PIVC not 

taking account of potential clinical deterioration as an indication for PIVC use was 

25%.This is the first study to our knowledge to identify PIF is greatest when the 

PIVC is inserted by medical students in the ED as opposed to the other six clinician 

roles available to provide insertion. Future strategies could identify an educational 

vascular access intervention for medical students to assess the validity of this result. 

We also believe that this is the first study to identify prospectively that the PIVC 

inserted with better ANTT/KPP results in less PIF. Furthermore, the ACF and BOH 

should be avoided in favour of the upper arm and/or forearm for PIVC placement. 

Finally, ATS 1 and 2 patients are more likely to experience a PIF than other ATS 

categories.  

 

Conclusion: 

In first world countries, given the myriad of patient, clinician, and product and 

infusion technology, greater synergy should exist to answer the reason for PIVC 

failure using an informatics concept. In hospitals in first world countries, real time 

data should be included in the medical record at the time of insertion and removal 

and include patient, clinician, product and technology data. In this way, targeted 

strategies could potentially be expedited so that stakeholders and policy and 

guideline authors can translate findings and improve outcomes more efficiently.  
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Chapter 7 Conclusion  

 

 

Introduction  

Chapter 7 is the final chapter of this thesis where, firstly, an overview of each of the 

chapters is provided. This is followed by a summary of findings, specifically 

regarding first-time insertion success (FTIS) and post insertion failure (PIF) the and 

how a clinical decision rule (CDR) which emerged based on the risk factors 

identified and how this in this could assist with both concepts. A discussion about 

how the findings of this research can be implemented and the clinical and policy 

implications of such an approach is then included. Recommendations for further 

research and plans for current research and potential for translational impact are 

discussed. The chapter concludes by affirming the study conclusions   

 

Overview of the thesis structure and methods  

The intention of this research was to develop evidence to improve PIVC insertion 

and post-insertion failure rates. This study was underpinned by the vessel health and 

preservation (VHP) conceptual framework and contains novel findings to support 

this philosophy. In brief each chapter contained the following:  

Chapter One: outlined the background of PIVCs, one of the oldest invasive 

procedures in healthcare, but within the context of the ongoing problems and 

variability of insertion success and failure, specifically within EDs. It highlighted a 

problem of clinical significance: unacceptable PIVC FTIS and PIF rates; and noted 

that modifiable risk factors need to be known in order to improve clinical outcomes 

for patients, clinical staff, and service providers. It posed two questions: (i) what are 

the risk factors for PIVC insertion failure?; and, (ii) what are the insertion-related 

risk factors for post-insertion PIVC failure?; that require answers to better inform a 

potential solution of a PIVC clinical decision rule to guide the insertion procedure 

within the ED context. An existing conceptual framework on vessel health and 

preservation underpinned these research aims and questions and so enhances and 

contributes to the science of this framework. 
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Chapter Two: outlined a comprehensive review of relevant literature about PIVC 

insertion, FTIS rates, and provided a critique of the literature that informed the 

development of the clinical research questions and protocol. As a result, this 

approach helped generate potential variables that influence FTIS outcomes and PIF. 

The literature analysed in Chapter 2 identified a gap in the evidence for a TRA/CDR 

for PIVC insertion in the ED. In so doing, the rationale for this thesis and inquiry 

was created. 

Chapter Three: contained a manuscript “A systematic scoping literature review of 

existing tools, rules and algorithms”, accepted for publication in the Journal of 

Hospital Medicine. This novel critique of tools, rules, and algorithms was the first 

published systematic scoping review on this issue. The conclusions provided an 

insight into the complexity of this subject matter and that rigorous approaches to 

CDR development with validity, reliability, clinical utility testing are lacking. This 

established a greater purpose for this research. 

Chapter Four: In order to answer the research questions arising from the 

comprehensive review in Chapter 2 and scoping review in Chapter 3, two phases of a 

study were designed. This chapter provided an in-depth description of the conceptual 

framework guiding the research inquiry, that is, vessel health and preservation. It 

outlined the two study phases with a description of the methods used in each 

including: aim, objectives, question, study settings, sampling framework, 

recruitment, procedures, data collection, reliability, and ethical considerations. 

Within this chapter, a manuscript published as a study protocol in BMJ Open for the 

development of a CDR is included. Additionally, the chapter emphasised the 

importance of pre-testing data collection tools and assessing for validity and 

reliability in addition to acknowledging the important role of protocol publication 

and clinical study registration in ensuring research transparency and integrity.  

Chapter Five: This chapter contained two published manuscripts. The first 

manuscript included the results and discussion of Phase 1, the completed cohort 

study providing foundational information for a large multi-centre cohort study (Phase 

2) of factors associated with FTIS. The insertion-focused results were published in 

the Journal of Vascular Access, as the first publication in the literature to identify 

that clinician pre-procedural confidence is independently associated with FTIS. 

