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Abstract 

Purpose 

The purpose of this research was to assess the feasibility of the trial design and 

elements for future extensive study to provide evidence of the effectiveness of novel 

dressing/securement technologies to prevent catheter failure in peripheral arterial 

catheters in a larger research setting. 

 

Background 

Peripheral arterial catheters are a type of intravascular catheter that is widely used in 

the care of critically ill patients. The catheter insertion site is usually covered with a 

commercially produced transparent dressing to maintain the position of the catheter, 

as well as endeavouring to prevent microbial entry to the wound. Arterial catheters 

may accidentally fall out, become blocked, or become infected, causing catheter 

failure, interrupted therapy, painful reinsertion, and decreased patient satisfaction. 

The infection risks of arterial catheters have often been underestimated. Inadequate 

peripheral intravascular catheter securement remains a poorly researched area of 

patient care, with a paucity of quality studies. Improved securement would likely 

prevent many cases of catheter failure.  

 

Aims and Objectives 

The aim was to determine initial effectiveness of one dressing and two securement 

methods with the potential to minimise failure in peripheral arterial catheters 
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compared with usual care, in a pilot study. Specified feasibility objectives for this 

pilot trial were to be considered successful if 90 out of 120 patients (75%) fulfilled 

the feasibility criteria regarding recruitment, delivery and adherence, retention, and 

patient/staff satisfaction with the study products. This would show that the research 

methods were suitable for use in a larger trial. 

 

Design 

A four-arm, parallel, single site, superiority pilot trial of randomised controlled 

design was performed to provide initial background research for a potential future, 

larger randomised controlled trial. It was intended to function as a test to ensure that 

the future larger trial was designed optimally, and able to be implemented in practice, 

and that the novel interventions were feasible choices. 

 

Interventions 

Patients were randomised to three experimental groups of a bordered polyurethane 

dressing, a sutureless securement device and tissue adhesive, and one control group 

of a usual care polyurethane dressing. 

 

Population and sample 

The study population consisted of patients with arterial catheters inserted in the 

operating theatre and admitted to the intensive care unit post-operatively at a 

metropolitan, tertiary referral, teaching hospital. The study sample of 120, with 30 per 
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group, was drawn from all surgical patients for post-operative admission to the 

intensive care unit who met the inclusion criteria. 

 

Data collection and management 

A standardised data collection tool was developed and then adapted by Griffith 

University Information Technology Services for use on a personal laptop computer 

by the Principal Investigator. A paper data collection form mirrored some of the 

computer-based data points and was kept at the bedside for convenient documentation 

by intensive care nurses. Arterial catheter failure and reason for unplanned removal 

(occlusion, dislodgement, loss of monitor trace, and pain), as well as staff satisfaction 

and timing for application, and patient and staff satisfaction for removal of the 

products were recorded. Predefined criteria for type of failure, time, and satisfaction 

were compared with observed results. 

 

Data analyses 

The statistical analyses of this pilot work were mainly descriptive, and reporting 

strategies used the confidence interval approach for estimation of sample size to 

establish feasibility. If 75% of patients received the study intervention and protocol 

correctly, and had ease and satisfaction scores for the study dressing and securement 

devices of ≥ 7 on Numerical Rating Scale scores 1-10, future study would be feasible. 

Survival analyses were performed to assess the effect of study group on outcomes 

over time. Univariable and multivariable Cox proportional hazards regression models 

assessed independent relationships between explanatory variables and the 
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dichotomous outcome of device failure. Cost effectiveness analysis was performed by 

applying value of information analysis to avoiding catheter failure. 

 

Results 

There were 132 patients recruited over 32 weeks. Arterial catheter failure ranged 

from 2/32 (6.3%) for tissue adhesive, 4/30 (13.3%) for bordered polyurethane to 5/31 

(16.1%) for the sutureless securement device, and 6/30 (20%) for the control usual 

care polyurethane dressing (Fisher’s exact test p = .14, .73, and .75 respectively). The 

effect sizes of bordered polyurethane, the sutureless securement device, and tissue 

adhesive were absolute reductions of 6.7%, 3.9%, and 14% compared to controls. 

Cox regression analysis confirmed non-significant differences between the control 

and all experimental group failure rates. However, being a current smoker, female, 

and skin colour “other than moderate brown” were significant predictors of failure (p 

= .05). Kaplan-Meier survival curves confirmed no difference in failure between all 

experimental groups and the control (log-rank p = .56). Research pre-study 

commencement workload was 151 hours, and mean total daily time over 12 days 

taken for all research tasks was 5.2 hours/day. All interventions had feasible 

numerical rating scale scores for patient product removal and overall patient 

satisfaction. Tissue adhesive and the sutureless securement device had statistically 

significant worse scores for staff ease of application compared to controls (both p < 

.05), although tissue adhesive still had a feasible score. Cost analysis suggested that 

tissue adhesive and bordered polyurethane were the most cost effective of the 

interventions and the control. 
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Discussion 

All three study interventions were shown to be feasible options. This pilot trial 

showed that the novel technologies were at least as effective as the present method of 

a polyurethane dressing for dressing and securement of arterial catheters, and may be 

cost effective.  

 

Conclusion 

This pilot study provides evidence that it is feasible to perform a larger randomised 

controlled trial comparing these dressing and securement methods for arterial 

catheters inserted in the operating theatre, and cared for in the intensive care unit.  
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Chapter 1: Introduction 

1.1 Introduction 

The peripheral arterial catheter (AC) is a type of intravascular catheter which 

is used frequently worldwide in the routine practice of modern healthcare. Estimates 

show that over 100,000 peripheral ACs are used in Australia and New Zealand per 

annum (Australian and New Zealand Intensive Care Society (ANZICS), 2013), with 

nearly 14,000 inserted each year in Australia for coronary artery bypass graft surgery 

alone (Australian Institute of Health and Welfare, 2009; Stillman & Soloniuk, 2000). 

All types of intravascular catheters have widespread use worldwide, which is 

demonstrated by the annual purchase of 330 million intravascular catheters by clinics 

and hospitals in the United States of America (USA) (Hadaway, 2012; Mermel et al., 

2009). Intravascular catheters are designed according to their intended duration of 

use—short term or long term—and purpose, with insertion into an artery or a vein, 

which may be or peripheral or central. Insertion of all intravascular catheters involves 

an invasive procedure with an associated risk of complications which may be 

extremely serious in ACs, such as accidental removal leading to life-threatening 

haemorrhage, as well as dislodgement and catheter-related infection (CRI). The most 

severe type of CRI is catheter-related blood stream infection (CRBSI). An estimated 

total of 250,000 CRIs are reported annually in the USA, across the entire hospital 

patient population in all catheter types. Approximately 80,000 of these infections are 

CRBSIs occurring in critically ill patients in intensive care units (ICUs) (O'Grady et 

al., 2011). CRBSIs which occur in ACs and other intravascular catheters, have 
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important implications for patient care as they incur hospital costs of $US 1.2 million 

annually (Centres for Disease Control (CDC), 2011), and increase patients’ lengths of 

hospital stay (Dimick et al., 2001; Warren et al., 2006). The substantial costs of CRIs 

create an imperative for healthcare providers to improve patient outcomes and reduce 

healthcare expenses regarding morbidity and financial resources (O'Grady et al., 

2011). All catheter-related complications may be classified as either mechanical or 

infectious, and have the potential to lead to catheter failure and associated patient 

suffering, prolonged hospitalisation, higher healthcare costs, and increased 

morbidity/mortality.  

Nurses have a pivotal role in preventing catheter-related complications, and 

are largely responsible for post-insertion care of intravascular devices, in particular 

dressings and securement. A key factor in preventing complications is that catheters 

are effectively dressed and secured to the skin, with the open wound appropriately 

covered. Ineffective dressing and securement of catheters may lead to catheter failure 

prior to treatment completion from the complications of dislodgement, accidental 

removal, occlusion, thrombosis, severe pain, and localised or blood stream infection.  

1.2 Background 

The peripheral AC is an intravascular catheter that is widely used in the care 

of critically ill patients, and has become a vital component of contemporary critical 

care management. ACs are inserted into a peripheral artery and are used for 

continuous blood pressure (BP) monitoring and frequent blood sampling for blood 

tests, including blood gas analysis. These procedures are performed as part of usual 



ARTERIAL CATHETER DRESSING AND SECUREMENT  

 

3 
 

care in the operating theatre (OT) and ICU. With annual usage of ACs previously 

reported as eight million in the USA, and 2.5 million in Europe (Gardner, 1990; 

Gowardman, Lipman, & Rickard, 2010; Scheer, Perel, & Pfeiffer, 2002), there has 

been no recent change in the prevalence of AC use in ICU settings (Gershengorn et 

al., 2014).  

The intention of AC dressings and securement is to hold the catheter in place 

and prevent infection. The insertion site of an AC is usually covered with a 

commercially produced transparent dressing, which assists in maintaining the 

catheter’s position as well as endeavouring to prevent microbial entry to the wound. 

ACs, like other intravascular catheters, may accidentally fall out or become partially 

dislodged. Catheter failure due to dislodgement and other complications is a common 

problem affecting a large number of patients each year, with only limited reporting in 

ACs, but wide reporting in IV catheters. A Spanish study of ACs has reported 

accidental removal at the rate of 46.5 per 1000 catheter days from 296 peripheral ACs 

in 208 intensive care patients (Carrión et al., 2000). Peripheral IV catheter failure 

rates in the USA range from 50% to 80% (Delp & Hadaway, 2011; Royer, 2003). 