Additionally, a second published manuscript was included which reported on the 

findings of the PIVC post-insertion medical chart review. This provided results but 

also discussed the futility of the medical chart retrospective review method. Due to a 



 157 

lack of documentation, it was impossible to identify the post-insertion dwell-times 

and rationale for removal of the PIVC. Again, both novel findings that contribute to 

the evidence base of vascular access science and improving health-care delivery. 

These findings informed Phase 2 of the research. 

Chapter Six: This chapter contained two manuscripts in preparation for submission 

to academic journals and represented the results and discussion of Phase 2. The first 

paper included the results of the FTIS model with internal validation. It identified a 

combination of independent clinician and patient risk factors and product/technology 

factors that can inform in a CDR for PIVC insertion in the ED. The CDR directs that 

for older people with no palpable veins, an experienced and pre-procedurally 

confident clinician should undertake PIVC insertion. The second manuscript 

contained the results and discussion of the observed rates and risk factors associated 

with PIF, and reported the survival times of ED inserted PIVCs. These data are new 

and will help improve strategies to improve PIVC functional dwell.   

 

Findings  

Peripheral Intravenous Catheter FTIS 

In performing a comprehensive and critical review of the literature pertaining to 

PIVC, this thesis has outlined consistently high and unacceptable rates of first-

insertion and premature device failure. The published PhD research results and those 

under review provide comprehensive patient and clinician data that are associated 

with FTIS in the ED. The cohort study (Phase 1) reported a self-reported FTIS rate of 

86%; this is the highest reported rate in the published literature from an adult ED. 

Previous ED reports of FTIS success were 79% by Sebbane (2012) where patient 

factors such as extremes of BMI (obese and emaciated) in addition to finding an 

unfavorable and very unfavorable vein assessment were of significance to failure of 

FTIS. In contrast, Lapostelle (2007) reported a FTIS of 74% where patient factors 

such as chemotherapy, diabetes and “particular observations” were independent 

predictors associated with failure of FTIS. Additionally, this paper also provided 

evidence that smaller caliber/gauge of PIVC was independently associated with 

insertion failure and that the type of clinician was significantly associated with FTIS 

(Lapostolle et al., 2007). 
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Despite the discussed limitation in Phase 1, that clinicians may not have used the 

data collection tool on sicker patients, the data analysed provided unique and 

interesting comparison findings with the aforementioned published studies and the 

A-DIVA tool (Lapostolle et al., 2007; van Loon et al., 2016; Sebbane et al., 2013). 

Patient data from Phase 1 suggested emaciated patients were less likely to have a 

PIVC first-time insertion success when compared to normal weight patients (OR 

0.07 95% CI 0.02-0.34 p=0.001). This was in agreement with a finding by Sebbane 

who also identified emaciated condition (OR 2.24 95% CI 1.07-4.67) to be an 

independent risk factor for PIVC insertion failure. Further, having a visible vein (OR 

2.17 95% CI 1.19-6.13) which is congruent with the work of van Loon et al., (2016) 

(OR 3.63 95% CI 2.09-6.32) or the new finding, the PIVC insertion performed in the 

ACF (OR 2.82 95% CI 1.28-6.24 p=0.01) were strong independent predictors of 

FTIS in multivariate logistic regression. Independent clinician predictors associated 

with FTIS were more previous PIVC insertions: >800 versus 0-100 (OR 7.64, 95% 

CI 2.48-23.51, p<0.001), as were clinicians with greater pre-procedural confidence 

(OR 1.06, 95% CI 1.04-1.07, p=<0.001). Previous studies have identified specialist 

roles in the ED such as nurses specialized in Emergency care (OR 3.959, 95% CI 

1.778-8.813, p=<0.0008) to be associated with FTIS (Lapostolle et al., 2007) and 

neonatologist OR 1.1 (Legemaat et al., 2016) but this current research is the first to 

quantify and stratify by numerical category. In developing a potential model, the 

AUROC for the three FTIS predictor models were: patient only model 0.80; clinician 

only model 0.82; and combined patient and clinician model 0.87. This suggested 

good discrimination for all models, but the higher value was seen when both patient 

and clinician factors were considered together. This suggested that a combined 

patient clinician model is warranted as previous models excluded the clinician’s 

impact (van Loon et al., 2016; Riker et al., 2011).  

 

Clinical Decision Rule 

By systematically scoping the literature for published CDRs, a gap in the evidence 

and an opportunity to develop a valid and reliable CDR was identified. In the 

accepted manuscript in Chapter 3, thirteen studies included for analysis reported a 

FTIS rate of 61-90% with various tools, rules, risk factors, and algorithms reviewed. 

This was the first published systematic scoping review on PIVC CDRs. Risk factors 

that included patient, clinician, and product/technology variables from this review 
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informed phase 1 of the study. This phase 1 research suggested patients with no 

visible veins and in particular no palpable veins, who are older, and with extremes of 

BMI, should have their PIVC insertion performed by clinicians with a greater 

numerical experience and confidence to facilitate FTIS. Developing and testing a 

PIVC CDR means assessing the external validity. This was necessary given the 

method of data capture that is self-report. As a result, a large observational multi-

centre cohort study was then undertaken to further develop and validate the findings 

of phase 1. It identified that FTIS was much lower at 71%. This larger study 

identified three independent patient predictors for FTIS on multivariate analysis: 

younger age (each year older = OR 0.99, 95% CI 0.983-0.997, p<0.01), a palpable 

with tourniquet (OR 2.24, 95% CI 1.09-4.64), or palpable vein without tourniquet 

(OR 3.63, 95% CI 1.69-7.81), compared to no palpable vein (p=0.001). The 

independent clinician factors identified validated the findings of the self-report 

cohort study. FTIS was significantly associated with higher number of PIVCs 

previously placed by the clinician: 301-1000 PIVCs (OR 1.54 95% CI 1.02-2.34), or 

>1000 PIVCs (OR 2.06 95% CI 1.40-3.02) versus <301 PIVCs (p<0.01). Pre-

procedural clinician confidence was also significant as an independent factor with 

each 1% increase in confidence associated with an OR of 1.02 (CI 95% 1.01-1.03, 

p<0.0001). The AUROC for the All Variables model (i.e., patient, clinician, and 

product/technology variables) was 0.71, suggesting fair discrimination ability of the 

model. This model had a sensitivity of 73.8%, specificity of 58.1%, a positive 

predictive value of 82.9%, and a negative predictive value of 44.6%. Similar 

statistical methods to those used in this current research were used in the pre-hospital 

setting where Prottengeier et al., (2015) included variables with a p value <0.25 from 

univariate regression into a multivariate regression. They identified AUROC for vein 

visibility (without tourniquet) to be 0.67; and palpability (with tourniquet) 0.67 along 

with ambient light 0.63 with a combine model of 0.75 (Prottengeier et al., 2015). Our 

research validates that the palpability variable is strongly associated with probability 

of FTIS. Despite not finding vein visibility significant in Phase 2, the inclusion of 

clinician factors such as confidence and a greater number of PIVC insertions 

performed are novel additions.  

 

The highest FTIS rates are found when a team approach to PIVC insertions occurs 

and the result of this work might inspire the re-emergence of the vascular access 

team concept in ED (Carr et al., 2014; Whalen, Maliszewski, & Baptiste, 2017). 
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Current insertion policies generally allow for two failed attempts before another 

clinician is called to assist or insert (Whalen et al., 2017). This current research will 

assist reducing the number by specifically identifying RF for insertion success and 

developing a targeted strategy for implementing a CDR to reduce the number of 

insertion failures by matching the most difficult with a clinician with the greatest 

expertise and confidence. It is planned in postdoctoral work to use bootstrapping 

statistical methods to create a scoring system based on the CDR developed in this 

research. This method is similar to one used by van Loon and colleagues (van Loon 

et al., 2016). Bootstrapping will apply permutations to data in the existing datasets 

that was developed in this PhD research. ROC curves will be recreated with this new 

system and assessed using the Hosmer-Lemeshow statistic (van Loon et al., 2016). In 

bootstrapping, a resample of a proportion of subjects and re-calculation of the 

logistic regression model will be applied to the remaining subjects and repeated 

many times (at least >1600 repetitions in the van Loon et al., (2016) study). As a 

result, each independent predictor will be able to be given a score for FTIS, which 

will be combined with definitions and include three potential probability ranges for 

FTIS: low; medium; high. This will allow further development and implementation 

of the CDR.  

 

Peripheral Intravenous Catheter PIF 

Phase 1 identified the consistent absence of the reason for removal of any PIVC in 

the medical chart review. The accepted publication of the findings revealed that a 

problem exists with reporting of an invasive device in the medical record, despite the 

opportunity for the nurse or medical doctor to document this procedure either in the 

electronic record or in the medical hand written chart. The absence of such important 

data is likely to prevent the identification of any problems with PIVC complications 

associated with insertion and maintenance. Attempting to improve outcomes in the 

absence of data makes the challenge more difficult. This can lead to employing 

costly strategies to audit and investigate FTIS and PIF. The lack of clear standardized 

medical terms describing the rationale for removal is likely remiss. The clinical 

rationale for PIF identified in this thesis are varied but, in addition to phlebitis, 

include: infiltration/occlusion; securement device failure and dislodgement. Not all 

PIVCs are removed because they are no longer required, and therefore prompting 

options for documentation of reasons for failure in the medical chart e.g. through 
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checklists that include such data as: infiltration/tissuing occlusion (blocked PIVC), 

dislodgement (dressing/securement device failure or patient removal), and infection, 

would enhance the ability to track complications and failure to help identify 

solutions. The published paper reporting Phase 1, part 2 was one of the first studies 

to identify that the rationale for removal of the ED inserted PIVC is unknown. The 

medical chart should have a clinically responsive and useable documentation of the 

reason for PIVC removal. The medical chart is the primary source in any 

retrospective analysis if the PIVC is considered the cause of any morbidity or 

mortality. This study identified that that the ‘idle’ (i.e no documented reason) PIVC 

in patients admitted via ED was much lower at 16% than other higher reports 50% 

(Limm et al., 2013). 