Such data highlight the important problems of AC failure and IV catheter failure. An 

Australian Incident Monitoring Study in Intensive Care (AIMS-ICU) with data of 376 

AC incidents, found inadequate securement was the most commonly reported 

complication on insertion, with 69% of 58 reported insertion problems relating to 

securement. There were also 24% of 249 incidents about AC use and maintenance, 

which reported dislodgement and inadvertent removal (Durie, Beckmann, & Gillies, 
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2002). These problems occurred frequently in patients with ACs inserted in the OT 

prior to post-operative care in ICU (Durie et al., 2002). 

Improved securement would likely prevent many cases of catheter failure in 

ACs, as well as all catheter types, from accidental removal, dislodgement, occlusion, 

and infectious complications. The infection risks of ACs have often been 

underestimated (Maki, Kluger, & Crnich, 2006). The prevailing opinion that 

peripheral ACs have a low infection risk contradicts CDC clinical data, which report 

that CRBSI incidence in ACs is similar to that in short-term CVCs (O'Grady et al., 

2011). The risk of a patient developing a CRBSI from a peripheral AC is now 

beginning to be accepted as approaching the risk of blood stream infection in CVCs 

(Mermel et al., 2009). Recent strong evidence from a systematic review and meta-

analysis found ACs contributed substantially to the incidence of CRBSI (O'Horo, 

Maki, Krupp, & Safdar, 2014). Like all intravascular catheters, peripheral ACs break 

the patient’s skin integrity and provide a potential portal of entry for microorganisms, 

which may lead to complications of catheter-related tissue or blood stream infection.  

Inadequate peripheral intravascular catheter securement remains a poorly 

researched area of patient care, and has been identified as a priority for improvement 

(Schears, 2006). Preventing intravascular catheter failure is an important patient care 

outcome, as failure interrupts therapy, necessitates painful reinsertion, and reduces 

patient satisfaction (Bausonne-Gazda, Lefaiver, & Walters, 2010). Most important, 

care of peripheral ACs is a core skill of specialty anaesthetic and ICU nurses, whose 

roles facilitate the prevention of catheter failure. There is a paucity of quality studies 
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reporting the efficacy of dressing and securement methods in ACs, despite the great 

clinical need and the high costs of products to hospitals. 

1.3 Dressings and Securement for Peripheral Arterial Catheters 

Specific dressing recommendations for ACs are not provided in the CDC 

Guidelines for the Prevention of Intravascular CRIs. However, sterile gauze or 

sterile, transparent, semi-permeable dressings are recommended to cover the CVC 

site, based on the high-level evidence of randomised controlled trials (RCTs) (Madeo, 

Martin, Turner, Kirkby, & Thompson, 1998; Maki, Stolz, Wheeler, & Mermel, 1994; 

O'Grady et al., 2011). Another CDC recommendation is for the use of SSDs in all 

intravascular catheters as the preferred method for securement instead of sutures, to 

reduce the risk of infection and needle stick injury (O'Grady et al., 2011).  

Various dressings are used over the AC site in clinical practice, including 

small and large transparent, semi-permeable dressings such as Tegaderm™ (3M™, St 

Paul, 2013b) and Opsite® (Smith & Nephew, North Ryde, 2013). These may include 

an additional reinforced opaque adhesive border, for example Tegaderm™ I.V. 

Advanced (3M™, St Paul, 2013a). Traditionally, these dressings have been used in 

conjunction with adhesive tape to secure the AC tubing. An alternative to tape is a 

precision-made SSD specifically for use with ACs, such as the StatLock® Arterial 

Stabilization Device (Bard®, Salt Lake City, 2013; Stephenson, 2005). The 

transparent dressings, tapes, and SSDs used for ACs are also used for IV catheters. 

As there is limited research on ACs, IV catheter studies are useful reference points for 

research investigating dressing and securement of peripheral ACs (Alekseyev et al., 
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2012). Tissue adhesive (TA) which is also known as skin glue, has many surgical 

applications. It has to date, only been used in a limited capacity for the securement of 

intravascular catheters, and provides another alternative to sutures or SSD. There 

have been only a few small studies of the use of TA to secure CVCs and epidural 

catheters (Wilkinson & Chikhani, 2007; Wilkinson & Fitz-Henry, 2008; Wilkinson, 

Sheikh, & Jayamaha, 2007). Using TA with ACs has not previously been reported. 

1.4 Research Purpose, Problem, Question Aims and Objectives 

1.4.1 Purpose. 

            The purpose of this research was to assess the feasibility of the trial design 

and elements for future extensive study to provide evidence of the effectiveness of 

novel dressing/securement technologies to prevent catheter failure in peripheral ACs 

in a larger research setting. 

1.4.2 Problem. 

The identified research problem is that it is not known which dressing/ 

securement method is the most effective in reducing AC failure. 

1.4.3 Research question. 

The resultant research question is: Is the problem of which is the most 

effective dressing/securement to reduce failure in ACs feasible to study in a larger 

research trial?  

1.4.4 Aims. 

The specific aim is to assess the feasibility of studying dressing and 

securement methods of ACs in a larger research trial by determining the feasibility of 
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the research methods and the preliminary effectiveness of novel dressings and 

securement methods to reduce AC failure, inserted in the OT and cared for in the 

ICU.  

1.4.5 Objectives. 

The following seven objectives were designed to facilitate achieving the aims 

of the research: 

 To assess the feasibility of use for the study products. 

 To assess the feasibility of the research processes, specifically: eligibility 

criteria, recruitment, retention, attrition and protocol adherence. 

 To assess the feasibility of resources to run a larger trial: required time, 

budget, facilities and scheduling. 

 To assess the feasibility of management for the research: personnel and 

training needs, coordination, data handling, intervention acceptance and 

satisfaction, as well as ethical considerations. 

 To assess the feasibility of the scientific aspects of the research regarding the 

delivery and nature of the interventions, safety and efficacy, viability, design, 

instruments, randomisation, and missing data. 

 To provide initial estimates of effectiveness and effect size to guide sample 

size calculations that would influence the feasibility of future research. 

 To perform quantitative statistical analyses as a guide to trends and feasibility 

of the proposed data analyses for the larger trial. 
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1.5 Research Title and Description 

The title of this research study is “The dressing and securement of peripheral 

ACs: A pilot randomised controlled trial”. The study is a four-arm, parallel trial of 

randomised controlled, superiority design and is a pilot study to test the feasibility of 

performing a larger, definitive RCT at a later time. The commercially available 

securement methods bordered polyurethane (BPU) and an SSD, as well as the novel 

use of tissue adhesive (TA), also known as skin glue, are tested to dress and secure 

peripheral ACs, in comparison with usual (standard care) polyurethane dressings. 

1.6 Significance 

Inadequate securement and accidental dislodgement of ACs were frequently 

reported complications in the AIMS-ICU database, with inadequate securing of the 

catheter often occurring after insertion in the OT (Durie et al., 2002). Poor 

securement can contribute to catheter failure, leading to interruptions in therapy 

during critical care. It also increases the infection risk associated with additional 

catheter handling while the catheter is insecure, or during the additional insertion 

procedure to replace the failed catheter. The anaesthesia practice setting has been 

identified as a focal area for potential infection risk in the OT (Smith, 2010), which is 

important for AC insertions in this environment. There are currently few published 

studies focusing on AC dressing and securement, and the sheer number of patients 

requiring ACs each year makes this research important. The results will likely 

influence current AC care. As a test of feasibility, the pilot study is vital to establish 

preliminary performance of the dressing and securement products, to explore 
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practical applications for later studies, to ascertain potential harm, and to evaluate the 

logistics of trial performance (Loscalzo, 2009). 

1.7 Clinical Practice Guidelines 

This research study was grounded in a clear understanding of the term 

“guidelines” which provide practitioners with guidance and direction in decision 

making. Several such guidelines exist in the field of intravascular device care, yet due 

to minimal research in the area, they provide little advice specific to ACs, as opposed 

to other catheter types. Since guidelines are broad statements of good practice 

formulated at national and regional level (Flynn & Sinclair, 2005; Institute of 

Medicine, 1992), it is anticipated that this research will be used to inform and shape 

future guidelines, so as to assist practitioners with decision making in their care of 

patients with ACs. 

1.8 Thesis Structure 

This thesis is divided into six chapters as follows: 

Chapter 1: Is an introduction providing the background and significance of 

the research study. It also defines the research problem and question, the aims, 

objectives and the thesis structure. 

Chapter 2: Consists of a review of the literature concerning peripheral ACs. 

A search strategy is outlined, definitions are provided, and explanations of use and 

potential complications are given in relation to the literature about inadequate 

dressing and securement that result in catheter failure. Further literature review 
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discusses the interventions to prevent complications and catheter failure in peripheral 

ACs. 

Chapter 3: Describes the research method and includes the design, guiding 

questions, hypotheses, dependent and independent variables, the sample, data 

collection, data management, statistical analyses and ethical considerations. 