 

As a consequence of the lack of data in hospital charts in Phase 1, Phase 2, included 

a prospective follow up of PIVCs inserted in ED to collect data on the reason for 

removal. Of the PIVCs that had failed before the end of treatment, the most common 

reason was occlusion/infiltration (46%), patients purposefully removing them or 

accidental dislodgement (42%), with pain and PVAS-instigated removals much less 

frequent, at 12%. These data should encourage consideration to augment the current 

PIVC assessment tools. Currently, there is no option to force nurses or medical 

doctors assessing the PIVC to reference data such as occlusion, infiltration, and 

dislodgement in a dedicated peripheral vascular access assessment chart aside from 

documenting in the patient generic notes. The findings further highlights that PIF is 

not exclusively a result of infection but rather more about securement of the device, 

occlusion/infiltration, and vein irritation. Additionally, the multivariate cox 

proportional hazard ratios indicated that for each one year increase in a patient’s age 

is associated with more PIF (HR 1.02, 95% CI, 1.01-1.03, p= <0.0001), and those 

categorised as ATS 1-2 (HR 2.04 95% CI 1.39-3.01, p= <0.0003) will endure more 

PIF than those with ATS 3/4/5. Moreover, ultrasound guided PIVC insertion was 

associated with more PIF than traditional attempts (HR 6.52, 95% CI 2.11-20.10, p= 

<0.01). PIF was less likely when the PIVC was inserted in the upper arm region (HR 

0.15, 95% CI 0.02-1.23, p= 0.0337), and when ANNT KPP was used on insertion 

(HR 0.63, 95% CI 0.42-0.96, p=0.0326). The latter strongly supports current hospital 

policies for the use of ANNT and KPP. Our results of 25% redundant (not needed 

PIVCs) was half of the reported 50% identified in another study (Limm et al., 2013), 

but worse than the 16% reported in a Phase 1 (Carr et al., 2016a). Based on the 
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results, PIVCs were clinically required for the following reasons: prescribed IV 

therapy (i.e. IV fluids or IV medicines); clinical deterioration; and, planned 

procedures where a PIVC is mandated. In the absence of any of the aforementioned, 

the PIVC should be removed, as it is no longer required. Short, pragmatic clinical 

cues may encourage prompt removal of idle or unnecessary PIVCs.  

Enhancing the Vessel Health and Preservation 

The primary reason for the development of the VHP framework was to preserve 

patients’ vasculature and to reduce damage to the vessels (Moureau et al., 2012) that 

can lead to phlebitis, thrombus, and infection, all categories of failure. This thesis 

enhances the work of Hallam and colleagues’ adaptation of VHP and their peripheral 

vein assessment tool which intends to minimise damage to veins and maximize 

patient safety (Hallam et al., 2016). The identification of patient risk factors can be 

used to inform the decision-making processes by clinicians that improve first-time 

insertion success. For example, FTIS rates decrease when there are fewer visible 

veins. Similarly, FTIS insertion increased when clinicians had previously performed 

a greater number of PIVC insertions. These findings validate grades 1 and 2 of the 

VHP peripheral vein tool (Figure 4.2) developed by Hallam, and contribute to the 

evidence base for a CDR for PIVC insertion in the ED.  

 

Preventing PIF will help patients avoid repeat attempts and from our results, the use 

of an aseptic non-touch technique/ key parts protected at insertion (a novel finding to 

support greater dwell) is likely to reduce failure. ANTT/KPP is a strategy to decrease 

healthcare associated infections (Clare & Rowley., 2017) in respect of these results 

the procedural components may be linked to following the per policy procedural 

aspect of PIVC insertion. For this reason greater resources should be invested to 

mentor and proctor insertion approaches for novice or junior staff inserting PIVCs as 

well as and identifying PIVCs inserted with a compromised ANTT/KPP approach. 

Additionally, avoiding the back of hand and ante cubital fossa region may increase 

the dwell of the PIVC inserted in ED. This is new evidence, which augments and 

enhances a VHP philosophy and enforces the view that the short-term view of 

achieving FTIS by inserting a PIVC in the ACF may be negated by higher PIF. 

These results are in agreement with the largest PIVC study to date on PIF, the results 

of which advocates for forearm placement (Wallis et al., 2014).   
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Examples of how CDR can be implemented 

Implications for Practice 

A CDR can assist with standardizing healthcare process and result in positive 

outcomes for the service providers (Adams & Leveson, 2012; Barton et al., 1998). It 

is important to point out that this does not mean a one PIVC fits all approach, but 

rather one that puts the patient at the centre of the decision-making process (Chen et 

al., 2016). The current standard process for PIVC insertion in the ED includes a 

traditional attempt, and a variety of healthcare professional (i.e phlebotomists, 

technicians, paramedics, nurse, medical students, and doctors) perform this invasive 

procedure, all with varied success. Our CDR could target a change in medical 

students’ clinical proctoring to increase insertion success and reduce PIF. 