Chapter 4: Reports the results of the study in terms of sample characteristics, 

feasibility outcomes, initial intervention effects on primary and secondary outcomes, 

and costs. 

Chapter 5: Discusses the findings of the research study in comparison to the 

research questions and aims, and relates their relevance to the existing literature and 

limitations. Conclusions are reached and recommendations are made for further 

research. 

Chapter 6: Presents a summary of the study, the findings that answer the 

research questions, and the conclusions drawn from the research. 

1.9 Conclusion 

Peripheral ACs are intravascular devices used frequently in both OTs and 

ICUs internationally. Catheter failure occurs, but there is a lack of evidence as to the 

extent of the problem. AC failure may lead to adverse patient outcomes such as 

haemorrhage, interruption to critical therapy and infection. Failure may be prevented 

or reduced by using effective dressing and securement techniques to ensure AC 

patency. This study will provide robust pilot data regarding the feasibility of large 

scale research into improving the dressing and securement methods for ACs inserted 
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in OT environments and cared for post-operatively in ICU. Preliminary outcomes will 

also be presented. The results and conclusions will facilitate future research to 

provide best evidence-based practice for optimal patient outcomes. This chapter has 

introduced the concepts of AC dressings and complications, and outlined the research 

aims, objectives, approach, significance and thesis structure. Chapter Two will now 

provide an in-depth review of the literature pertaining to ACs explaining their use and 

potential complications, and placing inadequate dressing and securement of ACs in 

the context of catheter failure.  



ARTERIAL CATHETER DRESSING AND SECUREMENT  

 

12 
 

Chapter 2: Review of the Literature on Dressing and 

Securement of Peripheral Arterial Catheters 

 

2.1 Introduction       

A literature review was performed to locate and critique the literature about 

dressing and securement of peripheral ACs. The search strategy and the structure of 

the review are as follows: 

Search Strategy 

 A literature search of the following electronic databases was made to identify 

reports of relevant RCTs: 

 The Cochrane Wounds Group Specialised Register; The Cochrane Central 

Register of Controlled Trials (CENTRAL) (latest issue); 

 Ovid MEDLINE (1946 to present); 

 Ovid EMBASE (1974 to present); 

 EBSCO CINAHL (1982 to present). 

The following search strategy was used in CENTRAL with MeSH descriptors 

catheterization, peripheral, peripheral arterial catheter, AC, occlusive dressings, 

securement device, StatLock®, tssue adhesive, skin glue, occlusive, gauze, tape,  

polyurethane,  permeable, nonpermeable, non-permeable, transparent, antimicrobial, 

anaesthesia, anesthesia, intensive care, ICU, Opsite®, Tegaderm™, Micropore™, and 

Hypafix®. The Ovid MEDLINE search was combined with the Cochrane Highly 

Sensitive Search Strategy for identifying randomised trials in MEDLINE, and the 
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EMBASE search was combined with the Ovid EMBASE filter developed by the UK 

Cochrane Centre. (Lefebvre, Manheimer, & Glanville, 2011). The following clinical 

trial registries were also searched: 

 ClinicalTrials (http://www.clinicaltrials.gov/) 

 WHO International Clinical Trials Registry Platform 

(http://apps.who.int/trialsearch/Default.aspx) 

 EU Clinical Trials Register (https://www.clinicaltrialsregister.eu/) 

This strategy was then adapted to search Ovid MEDLINE, Ovid EMBASE, EBSCO 

CINAHL, Google and Google Scholar for all studies and articles. The reference lists 

of all relevant publications which were retrieved were also searched for articles which 

had not been identified by the methods described above. Studies were not restricted 

with respect to language, or date of publication.  

Structure 

The literature review begins with information to explain the use of peripheral 

ACs, and a critique of current literature about peripheral AC-related complications. 

The review then gives specific attention to literature regarding dressing and 

securement interventions for ACs. The literature is reviewed in relation to catheter 

description and definition, history, use and potential mechanical and infectious 

complications. Discussion of complications covers descriptions of types, incidence, 

infectious pathogenesis, risk factors and associated outcomes. Literature about 

dressing and securement interventions to prevent these complications is then 

discussed, with a focus on evidence about the effect of different dressings and 
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securement, and their relationships with catheter failure. Known applications and 

benefits of different dressing and securement methods are highlighted. With a paucity 

of direct AC evidence, it is known that ACs share similarities with peripheral IV 

catheters: both are short catheters generally placed in the wrist or forearm, with the 

device often identical, for example a 20 gauge IV cannula, which is placed in an 

artery rather than a vein, as an alternative to customised ACs. In view of this, 

reference is sometimes made to IV catheter literature, as well as literature which 

compares aspects of ACs to CVCs and discusses intravascular catheters in general, as 

in the CDC Guidelines (O'Grady et al., 2011). It is acknowledged however, that 

literature about other intravascular devices is not generalisable to ACs without further 

research, and is only used to provide examples and inform in a limited capacity. 

Reference is made to tissue adhesive (TA) as a new method for securing ACs. A 

detailed account of the literature of this product includes product history, current 

scope of use in healthcare, antimicrobial properties, and role in catheter and tube 

securement. Finally, gaps in the literature and areas for needed research will be 

emphasised. 

2.2 Peripheral Arterial Catheter Description and Function 

Peripheral ACs are thin, hollow, single lumen tubes similar to peripheral IV 

catheters, which occupy the artery instead of the vein. Both are typically inserted into 

the wrist or upper arm, and occasionally into the lower limbs. ACs are short, straight-

sided and have a circular lumen to minimise the effects of the catheter on blood flow 

to the distal limb. Their structure promotes laminar flow and minimises increases in 
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turbulence within the lumen of the catheter, and at the catheter tip (Hignett & 

Stephens, 2006). Hospital staff use them to continuously monitor BP and to perform 

blood sampling, while maintaining catheter patency with a flush device. Peripheral 

ACs may be described according to their vessel of occupation, intended life span, site 

of insertion, physical length, or according to some special characteristic (O'Grady et 

al., 2011). These catheters are commonly made of polytetrafluoroethylene (Teflon) or 

polyurethane. Both Teflon and polyurethane catheters are associated with fewer 

infectious complications than catheters of polyvinyl chloride or polyethylene (Maki 

& Ringer, 1991; Sheth et al., 1983). The catheter material is selected according to 

elasticity and resistance to breakage, as well as the risk of obstruction (Bouza, 

Guembe, & Muñoz, 2010). Teflon minimises clot formation (Young & Burdett, 

2006). It is strong, stiff and smooth, but kinks easily. The stiffness, while promoting 

easy placement, may contribute to endothelial and vascular mural injury (King et al, 

2008). Polyurethane is considered by many to be superior to Teflon, as it successfully 

combines the desired attributes of biocompatibility, stiffness, softness and 

smoothness (College of Respiratory Therapists of Ontario, 2008; King et al.,  2008; 

Vasquez, Burd, Mehta, Hiatt, & Hegyi, 2003). A peripheral AC is inserted through 

the skin and then through three layers of the arterial wall: the tunica adventitia, the 

tunica media, and the tunica intima. This provides opportunity for microorganisms to 

be introduced into arterial circulation, the arterial wall and surrounding tissue, with 

the potential for infection. 

Cannulation of a peripheral artery provides the ability to continuously 

measure intra-arterial BP. This direct BP measurement provides continuous 
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information, in contrast to the intermittent values required in less severely ill and 

stable patients. Since the 1960s, rapid changes in cardiovascular status on a beat-by-

beat basis have been shown using AC monitoring. Visual displays show the changing, 

uninterrupted amplitude, the character of the arterial pressure waveform, along with 

the digitally displayed systolic, diastolic and mean arterial pressures (Smith & 

Saidman, 1978). Peripheral ACs also allow for measuring blood gas levels and other 

blood values in the critically ill, by providing access for frequent blood sampling 

through ports in attached AC pressure monitoring tubing (O’Grady et al., 2002). This 

reduces the risk of needle stick injuries that may occur while performing arterial 

puncture or venepuncture, and arterial or venous tissue damage to patients caused by 

repeated punctures. 

Peripheral ACs are usually inserted in the radial artery, close to the wrist, but 

can also be placed in the femoral, axillary, brachial or posterior tibial arteries 

(O’Grady et al., 2002). The diameter of vascular catheters is designated in either the 

gauge or French measurement systems; in the French measurement system, each unit 

(1 Fr) is equivalent to 0.33 mm outer diameter (King et al., 2008). The length of a 

peripheral AC is less than 8 cm (3 in.) (O'Grady et al., 2011). The preferred size for 

peripheral artery cannulation in adults is a small 20 gauge catheter, which provides 

adequate function while minimising complications. The incidence of thrombus is 

related to the degree to which the catheter occupies the lumen of the artery (Scheer et 

al., 2002). The diameter and length of the catheter have a significant impact on 

medical use (King et al., 2008). A shorter catheter is most suitable for radial insertion. 

Peripheral ACs are non-tunnelled, non-cuffed, and are not routinely impregnated with 
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antibiotics, antiseptics or heparin (O'Grady et al., 2002). A standard 20 gauge IV 

catheter may be used.  

There are several manufacturers of custom-made ACs. Commonly used ACs 

are the Vygon® Arterial Leader-Cath (PE) (Vygon®, Ecouen, 2013) and the 

Arrow®, radial AC (Arrow®, Reading, 2013) (see Figures 2.1 and 2.2). 

 

 

  

 

Figure 2.1. Vygon® Arterial Leader-Cath (PE) (Vygon®, Ecouen, 2013). 
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Figure 2.2. Arrow® arterial catheter (Arrow®, Reading, 2013). 

 

 

 

The Vygon® AC is a transparent, polyethylene catheter with a winged, red 

hub for easy identification as an AC. Both these catheters are supplied with 

introducer needles and guidewires for placement using the Seldinger technique. With 

this method, the desired vessel is punctured with a sharp, hollow needle called a 

trocar. A round-tipped guidewire is advanced through the lumen of the trocar, and 

then the trocar is withdrawn. Next, a blunt cannula is passed over the guidewire into 

the vessel, and on successful insertion, the guidewire is removed. The use of this 

Seldinger technique is recommended to facilitate easier cannulation in the presence of 
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atherosclerosis, and is frequently used in clinical practice (Higgs, Macafee, 

Braithwaite, Maxwell-Armstrong, 2005). 

2.2.1 History of blood pressure measurement with arterial catheters. 

In 1725, Bernoulli and Euler performed experiments to investigate the speed 

of blood flow and its related pressure in blood vessels (Bernoulli, 1738). These 

researchers initially worked with water in the natural environment, seeking to 

represent blood in the human body. They punctured the wall of a pipe they termed a 

conduit, and inserted an open ended straw. On introducing water into the conduit, 

they noted that the height to which the water rose up the straw was related to the 

fluid’s pressure in the pipe (Quinney, 1997). Considering these principles, an English 

clergyman Stephen Hales, who possessed a general curiosity concerning nature, 

measured the sap pressure in trees at various distances from the ground. Hales applied 

this interest to investigating the measurement of BP. He performed the first known 

direct measurement of arterial BP in 1733, by connecting glass tubing with a brass 

attachment to the flexible trachea of a goose. This system was later successfully 

inserted into the femoral and carotid arteries of conscious horses (Comroe, 1977; 

Hales, 1727, 1733). The technique for direct BP measurement was developed further 

by Jean-Louis Poiseuille in 1828, when he determined the pressure at various points 

along the aorta, to find surprisingly little decrease in BP between the beginning of the 

aorta and the smallest arteriole, disputing popular opinion at that time (Comroe, 1977; 

Zuck, 1997). Direct BP measurement using these techniques was accurate and 

reliable, but was not practical for routine use (Geddes, 1970).  
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Lambert and Wood (1947) first reported the use of strain gauge wires, which 

measure the strain of an object, in their development of advancements in practical BP 

measurement (Lambert & Wood, 1947). Strain is the resultant change in length that 

occurs when external forces are applied to a stationary object. The strain gauge was 

designed to convert mechanical motion into an electronic signal, so Lambert and 

Wood worked towards applying this principle to BP measurement. They used strain 

wires while studying human cardiovascular responses to gravitational forces using a 

human centrifuge. BP recordings were made at a distance from the subject. The strain 

gauge translated intra-arterial BP into continuous visual records. BP was converted to 

electrical signals, which were sent over the strain gauge wires to the central pole of 

the centrifuge, and then to another room (Comroe, 1977; Lambert & Wood, 1947). 

Shortly after this, the first successful clinical use of an AC to measure BP in humans 

was described, when 100 patients were monitored in the Department of 

Anesthesiology at the University Hospital of Pennsylvania (Peterson, Dripps, & 

Risman, 1949). A small plastic catheter made from synthetic polyvinyl resin was 

inserted into an artery through a needle, and was left in the artery when the needle 

was withdrawn. The tubing was flexible and elastic. However, the elasticity was not 

great enough to introduce a significant damping factor on the signal strength. Such an 

adverse influence would have affected the frequency of the haemodynamic 

monitoring system’s dynamic response. The optimal degree of elasticity was achieved 

by heating the plastic in an oven for 72 hours at 110°C (McGhee & Bridges, 2002). 

The catheter was then attached to a capacitance manometer, allowing BP recording 

for long periods, with relatively free patient mobility and comfort. Subsequent 
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progress in developing AC use was slow, and direct AC BP measurement only 

became commonly accepted in the late 1970s (Smith & Saidman, 1978). This 

historical account informs of the growth of the popularity of worldwide usage of ACs 

over time. 

2.3 Peripheral Arterial Catheter Use and Potential Complications 

ACs are connected to an arterial tubing set with an access/sampling port, 

pressurised flush bag, and transducer/amplifier/electrical recording system. Visual 

representation and numerical values are achieved by electrical translation of 

physiological data through the transducer mechanism. This method allows for the 

continuous, direct measurement of arterial BP, while also providing convenient 

access for sampling blood for analysis in the critically ill (Scheer et al., 2002; Young 

& Burdett, 2006). ACs are frequently inserted for short-term use during major 

surgery in the OT, and for post-operative care of patients in the ICU. Such short-term 

use is defined as < 14 days by Mermel et al (2009). The AC catheter is designed for 

both short-term and long-term use which is sometimes required for patients needing 

extended ICU stays. Accessing the catheter on multiple occasions to draw blood, 

especially during long-term use, augments the potential for contamination and 

subsequent clinical infection (O'Grady et al., 2011).  

ACs are not used to administer fluids or medications, with the exception that a 

slow, continuous infusion of heparinised saline or saline is used to alleviate stasis and 

prevent thrombus formation (King et al., 2008). A small, non-therapeutic dose of 

heparin has historically been added to flush solutions, with the belief that it 
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maintained patency of the AC. This is despite evidence indicating that heparin is no 

more effective than normal saline (Tuncali, Kuvaki, Tuncali, & Capar, 2005; Whitta, 

Hall, Bennetts, Welman, & Rawlins, 2006). In exceptional emergency circumstances, 

intra-arterial administration of medications—such as Vecuronium, Atropine and 

Fentanyl, as well as fluid—may be performed during the provision of anaesthesia. 

For example, such use was reported in two infants during cardiac surgery (Joshi & 

Tobias, 2007). Consideration of the irritating effects of medications on the artery was 

outweighed on these occasions by the life-threatening lack of venous access, which 

could not readily be obtained.  

The precise number of ACs used worldwide is unknown, although figures are 

likely to be high. In 1989, annual direct pressure measurements for all intravascular 

devices in the USA were approximately 11 million. It has been estimated that the 

eight million ACs inserted per year in that one country provided 75% of these 

invasive pressure measurements (Gardner, 1990). With an excess of 2.5 million ACs 

reported as inserted annually in Europe (Gardner, 1990; Gowardman et al., 2010; 

Scheer et al., 2002), 44% of critical care patients in European hospitals have arterial 

catheterisation for BP monitoring and blood sampling (Lorente, Santacreu, Martin, 

Jemenez, & Mora, 2006; Vincent, Bihari, Suter, & et al, 1995). More recently, the 

Australian healthcare system was reported to have 8.5 million hospital admissions in 

12 months, from 2008 to 2009 (Australian Institute of Health and Welfare, 2010), 

with the Australian and New Zealand Intensive Care Society (ANZICS) (Australian 

and New Zealand Intensive Care Society (ANZICS), 2013) reporting 147,828 critical 

care unit admissions in the 12 months from 2011 to 2012. Considering the proportion 
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of total hospital admissions in these two countries, and increasing AC use over time, 

it may be extrapolated that well in excess of 100,000 ACs would be used per annum 

in Australia and New Zealand. These would be used for ICU and other critical care 

admissions, including the emergency department and the OT. Clearly, many 

thousands are used by patients in Australia (and many millions more annually 

throughout the rest of the world) to permit vital monitoring and collection of blood 

samples. Understanding the extensive use of these intravascular devices leads to 

further knowledge regarding the significance of the many patients who may be 

affected by potential complications, when devices fail. 

A range of complications can occur following radial artery cannulation, 

including: haemorrhage associated with accidental dislodgement, haematoma, tissue 

ischaemia, gangrene, pseudo-aneurysm, local infection, sepsis, temporary or 

permanent catheter occlusion, permanent ischaemic damage, compartment syndrome, 

and sheared catheter fragments (Durie et al., 2002; Gowardman et al., 2010; Scheer et 

al., 2002; Vasquez et al., 2003). Incident rates for the most serious and potentially 

life-threatening complications of haemorrhage, permanent ischaemic damage, sepsis 

and pseudo-aneurysm formation are low, with fewer than 1% of patients affected 

(Scheer et al., 2002). However, permanent ischaemic damage can occur, even 

necessitating extremity amputation, with a resultant severe impact on patient welfare 

(Cannon & Meshier, 1982; Mangar & Laborde, 1993). Complications which occur in 

ACs may be categorised into mechanical and infectious complications, and these will 

now be discussed in greater detail.  
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2.4 Peripheral Arterial Catheter Mechanical Complications 

Mechanical complications may cause AC device failure. Small intravascular 

devices such as ACs, require effective securement to minimise movement of the 

catheter in the blood vessel. If an AC moves unduly, partial or complete 

dislodgement is likely to occur, causing device failure and a critical adverse event. 

Delirious or semi-conscious patients may move their arms, or even pull at the device, 

so securement must withstand these forces. Device failure from these complications 

will interfere with the fundamental haemodynamic monitoring and blood sampling 

functions of an AC.  