Additionally, it may support the role for a dedicated service provision such as a 

vascular access team for patients with predicted difficulty initiatives that have been 

recently evidenced in the literature (Whalen et al., 2017). As an example, patients 

without a palpable vein made up 2% of the data in phase 2; and emaciated patients 

and obese patients who made up 12% and such figures daily would unlikely to 

overburden a staff member given the average attendance is up to100 patients 

requiring PIVC insertion. An additional implication may co-exist with improving the 

approaches, such as with a particular team providing PIVC insertion. This could 

include better performed USGPIVC insertion. Given the limited proactive uptake of 

USGPIVC in addition to the increase of PIF from USGPIVC approaches, one option 

logically could be addressed with a dedicated service providing all PIVC insertions 

with both traditional and USGPIVC options. Moreover, with the addition of forced or 

mandatory data capture to follow up PIVC outcomes. Generally, USGPIVC becomes 

the default only when patients are subjected to two or more traditional failures and 

hence the process is reactive as opposed to proactive.  

 

Based the evolution of this research, which has identified, a significant amount of 

modifiable failure, the next logical step is to implement and scientifically evaluate the 

CDR’s impact as it is used to embed proactive approaches to support patients’ vessel 

health and preservation. Another intention of the CDR is to prevent inappropriate 

PIVC insertion and reduce inappropriate blood sampling, which can lead to over 

diagnosis and unnecessary testing and treatment. At present, no other scientific 

publications are evaluating the use of automated CDR for PIVC procedures. 
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Furthermore, there is insufficient scientific evidence to prove or refute if a CDR for 

PIVC insertion is superior to the current standard practice. The intention is that the 

point of care CDR will be novel, innovative and use a “digital first” approach to 

ongoing data collection at the point of data origin. It will be contained in a unique 

software repository and be a potential first for PIVC and vascular access research. 

This approach will embrace current hospital informatics resources by linking a triad 

of information (patient data, clinician data, and product data) so that it can be stored 

for analysis. It is likely to direct the right clinician to the right patient to avoid waste 

and inappropriate PIVC insertion for a given patient and condition. 

 

Implications for Policy and Guidelines  

The most recent guidelines relevant to PIVC insertion and where this research could 

potentially impact in future editions are the Infusion Nurses Society (INS) in USA 

(Gorski et al., 2016) and Royal College of Nursing UK (Royal College of Nursing, 

2016). The risk factors identified for FTIS results will likely enhance the (INS) 

standards for insertion section on VAD selection and placement. In these guidelines, 

the standards for PIVC criteria focus heavily on products, infusate, technology, and 

patient factors. It is likely that an addition of clinician factors using the results of this 

research will be beneficial. The causes of PIF identified in this research should 

influence a change to assessment tools so that infiltration is included and therefore 

support the standards for infusion therapy suggesting organisations should monitor 

infiltration rates and initiate quality improvement programs if necessary (Royal 

College of Nursing, 2016). Additionally, the results of this study should also 

encourage clearer documentation of standards endorsed by the Infusion Nurses 

Society in USA (Gorski et al., 2016). With over 50% of the admitted PIVCs being 

inserted in the ACF, it is clear that despite guidelines and standards detailing the 

avoidance of placing PIVCs at the ACF region (Gorski et al., 2016), there is still a 

challenge regarding uptake in clinical practice. It is encouraging that PIF is reduced 

when ANTT/KPP is performed and this may have an additional advantage to not only 

reduce an infectious cause of PIF but perhaps a mechanical cause due to the operator 

following standards of practice. Finally, an additional innovative translational aspect 

of this research includes adopting current level one evidence by extending the dwell 

of the PIVC from routine removal (72hrs) to clinically indicated since better insertion 
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decisions should also assist in longer functional survival of the PIVC (Rickard et al., 

2012; Webster, Osborne, Rickard, & Hall, 2015). 

 

Directions and implication for future research 

Developing this research further is key in order to translate the finding into routine 

clinical practice. In registering the research reported in the manuscripts in chapter 6 

as clinical study, and publishing the study protocol, the transparency of this work is 

enhanced (Carr et al., 2016b; Kimberlin & Winterstein, 2008). Given the advance of 

clinical informatics in particular at the local study hospital, it is logical to develop a 

digital first approach.  

1) Does an automated (digital first) CDR improve appropriate PIVC first-time 

insertion success in patients attending the ED?  

2) Does a PIVC inserted using an automated predictive CDR fail less and last 

longer?  

3) Can an automated CDR mobile application capture better PIVC patient 

outcome data?   

The current paper-based data collection method for this invasive procedure is poorly 

used to document relevant information in the patient’s medical record. Therefore, a 

contemporaneous approach is required – one that uses software application to collect 

point of care data for health analytics. This will help with real-time optimisation of 

performance and safety of PIVC insertion and management, and report PIVC 

outcomes at the press of a button.  