The national Australian Incident Monitoring Study (AIMS)-ICU study of       

7, 525 incidents, provided vital data regarding mechanical complications of ACs 

(Durie et al., 2002). There were 376 arterial cannulation incidents reported. As 

previously discussed (and to clarify), the most frequent AC adverse event relating to 

arterial insertion was inadequate securing, 40/58 (69%), and the most frequent AC 

use and maintenance adverse events were dislodgement and accidental removal, 

60/279 (24%). Accidental removal is a serious event for the critically ill patient. 

Mechanical complications may render haemodynamic monitoring unreliable. A 

retrospective audit of 83,154 anaesthetic cases (Fasting & Gisvold, 2002) found that 

the invasive monitoring problem of inaccurately low arterial BP, in association with 

other measurement errors, constituted a major component of all equipment problems. 

Such measurement inaccuracies are in part likely to be related to poor securement and 
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partial or full dislodgement of the AC. The AC may become “kinked” or badly 

positioned in the vessel, affecting the BP readings.  

Accidental catheter removal is profoundly important, and its seriousness is 

due to the potentially life-threatening complication of haemorrhagic shock that may 

be caused by removal, and new risks with additional reinsertion. A prospective 

observational study was performed (Lorente, Huidobro, Martin, Jimenez, & Mora, 

2004) which collected data on the accidental removal of ACs and CVCs. These 

researchers found a significantly higher accidental removal rate for ACs compared 

with CVCs (2.02 per 100 catheter days versus 1.12 per 100 catheter days, p < .001). 

This data may be adjusted to 20.2 per 1,000 catheter days versus 11.2 per 1,000 

catheter days, to facilitate uniform comparison with other complications typically 

reported with this denominator. In total, 162 accidental ACs removals occurred in 

817 patients. Inappropriate securement would make a likely major contribution to 

such outcomes, by allowing the AC to migrate from its ideal position in the artery.  

Other problems which occur in intravascular catheters in general are due to 

mechanical forces, and include: leakage around the entry point of the intravascular 

device; infiltration of infusate (arterial flush solution) into the tissue; phlebitis 

(inflammation of the vessel); occlusion; and partial dislodgement (Royer, 2003). An 

inappropriately secured catheter allows the device to continually move in and out, 

causing a “pistoning” effect within the blood vessel, facilitating leakage, and causing 

trauma to the tunica intima (Frey & Schears, 2006; Royer, 2003). Thromboplastic 

substances and platelets will then collect at the site of injury (Gabriel, 2010). The 

vessel subsequently narrows with a potential risk of occlusion. Resultant backflow 
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may occur from pressure on the AC, further contributing to leakage and infiltration. 

Temporary occlusion of the artery has been reported as the most common 

complication following radial artery cannulation (Scheer et al., 2002). These 

researchers found a mean thrombosis incidence of 19.7% in their review of 25 studies 

and 19,617 cannulations. Thrombus formation has been described as secondary to the 

presence of the catheter, which irritates and changes the integrity of the vessel wall 

during contact with the tunica intima (Bedford & Wollman, 1973, 1978). This may be 

related to the degree that the catheter occupies the arterial lumen; that is, relative 

catheter gauge to vessel size (Bedford, 1977). Further, inadvertent puncture of the 

arterial wall during insertion releases thromboplastic substances causing platelets to 

collect at the site where arterial integrity was breached (Gabriel, 2008a; Richardson & 

Bruso, 1993). The incidence of total occlusion of the artery lumen with the catheter 

increases with the presence of haematoma (Slogoff, Keats, & Arlund, 1983). 

Thrombosis is a frequent complication of ACs reported in the literature (Scheer et al., 

2002). It is the primary cause of phlebitis and may also contribute to the likelihood of 

developing AC and/or arterial occlusion from thrombus formation (Bausonne-Gazda 

et al., 2010; Royer, 2003; Sheppard, Ledesma, Morris, & O'Connor, 1999). 

Malfunction and failure of the AC would result following occlusion.  

Device failure from these mechanical complications can only be treated with 

device replacement, which has the additional adverse outcomes of patient pain, 

increased cost, risk of microbial contamination on insertion of the new device, and 

sharps injury risk (Gabriel, 2008b; Royer, 2003). Catheter replacement also involves 

increased medical and nursing workloads, and increased costs for reinsertion and 
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extra equipment. Second or later ACs may be placed in less optimal vessels, for 

example femoral placement. In turn, this increases the risk of infectious 

complications (Lorente et al., 2006). 

ACs have not been studied specifically regarding these aspects of device 

failure. However, research in IV devices has provided data supporting an increased 

incidence of phlebitis associated with intravascular device movement, as well as 

information linking device failure with inadequate securement methods (Royer, 2003; 

Wood, 1997; Wood & Bowe-Geddes, 1997). This data may be applicable to many 

aspects of AC complications and prevention strategies and requires further study.  

Accidental AC removal can have a large effect on research outcomes by 

preventing data collection, as shown in an RCT investigating the use of full sterile 

barrier precautions during insertion of ACs. Contamination of 51 ACs accidentally 

removed by agitated patients and during nursing procedural care, meant that these 

catheters could not be cultured with subsequent missing data (Rijnders, Van 

Wijngaerden, Wilmer, & Peetermans, 2003).  

2.5 Peripheral Arterial Catheter Infectious Complications 

Peripheral ACs have had their level of infection risk compared with risk in 

other intravascular devices, based on a summary of evidence-based opinion (see 

Table 2.1) (Mermel et al., 2009).  
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Table 2.1 

Types of Intravascular Devices: Details of Use and Summary of Current Evidence –

Based Judgement of Infection Risk Adapted From Mermel et al., 2009 

Type of intravascular 

device 

Usage 

Peripheral arterial 

catheter 

Risk of bloodstream infection may approach that of central venous catheters. For 

short-term use, and commonly used to monitor hemodynamic status and to 

determine blood gas levels of critically ill patients.  

Peripheral intravenous 

catheter 

Most commonly used short-term intravascular device. Usually inserted into the veins 

of the forearm or the hand.  

Short-term central 

venous catheter 

Most commonly used central venous catheter. Accounts for the majority of all 

catheter-related blood stream infections. 

Peripherally inserted 

central catheter  

Similar risk of infection as central venous catheters in patients hospitalised in 

intensive care. Provides an alternative to sub-clavian or central catheter jugular vein 

catheterisation. Inserted via peripheral vein into the superior vena cava, usually by 

way of cephalic and basilar veins.  

Pressure monitoring 

system 

Associated with both epidemic and endemic nosocomial bloodstream infections. 

Used in conjunction with arterial catheters and central venous catheters. 

 

Infectious complications related to ACs have traditionally been downplayed 

compared with CVCs, until evidence has shown the risk of CRBSI to be comparable 

to short-term CVCs (Crnich & Maki, 2002). Infection may occur following the break 

in skin integrity at the time of catheter insertion, when bacteria colonising the skin 

can be introduced to the bloodstream (Raad et al., 1993). This complication is termed 

“CRBSI”. ACs may also become infected at any stage of catheter use, with bacteria 

able to travel down the external surface of the catheter from the skin, or down the 

internal catheter surface, due to suboptimal aseptic handling of the AC for blood 

sampling or other use. In general, ACs are considered to have a low infection risk.  

However, CDC guidelines now report a rate of infection similar to CVCs (O'Grady et 

al., 2011; Wittekamp et al., 2013). A recent systemic review showed a higher 
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incidence of arterial CRBSI of 1.26 per 1,000 catheter days, 95% CI [1.05, 1.52] 

compared with 0.70 per 1,000 catheter days, 95% CI [0.55, 87] in other AC studies 

(O'Horo et al., 2014). The major advance in diagnosing catheter tip cultures 

compared to previous non-standardised methodology occurred when Band and Maki 

(1979) reported a positive semi-quantitative AC catheter segment of > 15 colonies 

indicative of local catheter infection, with the risk of infectious complications and 

sepsis increasing with the duration of cannulation. A later systematic review 

considered pooled data from prospective studies that reported on AC CRBSI 

compared with incidence in short-term CVCs (Maki et al., 2006). This comparison 

confirmed a similar infective risk for both ACs and CVCs.  

Current research has reconsidered the magnitude of infective risk for ACs, 

describing it as major and underappreciated. Pooled results from two RCTs studied 

the effectiveness of 1% chorhexidine and 75% alcohol for cutaneous antisepsis, and 

the efficacy of a chlorhexidine-impregnated sponge dressing for the prevention of 

CRBSI (Safdar, O'Horo, & Maki, 2013). The trials provided a large amount of data 

from 834 ACS in 542 patients: the majority of 694 ACs were placed radially; 128 

femorally; five in the axilla; four brachially; and three in the dorsalis pedis. Catheters 

were in place for a mean of 3.9 days. Arterial CRBSI was diagnosed using the 

innovative technique of pulsed-field gel electrophoresis (PFGE). Results showed that 

109 catheters were colonised at removal (13%), and the incidence of CRBSI was 

1.3%, which was 3.4 per 1000 catheter days. This compared with CVC data of 2.7% 

and 5.9 per 1000 catheter days for the same pooled results of the two RCTs. These 

results are concordant with another recent large, prospective, non-randomised study 
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of 1,456 patients and a total of 1,543 ACs, which found a rate of CRBSI of 3.5 per 

1000 catheter days (Esteve et al., 2011). This evidence supports ongoing concern 

regarding the infective potential of ACs and the importance of infection prevention in 

their care. It was noted by Safdar et al (2013) that all catheters in previous AC studies 

were often not cultured on removal, and this may have led to underestimating CRBSI 

in ACs, as a positive culture result is required to make a firm diagnosis.  

Like all intravascular devices, ACs can develop different types of infectious 

complications, and the same clinical definitions are used for all catheters (see Table 

2.2) (Mermel et al., 2009). 
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Table 2.2 

Clinical Definitions of Intravascular Catheter-Related Infections Adapted from 

Mermel et al., 2009; Pearson, Hierholzer & Garner, 1996 

Infection Definition 

 

 

Catheter colonisation 
Significant growth of one microorganism in a 

quantitative or semi-quantitative culture of the 

catheter tip, subcutaneous catheter segment, or 

catheter hub. 

Phlebitis Induration or erythema, warmth, and pain or 

tenderness along the tract of a catheterised or recently 

catheterised vessel. 

Exit site infection Exudate at catheter exit site yields a microorganism 

with or without microbial concomitant bloodstream 

infection. 

Clinical Erythema, induration, and/or tenderness occurring 

within 2 cm of the catheter exit site. This may be 

associated with other signs and symptoms of 

infection, such as fever or purulent drainage emerging 

from the exit site, with or without concomitant 

bloodstream infection. 

Infusate-related Concordant growth of one microorganism from 

infusate and cultures of percutaneously obtained 

blood cultures with no other identifiable source of 

infection. 

Catheter-related Bacteremia or fungemia in a patient who has an 

intravascular device and one positive blood culture 

result obtained from the peripheral vein, clinical 

manifestations of infection (for example fever, chills, 

and/or hypotension), and no apparent source for 

bloodstream infection (with the exception of the 

catheter). One of the following should be present: a 

positive result of semi-quantitative (15 cfu per 

catheter segment) or quantitative (10
2
 cfu per catheter 

segment) catheter culture, whereby the same 

organism (species) is isolated from a catheter segment 

and a peripheral blood culture; simultaneous 

quantitative cultures of blood with a ratio of 3:1 

cfu/mL of blood (catheter vs. peripheral blood); 

differential time to positivity (growth in a culture of 

blood obtained through a catheter hub is detected by 

an automated blood culture system at least two hours 

earlier than a culture of simultaneously drawn 

peripheral blood of equal volume). This definition 

differs from that used for infection control 

surveillance activities. 
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2.5.1 Catheter-related infection. 

Infection is a significant adverse event for patients, and can occur secondarily 

to AC use. Microorganisms can enter the body from the external environment, 

causing localised site infection, CRBSI, septic thrombophlebitis, endocarditis and 

other metastatic infections (for example, lung abscess, brain abscess, osteomyelitis 

and endophthalmitis) (O’Grady et al, 2002). AC sepsis was first reported in 1970 

(Michaelson & Walsh, 1970). Early studies of ACs lacked routine cultures and had 

non-standardised methodology for bacterial culture techniques, making comparison 

with recent data difficult (Bedford & Wollman, 1978; Gowardman et al., 2010).  

Band and Maki pioneered the use of the accurate semi-quantitative (roll-plate) 

catheter tip culture method in a prospective cohort study, when reporting the results 

of risk and infection profiles in 130 ACs in critically ill patients (Band & Maki, 

1979). These researchers found five catheters (4%) were associated with CRBSI. 

They noted this was comparable with the rate in an earlier prospective cohort study 

that they performed on short-term CVCs (Maki, Weise, & Sarafin, 1977). These 

researchers clarified the severe nature of the illness. They reported from a wide range 

of data that CRBSIs were caused by microorganisms that entered the intra-cutaneous 

wound during catheter insertion or thereafter. Further, they stated that such infections 

began as local infection of the catheter wound. The most serious form of CRBSI was 

suppurative phlebitis, which is difficult to clinically recognise, since clinical 

manifestations may not occur until after the catheter has been removed. The semi-

quantitative culturing method facilitated diagnosis of suppurative phlebitis as a 
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quantitative culture of the external surface of the removed catheter, which reflected 

counts of microorganisms present within the catheter wound. To illustrate the 

significance of this problem, it has been estimated that as many as 48,000 arterial 

CRBSIs may occur in the USA each year (Mermel, 2008).  

Quality campaigns have endeavoured to improve patient safety under the 

direction of the World Health Organization (WHO) to reduce CRBSI in CVCs, 

although not ACs (World Health Organisation, 2013). The latest CDC guidelines for 

the prevention of CRBSI in all vascular catheters provide a comprehensive summary 

for optimal care regarding education, training and staffing, catheter and site selection, 

hand hygiene, aseptic technique, maximal sterile barrier precautions, skin preparation 

and catheter site dressing regimes (O'Grady et al., 2011). Catheter securement devices 

are recommended, as using sutureless securement has shown a reduction in the risk of 

infection (Yamamoto et al., 2002). Further, the CDC guidelines explain that catheter 

stabilisation decreases the risk for phlebitis, catheter migration, and may assist in the 

prevention of CRBSI. The SSD would eliminate disturbance at the catheter insertion 

site. This would decrease bacterial colonisation from the skin into the wound, as well 

as remove the risk of inadvertent needle stick injury for healthcare workers during 

suturing (O'Grady et al., 2011; Yamamoto et al., 2002). Following WHO advice, the 

concept of the “Care Bundle” has been developed to improve care and reduce the 

incidence of CRBSI (World Health Organisation, 2013). The Care Bundle is a group 

of best practices with respect to a disease process that provides improvement to care 

individually, and greater improvement when the practices are performed together. 

Central Line Bundles have been introduced with the interventions of hand hygiene, 
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maximal barrier precautions for insertion, chlorhexidine skin antisepsis, optimal 

catheter site selection and daily review, with prompt removal of unnecessary lines. 

(Pronovost et al., 2006). When these interventions are implemented together, better 

outcomes have been demonstrated for patients with CVCs. Using a Central Line 

Bundle has been shown to have possible cost benefits in the Australian context 

(Halto, Cook, Paterson, Safdal, & Graves, 2010). The principles of these safety 

campaigns would likely be transferable to best practice for insertion and maintenance 

of ACs, reducing the risks of CRBSI. The pathogenesis and definition of CRBSI will 

now be discussed. 

2.5.2 Pathogenesis of catheter-related blood stream infection. 

The puncture site caused by arterial cannulation is a break in skin integrity, 

and constitutes a wound. It is therefore an entry site for infection, and is a direct route 

to the arterial circulation. This creates the potential for bloodstream infection (Crnich 

& Maki, 2002; Finlay, 2008). The literature explains the potential for CRBSI to occur 

via four pathways (Crnich & Maki, 2002; Eggimann, Sax, & Pittet, 2004; Maki & 

Mermel, 1998; Marrie & Costerton, 1984; Pearson, Hierholzer, & Garner, 1996; Raad 

et al., 1993; Salzman, Isenberg, Shapiro, Lipsitz, & Rubin, 1993): 

1. External colonisation of the surface of the catheter may source from 

colonisation of the insertion site, where skin micro-organisms progress 

transcutaneously through the dermal tunnel around the catheter. This may 

occur at the time of insertion or during the days following insertion.  
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2. Colonisation of the internal surface of the catheter may occur from 

colonisation of the catheter hub during frequent use for blood sampling, or 

when the catheter is inserted over a contaminated percutaneous guidewire.  

3. An additional pathway for colonisation is infusate or injectate, which can 

be contaminated with microbes during manufacture or in the clinical 

setting.  

4. Another pathway is haematogeneous catheter seeding from the presence of 

a bloodstream infection of any origin, whereby microbes travel through 

the blood and attach to the AC. 

In summary, for microorganisms to cause CRBSI, they first need to gain 

access to the extra-luminal or intra-luminal surfaces of the device, where they adhere 

and become incorporated into a biofilm allowing sustained surface colonisation and 

ultimately, haematogenous dissemination (Menyhay & Maki, 2006; Murga, Miller, & 

Donlan, 2001). CRBSIs in short-term catheters have been shown to be mostly 

cutaneous in origin, occurring from the insertion site, having gained access extra-

luminally (Bjornson et al., 1982; Cooper & Hopkins, 1985; Crnich & Maki, 2002). In 

comparison, contamination of the catheter hub has been the main source of CRBSI in 

long-term catheters that are in place for  ≥ 10 days (Crnich & Maki, 2002; 

Weightman, Simpson, Speller, Mott, & Oakhill, 1988).  

The pathogenesis of infection related to physiological monitoring of arterial 

and central venous pressures has been investigated (Abbott, Walrath, & Scanlon-

Trump, 1983). A clinical study of 46 patients studied cultures from four locations for 
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each patient. These were: the access port, insertion site, catheter tip, and blood drawn 

through the catheter. Staphylococcus species were the largest group of organisms 

cultured. The findings suggested that bacteria found on access ports and at insertion 

sites made their way to catheter tips and into the blood. Study limitation was the 

small sample size.   