In future, and based on the acceptability of our CDR and availability of data (on 

patients, devices, procedures, and clinician type) Bayesian adaptive techniques could 

potentially be used to rapidly and continuously randomise patients to new 

procedures/technologies in order to achieve shorter time to better evaluation data and 

to more quickly highlight non-optimal approaches. The findings can be put into 

effect immediately to drive improved clinical performance and reduce costs. As the 

CDR will ultimately be a mobile application, it seems logical in future to evaluate it 

in other clinical settings. Furthermore, with the Alliance for Vascular Access 

Teaching and Research (AVATAR) – a leading vascular access research hub 

internationally would be an important clinical and academic resource to collaborate 

with in order to synergize these research findings for national and international 

collaboration opportunities. One such plan is the establishment of a global OMG 
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PIVC registry for ongoing data capture that would provide healthcare professionals, 

clinical scientists, nurses, medical doctors, patients, and hospital administrators with 

relevant information on their own practice and enable them to benchmark their own 

hospital findings against available best practice guidelines in vascular access device 

management. The developed CDR is a supportive tool and will likely enhance the 

scientific data to the evidence base of vascular access. Future research should focus 

on why such PIVCs are not removed when no longer required and have no clinical 

indication for use.  

 

Reducing PIVC failed insertion attempts and improving insertion practice through 

implementation of the CDR could lead to better staff and patient experiences, as well 

as greater hospital efficiency by using staff time and equipment effectively. When 

implemented for PIVC insertions, recipients may experience first-time insertion 

success, repeated attempts reduced, and correct device selection occurring which 

may result in reduced length of hospital stay (Barton et al., 1998). The next phase of 

the research is timely given the huge investment in health nationally, internationally 

and locally within Western Australia (WA) with regard to standardising an aseptic 

non-touch technique program in the hope of reducing nosocomial events related to 

PIVC insertion. Additionally, the findings of the research can support the Choosing 

Wisely (Choosing Wisely Australia, 2016.; Bulger et al., 2013) campaign by 

dissuading inappropriate PIVC insertion for a single blood sample. The findings of 

which will be an additional benefit to WA Health. Finally, there are additional 

benefits of having the first data collection portal within an electronic healthcare 

record that can store and analyse specific vascular access patient data, clinician data, 

and product data in real time. This will contribute hugely to future decision-making 

at an educational level, a product procurement level, and within different patient 

categories.   

 

Future research will consider the clinical applicability and utility of the CDR by 

clinicians through piloting its use. Understanding of clinical usefulness and value 

within the clinical context of the ED can be gained to inform the clinical utility of the 

CDR. Whilst no formal medical or nursing definition of clinical utility is available 

(Smart, 2006), it describes the usefulness of an intervention in patient care that can 

identify patients at risk of adverse events (Lesko, Zineh, & Huang, 2010), in this case 

repeated PIVC insertion attempts. Evidence of clinical applicability and utility will 
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go some way to promoting the uptake and adoption of the CDR. It is important to 

bear in mind that clinical utility is influenced by the clinical infrastructure and that 

this will ultimately influence the adoption of the CDR into the ED daily practice 

(Lesko et al., 2010). An example of acceptability questions include, the length of 

time is takes to complete, whether it supports critical thinking or acts merely as a 

guide that could likely be ignored. Appendix G displays a proposed example of 

clinical utility/applicability questions.  

 

The CDR identifies risk factors associated with PIVC insertion and as such it must 

be consistent and accurate over time. The reliability of the CDR now needs to be 

measured by assessing it in a clinical environment. Previous reports of algorithms 

with inherent assessment capability are published (Gosselin, Bourgault, Lavoie, 

Coleman, & Méziat-Burdin, 2014; Sanada et al., 2013). Two methods of reliability 

will need to be assessed, as outlined by Hayen and colleagues (2007):  

1. Intra-observer (or within observer) reliability; the degree to which 

measurements taken by the same observer are consistent. 

2. Inter-observer (or between observers) reliability; the degree to which 

measurements taken by different observers are similar. 

For inter-rater agreement, a sample of clinicians will assess consecutive patients. For 

intra-rater reliability, one clinician will assess five different patients. To eliminate 

recall bias, a washout period of 20 minutes is predicted. A washout period of two 

weeks is suggested in the literature but within the context of a busy ED and the 

throughput of patients, this may be impractical. The time frame of 20 minutes will be 

chosen to allow for patients that may present with venous access complexities related 

to their condition such as sepsis that may be rectified within one to two hours. It is 

also proposed that the CDR will be trialed with a sample of ED clinicians, each using 

a number of times, to obtain perceptions of clinical utility and clinical applicability 

so that salient events pertinent to ED environment are considered. Further reliability 

testing of the data collection processes in relation to data collectors will also be 

undertaken. The criterion-related validity of an instrument involves examining the 

CDR for practicality and whether it can be reasonably presented as a tool to identify 

difficult insertion and promote first-time insertion. For example, if patients with no 
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palpable veins are considered difficult for FTIS, it is assumed that CDR would 

predict this.  