Previous studies in CVCs have reported common causative organisms, 

compared microbiological methods used to identify organisms, and investigated 

potential infective sources. A meta-analysis of 11 RCTs identified that coagulase 

negative staphylococci were the most frequently cultured organisms from infected 

CVCs (Fletcher & Bodenheim, 1999). Subsequently, a clinical study was performed 

investigating sources of infection in CVCs, where CRBSI was suspected in 230 

patients, over two years (Dobbins, Kite, Kindon, McMahon, & Wilcox, 2002). The 

catheters were cultured internally on the endoluminal surface, as well as 

extraluminally (externally), with additional cultures performed on peripheral blood, 

catheter hubs, skin entry and skin control sites. Pulse field gel electrophoresis was 

used to fingerprint coagulase negative staphylococci isolated from patients with 

presumed CRBSI, based on clinical symptoms. These researchers concluded that 

infection from coagulase negative staphylococci may be exaggerated when isolates 

are not fingerprinted, as these analyses showed differences in organisms responsible 

for blood and other cultures when this detail was available. All routes for CVC 

contamination were represented, with endoluminal catheter colonisation with CRBSI 

being the most consistently found. Therefore, it is clear there are multiple potential 
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sources of infection and routes of access for microorganisms to cause CRBSI in 

CVCs, with similar issues likely in ACs.  

Catheter colonisation has been shown as related to the length of time the 

catheter has been in situ. A clinical study was performed with 359 CVCs to assess the 

degree of luminal and extra-luminal colonisation in relation to duration of placement 

(Raad et al., 1993). Roll-plate and sonication quantitative culture techniques were 

used to examine both external and internal catheter surfaces. External surface 

colonisation occurred predominantly during the first ten days of catheter placement, 

with the most likely source being the skin, while luminal colonisation typically 

occurred after 30 days of placement, which was thought to originate from the hub. 

This result supports the results of other clinical trials by Maki (1988) and Sitges-Serra 

et al. (1984). Such investigations have not been performed with ACs. However, given 

the high degree of similarity in physiological opportunities for bacterial 

contamination (insertion, and handling of the hub to adjust the tubing set or withdraw 

blood), and almost identical mechanical components of ACs compared to CVCs, the 

processes are likely very similar.  

2.5.3 Catheter-related blood stream infection definition. 

There is a general lack of consensus regarding the definition of CRBSI, and 

this has been discussed in the literature (Meadows, Creagh-Brown, Nia, Bonnicci, & 

Finney, 2009). However, a common method of classifying infections linked to 

intravascular catheters is to categorise them as either catheter-related or catheter-

associated (Eggimann et al., 2004). Overall, CRIs include catheter colonisation, skin 

infection at the exit site, and CRBSI with definitive microbiological proof. Such 
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infections contrast with catheter-associated infections. These include primary 

bloodstream infections and clinical sepsis, which have an epidemiological association 

with the intravascular device, but no confirmed microbiological diagnosis (Hugonnet, 

Sax, Eggimann, Chevrolet, & Pittet, 2004). CRBSI is therefore a confirmed diagnosis 

at patient level, while catheter-associated definitions are used for general infection 

surveillance across hospitals or regions (Eggimann et al., 2004; O'Grady et al., 2002).  

The clinical definition of CRBSI is generally used in research, and is complex 

compared with the surveillance definition. It is a bloodstream infection for which 

other sources of infection have been excluded by careful examination of the patient 

record (O’Grady et al., 2002). In addition, diagnosis of CRBSI for either clinical or 

research purposes, involves three criteria:  

 clinical symptoms of fever, chills, and/or hypotension, and no apparent source 

of infection except the catheter 

 colonisation of the catheter tip (semi-quantitative method and 15 or more cfu 

isolated from the catheter segment) 

 at least one positive blood culture from a peripheral vein, and matched to the 

organism isolated from the catheter segment. 

Laboratory testing is performed on the distal catheter segment to confirm the 

catheter as the source of bloodstream infection (O'Grady et al., 2011). Guidelines for 

Diagnosis and Management of Intravascular CRI were updated by the Infectious 

Diseases Society of America (IDSA) in 2009 (Mermel et al., 2009). Like those of the 

CDC, these recommendations are detailed and influential worldwide. They advise 
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that catheter cultures should be performed if a catheter is removed for suspected 

CRBSI, but should not be performed routinely. Thus, not all catheters removed 

should be cultured, and nor is qualitative broth culture of catheter tips endorsed. For 

short-term catheter tip cultures including ACs, the roll-plate technique is 

recommended for routine clinical microbiological analysis.  

The following advice specified in the IDSA guidelines is pivotal for correct 

diagnosis of CRBSI in ACs: 

 Semi-quantitative growth of < 15 cfu per plate of the same microbe from both 

the insertion site culture and the catheter hub culture strongly suggests that the 

catheter is not the source of a bloodstream infection. Growth of ≥ 15 cfu from 

a 5 cm segment of the catheter tip by semi-quantitative (roll-plate) culture or 

growth of > 102 cfu from a catheter by quantitative (sonication) broth culture 

reflects catheter colonisation. 

 When catheter infection is suspected and there is a catheter exit site exudate, 

the drainage should be swabbed to collect specimens for culture and Gram 

staining.  

 For suspected CRBSI, paired blood samples drawn from the catheter and a 

peripheral vein, should be cultured before initiation of antimicrobial therapy, 

and the bottles should be appropriately marked to reflect the site from which 

the samples were obtained.  

 A definitive diagnosis of CRBSI requires that the same organism is grown 

from at least one percutaneous blood culture and from a culture of the catheter 
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tip, or that two blood samples be drawn (one from a catheter hub and the other 

from a peripheral vein) that, when cultured, meet CRBSI criteria for 

quantitative blood cultures or differential time to positivity.  

 For quantitative blood cultures, a colony count of microbes grown from blood 

obtained through the catheter hub that is at least three-fold greater than the 

colony count from blood obtained from a peripheral vein best defines CRBSI 

(Mermel et al., 2009).  

2.5.4 Overview of surveillance of catheter-associated blood stream infection. 

In contrast to the clinical definition, the surveillance definition for catheter-

associated blood stream infection (CABSI) is used by organisations and health 

professionals in the monitoring of blood stream infection across the patient 

population, to measure the incidence of infection. Surveillance concepts are included 

for information as these are often reported in the literature. The surveillance 

definition of CABSI is defined by the CDC to include all blood stream infections in 

patients with CVCs, when other sites of infection have been excluded (O'Grady et al., 

2011). Bloodstream infection itself is also additionally defined for surveillance 

purposes by the National Healthcare Safety Network (NHSN) as laboratory 

confirmed blood stream infection (LCBSI) (Horan, Andrus, & Dudeck, 2008) 

(Centres for Disease Control (CDC), 2013). 

CABSI is an important indicator of the perceived low risk of infection for 

ACs, as they are not included for surveillance under national or jurisdictional 

schemes (O'Grady et al., 2011). Considerable risks may occur for patients with ACs, 
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however, they are deemed generally safe by many healthcare practitioners. This 

position is supported by the non-requirement for infection surveillance, according to 

the NHSN (Centres for Disease Control (CDC), 2011) in the USA, which facilitates 

voluntary reporting of healthcare associated infection for surveillance purposes for 

the CDC (O'Grady et al., 2011). The CDC’s Guidelines for the Prevention of 

Intravascular CRIs do however have relevant sections relating to peripheral ACs. 

This important infection control body comprises a multidisciplinary group of health 

professionals who have reviewed the evidence for effective infection prevention 

measures, before publishing these evidence-based guidelines (O'Grady et al., 2011). 

To clarify, the CDC guidelines specify overall care of intravascular catheters, while 

infection incidence of CVCs alone is monitored through surveillance strategies 

managed for the CDC through the guidance of the Healthcare Infection Control 

Practices Advisory Committee (HICPAC) (Healthcare Infection Control Practices 

Advisory Committee (HICPAC), 2009). 

In Australia, infection surveillance has several individual state and territory 

surveillance strategies that vary considerably. It has been noted that with such 

disparity, consistency in comparisons between hospitals is jeopardised because of 

imperfect risk adjustment. The need for international risk-adjusted surveillance 

methods has been highlighted (O'Neill & Humphreys, 2009; M. J. Richards & Russo, 

2007). The national advisory board of the Australian Infection Control Association 

(AICA), now known as the Australasian College for Infection Prevention and Control 

(ACIPC) (Australasian College for Infection Prevention and Control (ACIPC), 2014; 

Australian Infection Control Association (AICA), 2009) has developed definitions 
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that have led to a standardised strategy for surveillance, available for application by 

state and territory organisations. A summary of these organisations is as follows:  

 The Centre for Healthcare Related Infection Surveillance and Prevention 

(CHRISP) in Queensland. 

 Health Infection Surveillance in Western Australia (HISWA). 

 Tasmanian Acute Public Hospitals Healthcare Associated Infection 

Surveillance. 

 The South Australian Infection Control Service. 

 The Victorian Nosocomial Infection Surveillance System (VICNISS) for 

Healthcare Associated Infection.  

 New South Wales Hospital Infection Epidemiology and Surveillance Unit 

(HIES). 

Mandatory infection incidence reporting and monitoring in Australia through 

these organisations is influenced by practice in the USA. Public reporting and pay-

for-performance strategies have been implemented to facilitate elimination of CRBSI 

in ICUs (Association for Professionals in Infection Control and Epidemiology, 2009). 