 

Conclusions 

This PhD has identified risk factors for FTIS and PIF to support a CDR for PIVC 

insertion in the ED for the most frequently used vascular access device used in 

healthcare worldwide. Using reliable and validated methods in addition to 

performing a systematic scoping review to contextualize FTIS CDRs has provided 

the needed evidence for vascular access practice. Both the inserter-reported and 

observational cohort studies are the first to identify that pre-procedural confidence is 

independently associated with FTIS; this is an innovative finding. A CDR has been 

identified and the application of it will attempt to improve the vessel health and 

preservation of patients attending the ED. This innovation creates an opportunity for 

further research to improve FTIS and reduce PIF for people requiring a PIVC.  

 

Final summary  

The PIVC is indispensable in healthcare. This research identified clinical decision 

rules, which can now be further developed and tested to improve vascular access 

outcomes. When inserted in the ED as many as seven health professional groups 

provide PIVC insertion. This PhD has clearly identified patient and clinician factors 

that are associated with a risk of failure in 29% of the population. The CDR 

identified from the findings of this research for PIVC insertion in the ED is that in 

older patients without visible/palpable veins FTIS PIVC is more likely when 

insertion is undertaken by a clinician with the greatest expertise and confidence.  

 

Once the ED PIVC is successfully inserted, it is associated with a 30% PIF rate 

which is consistent with other reports. As a result, another insertion cycle 

commences. Post-insertion failure can be reduced if the PIVC inserted in the ED 

where possible is inserted in the upper arm region with the use of ANNT KPP. This 

research contributes to the scientific literature and debate regarding PIVC insertion in 

the ED and maintenance thereafter. The outcomes produced from this PhD research 

intend to reduce the number of PIVC insertions by implementation and further 

development of the CDR in postdoctoral work.  
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Appendices 

Appendix A: Search strategy for Scoping Review  

Search strategy for Medline and CINAHL.  

1     Catheterization, Peripheral/mt, st, ut [Methods, Standards, Utilization] (2034) 

2     limit 1 to (english language and humans and "all adult (19 plus years)") (719) 

3     (tool* or rule* or algorithm*).mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, keyword heading word, protocol 

supplementary concept word, rare disease supplementary concept word, unique 

identifier] (777152) 

4     2 and 3 (20) 

Additional studies that focused on difficult insertion in the Emergency Department 

(ED) were retrieved from EMBASE and The Cochrane Database of Systematic 

Reviews, Google Scholar using the search terms: “peripheral intravenous 

cannulation”, “difficult vascular access insertion” “Vascular Access Device”, 

“Catheterization”, “Peripheral Catheterization” and “Peripheral Cannula*”. 
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Appendix B Data collection tool Phase 1, part 1 

 
  

SCGH	ED	Peripheral	Intravenous	Cannula on	(PIVC)	Audit				

Please	“X”	your	answer	and	fill	in	the	boxes	

  
  
  

  
  
  

 P
R

IO
R

 T
O

 I
N

S
E

R
T

IO
N

  

Affix	Pa ent		
S cker	here	

The	
Pa ent	

Pa ent	size		
	
Pa ent	height																																																													Pa ent	weight	
	
Pa ent’s	Observa ons	(if	available)	
	
Pa ent	skin	shade	

Emaciated	 Under	wt	 Normal	 Over	wt	 Obese	

You	

What	is	your	role	and	level	in	ED?			
	
Es mated	number	of	successful	IV	cannula ons	ever?	
	
How	long	have	you	been	placing	IV’s?	

Reason	
for	IV	
Access		

Vein	
Assess
ment,	
IV	

choice	

&	
Success	
es mate		

What	is	the	likelihood	you	will	achieve	1st	a empt	cannula on	success	on	this	pa ent?	
	

	
	
	

	
	

				0%																																																																		50%																																																															100%	

Le 	 Right	

Hand	
Low	

forearm	
Upper	
forearm	

Cubital	
fossa	

Upper	
arm	

14	G	 16	G	 18	G	 20	G	 22	G	 24	G	

Side	selected	(1st	a empt)		
	
	
	

	
	

Site	selected		(1st	a empt)	
	
	
	

Size	cannula	(1st)	

kg	cm	

Blood	tests														No																			or				Single	set																				or					Serial	tests	
	
IV	therapy															No																			or					Possible																					or								Definite	
	
IV	therapy	(“X”	all	relevant)			 Fluids	 An bio cs	 Analgesia	 Other_______________	

Is	there	a	visible	vein	(with	tourniquet)?	

Is	there	a	palpable	vein	(with	tourniquet)?	

If	so	what	is	its	diameter?	(see	ruler	marked	on	side	of	paper)	

How	many	reasonable	cannula on	sites	are	there	on	the	arm	you	have	chosen?	

	

	

	

____________mm	

Yes	

Yes	

No	

No	

Pulse	_________	 BP	_____/_____mmHg	

0	 1	 2	 3	 >	3	

List	any	other	factors	that	may	make	this	cannula on	difficult	

Upper	
forearm	
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Appendix C Ethics approval letters for Phase 1 and 2 

 

 
 

 

 

  



 172 

  



 173 

 

 
 

 

 

 

 



 174 

 



 175 

 
  



 176 

Appendix D Consent forms for SCGH and FSH  

 

 

 
 

 

 

 

 

 

 

 

Vader Study Participant Consent Form v1 30/03/15 
1 

 

 
Vader Study Participant  

Consent Form  

Title: Risk Factors for peripheral intravenous cannula insertion failure in the 

Emergency Department. Time for a Vascular Access Decision in the Emergency 

Department: 
Short Title: The VADER Study. 

Protocol Number: 2014-138 

Project Sponsor: Griffith University and The University of Western Australia. 

Coordinating Principal Investigators/ Principal Investigators:  

Peter J Carr & Assoc Prof James Rippey.  

Associate Investigator(s) Dr Niall Higgins, Prof Marie Cooke, Prof Claire Rickard 

Location: SCGH QEII Medical Centre Nedlands Perth WA.  

 

Declaration by Person Responsible 
 

I have read the Participant Information Sheet or someone has read it to me in a language that 

I understand.  
 

I understand the purposes, procedures and risks of the research described in the project. 
 

I have had an opportunity to ask questions and I am satisfied with the answers I have 

received. 
 

I freely agree to taking part in this research project as described and understand that I am free 

to withdraw at any time during the duration of the study. 
 

 

I give permission for Peter J Carr & James Rippey or any researcher who may be involved 

in The VADER Study to observe me insert peripheral intravenous cannulae in SCGH ED for 

the purposes of The VADER study.  
 

 

    

   Name of Participant (please print)   

    
 Signature of Participant   Date   

 
 

Declaration by Peter Carr & James Rippey
† 

 

I have given a verbal explanation of the research project, its procedures and risks and I 

believe that the participant has understood that explanation. 

 

    
   Name of Researcher (please print)   

    

 Signature of Researcher   Date   

 
 
†
 Peter Carr and/or James Rippey will provide the explanation of, and information concerning, the VADER Study.  

Note:	All	parties	signing	the	consent	section	must	date	their	own	signature 
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Vader Study Participant Consent Form FSH 27/09/2015 

Based on SCGH v1 30/03/15 

1 

 

                                                                                     

 

VADER Study Participant  

Consent Form  

Title: Risk Factors for peripheral intravenous cannula insertion failure in the 

Emergency Department. Time for a Vascular Access Decision in the Emergency 
Department: 
Short Title: The VADER Study. 

Protocol Number: 2014-138 

Project Sponsor: Griffith University and The University of Western Australia. 

Coordinating Principal Investigators/ Principal Investigators:  

Peter J Carr & Assoc Prof James Rippey.  

Associate Investigator(s) Dr Niall Higgins, Prof Marie Cooke, Prof Claire Rickard 

Location: Fiona Stanley Hospital, Murdoch, Perth WA.  

 

Declaration by Person Responsible 
 

I have read the Participant Information Sheet or someone has read it to me in a language that 

I understand.  
 

I understand the purposes, procedures and risks of the research described in the project. 
 

I have had an opportunity to ask questions and I am satisfied with the answers I have 

received. 
 

I freely agree to taking part in this research project as described and understand that I am free 

to withdraw at any time during the duration of the study. 
 

I give permission for Peter J Carr & James Rippey or any researcher who may be involved 

in The VADER Study to observe me insert peripheral intravenous cannulae in SCGH ED for 

the purposes of The VADER study.  
 

 

    
   Name of Participant (please print)   

    

 Signature of Participant   Date   

 
 

Declaration by Peter Carr & James Rippey
† 

 

I have given a verbal explanation of the research project, its procedures and risks and I 

believe that the participant has understood that explanation. 

    
   Name of Researcher (please print)   

    
 Signature of Researcher   Date   

 
 
†
 Peter Carr and/or James Rippey will provide the explanation of, and information concerning, the VADER Study.  

Note:	All	parties	signing	the	consent	section	must	date	their	own	signature 
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Appendix E Additional publication on clinician confidence and FTIS 
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Appendix F: Case Report Form for Phase 2 
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Appendix G Ward follow up Phase 2 part 2 
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Appendix H Proposed clinical utility questions 

 

Clinical Utility  

When was the last time you attended a PC education session? 

Did you ever attend an accredited or formal training session on PC? 

How many years ago?  

Is the VADER algorithm is easy to use? 

Is it better positioned on the IV starter packs or on hospital chart? 

Is it time consuming? 

Does it help with assessment and is it easy to understand and follow? 

The information used is easily transferable into medical, nursing, EDIS and patients 

records?   

 

Clinical Applicability 

When do you ask for help with cannulation?  

Before I try if I think I will miss, After 1 failed attempt, After 2 failed attempts, After 

3 failed attempts, After 4 failed attempts,  

Who is the first person you would usually ask for help with cannulation?  

A colleague of the same level or A more experienced colleague (what 

role)___________, 

I don't ask for help. 

 

Is the VADER tool appropriate for ED PC insertions? 

Is it readily accessible as an algorithm? 

It is a practical clinical algorithm? 

You find it acceptable to use in the clinical environment. 

 Has your success rate improved? 

 Are you more likely to use vessel locating devices? 

 Are you more likely to insert smaller cannula?   

 Do you think patients will endure fewer PC attempts using this algorithm?  
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