However, in accordance with practice in the USA, ACs are not required to be 

monitored or reported (Centre for Healthcare Related Infection Surveillance and 

Prevention, 2009; Department of Health and Human Services Tasmania, 2009; 

Edwards et al., 2009; Health Infection Surveillance Western Australia (HISWA), 

2009; South Australian Infection Control Service, 2009; University of New South 
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Wales, 2014; VICNISS Healthcare Associated Infection Surveillance System, 2008). 

With concentration of surveillance and research about infection in CVCs, and the 

exclusion from surveillance of ACs, the evidence base for CRBSI in ACs is 

insubstantial. 

2.5.5 Infectious incidence in intensive care units: arterial catheters versus 

central venous catheters. 

Arterial CRBSI incidence has not traditionally been studied separately, and 

has been benchmarked with CVCs in ICUs, with increasing evidence over time. 

Although CVCs are not part of this study, this literature reveals information which 

highlights the level of incidence of CRBSIs in ACs, allowing implications to be 

drawn, and modifications made to clinical perceptions that ACs are at low risk for 

infection. A summary of international studies comparing infection rates between the 

two catheter types ACs and CVCs is presented (see Table 2.3). 
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Table 2.3 

Summary of International Studies Comparing Arterial Catheter and Central Venous Catheter Infection Rates 

 

Author Year Country Design ACs n Infection Rates CVCs n 

 

Infection Rates 

 

Pinilla et al. 1983 Canada 
Prospective 

cohort 
172 4.6%  82 9% 

Traoré et al. 2005 France 
Prospective 

cohort 
299 12.8 per 1,000 AC  days   308 16.7 per 1,000 CVC days 

Maki et al. 2006 USA 

Systematic 

review (200 

prospective 

studies) 

4,366 
1.7 per 1,000 AC days, 95% 

CI [1.2, 2.3]  
20,226 

2.7 per 1,000 CVC days, 95% CI 

[2.6, 2.9] for non-cuffed, non-

tunnelled CVCs 

Koh et al. 2008 Australia 
Prospective 

cohort 
321 

0.92 per 1,082 AC  days, 

95% CI [0.13, 6.44] 
618 

2.23 per 4,040 CVC days, 95% 

CI [1.12, 4.44] 

Lucet et al. 2010 France 

 

RCT 

 

1,617 

 

11.4 per 1,000 AC days ≤ 7 

days dwell time; 24.5 ≥ 8 

AC days dwell time 

 

1,915 

11.1 per 1,000 CVC days ≤ 7 

days dwell time; 15.4 per 1,000 

CVC days ≥ 8 days dwell time 

Wittekamp et al. 2013 
The 

Netherlands 

Prospective 

cohort 
258 2.1 per 1,000 AC days  336 

 

1.2 per 1,000 CVC days  

 

Note. AC = arterial catheter; CVC = central venous catheter; RCT = randomised controlled trial; CI = confidence interval. 
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Recent studies show slightly lower, but comparable infection as percentages 

of catheters, or as incidence of colonisation per 1,000 catheter days in ACs and CVCs 

(Koh, Gowardman, Rickard, Robertson, & Brown, 2008; Lucet et al., 2010; Pinilla, 

Ross, Martin, & Crump, 1983; Traore, Liotier, & Souweine, 2005) (See Table 2.3). 

More recently, Lucet et al (2010) performed a multi-centre RCT of 1,617 ACs and 

1,915 CVCs, to compare dressing changes every three days or seven days in patients 

requiring an AC or a CVC, with or without a chlorhexidine-impregnated sponge, 

Biopatch®  (Ethicon, Somerville, 2013b). The incident density ratio for colonisation 

of catheters used for < eight days was similar in ACs compared with CVCs (6.8 and 

8.8 per 1000 catheter days). However, it was greater for ACs than for CVCs used for 

≥ eight days, and excluding the first seven days (24.5 and 15.4 per 1000 catheter days 

respectively; relative risk (RR) 1.59 (1.17, 2.17), p = .001. CRI percentages were 

reported as similar in ACs compared with CVCs (0.68% and 0.94% respectively, or 

1.0 per 1000 catheter days vs. 1.09 per 1,000 catheter days), with the daily hazard rate 

increasing steadily over time for ACs, p = .008. This result reflects study results by 

Koh et al, 2008 (See Table 2.3) in their prospective cohort study of 321 ACs and 618 

CVCs. Incidence of catheter colonisation per 1000 catheter days in this study was 

15.7 for ACs and 16.8 for CVCs, with incidence comparable for both devices. CRBSI 

percentages were 0.31% for ACs, compared with 1.46% for CVCs. 

Traoré et al (2005) had reported comparable incidence density for catheter 

colonisation per 1000 catheter days between ACs and CVCs, 12.8 and 16.7, 

respectively. However, there were important limitations to this study. Only 114 of the 

212 patients had their ACs and CVCs inserted on the same day. With disease status 
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changing over time, differences in illness severity at the time of AC insertion and 

CVC insertion may have led to differences in baseline characteristics between groups. 

Additionally, there would be differences in use over time, with more severely ill 

patients having increased risk, with ACs accessed and manipulated on multiple 

occasions for blood gas measurement, and CVCs used for central venous pressure 

monitoring and to provide access for multiple infusions.  

Most recently, Wittekamp et al (2013) reported that the CRBSI incidence for 

ACs was higher than for CVCs (2.1 per 1,000 catheter days for ACs and 1.2 per 

1,000 catheter days for CVCs). It was noted that the degree of barrier precautions 

used for insertion of ACs was left to the discretion of the inserter, resulting in 

instances of non-sterile insertion, as well as ACs sutured to the skin. In contrast, CVC 

insertion was performed as a sterile procedure without routine suturing (Wittekamp et 

al., 2013). 

When summarising these studies (see Table 2.3), it was noted that statistical 

comparisons were not reported uniformly. However, this comparative view highlights 

that the ACs are a potential source of sepsis, and shows they require at least the same 

degree of care accorded to CVCs. 
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2.5.6 Infection risk: duration of catheter placement. 

Impressions that AC catheters are not at high risk for infection may be 

coloured by the knowledge that a large number of patients who require ACs are post-

operative patients with ACs in place for only one to two days. However, it is 

generally accepted that the risk of AC colonisation and infection increases 

cumulatively with the time a catheter is in place (Koh et al., 2008; Lucet et al., 2010; 

Rijnders, 2005; Scheer et al., 2002), although this does not necessarily mean that 

routine replacement of the catheter prevents infection. Clinical replacement has been 

shown to be a preferable strategy to routine replacement to manage infection risk in 

peripheral IV cannulas (Rickard et al., 2012). This study would provide information 

as a baseline for investigation of replacement strategies for ACs, to manage infection 

risk.  

An RCT that found using maximal barrier precautions during insertion of ACs 

did not prevent catheter colonisation, also showed that for ACs in place for > 14 days, 

there was a 38% (15/39) incidence of colonisation at removal. Although the overall 

study had 272 catheters that were analysable, and colonisation rates increased over 

time, it is evident that a limitation of this study was the small number of ACs used for 

more than 14 days (39), with ACs in place for an average of 8.6 days, and 101 in 

place for < 10 days (Rijnders, 2005; Rijnders et al., 2003). 

2.5.7 Infection risk: lack of securement. 

Inadequate securement of peripheral ACs may increase CRBSI risk because 

of additional manual handling of the catheter site and infusion system when 
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managing securement difficulties, such as repeated dressing adjustments, 

reinforcements or replacements. Additionally, catheter micro-motion can “piston” 

skin bacteria into the catheter wound. In a prospective cohort study of 237 ACs and 

257 CVCs catheters, accidental removal of ACs in the ICU was reported over two 

consecutive six month periods (Carrión et al., 2000). The incidence of accidental 

catheter removal was approximately four times as frequent for ACs compared with 

CVCs. For the first period in the study, incidence of accidental catheter removal was 

46.4 per 1,000 AC days, compared with 12.4 per 1,000 CVC days. For the second 

study period, incidence of accidental removal was 19.1 for ACs, compared with 5.4 

for CVCs per 1,000 catheter days (Carrión et al., 2000). This study does not specify 

the reasons for accidental removal. Even if partial dislodgement does not lead to 

accidental removal, there is resultant exposure of the catheter insertion site, allowing 

it to become a potential infection pathway. These problems of accidental removal, 

dislodgement and potential for infection may occur with poor dressing products or 

techniques. Dressings that are not dry or clean of blood pooling and are not intact, 

increase the CRBSI risk (O'Grady et al., 2011). 

2.5.8 Infection risk: multiple system access. 

It has been previously observed and currently reiterated that ACs are the most 

frequently handled intravascular device in the ICU and OT (Maki et al., 2006; Safdar 

et al., 2013). Heavy manipulation occurs by frequent use of arterial set access ports 

(see Figure 2.3) for blood sampling, particularly for blood gas analysis that may be 

performed at least hourly for unstable patients at critical times, and during line 

flushing to prevent occlusion.  
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 Figure 2.3. Access ports (George Philips Medical Engineering, Mumbai, 2013). 

 

Such access ports provide a potential portal of entry for microorganisms to the 

arterial tubing system. Multiple handling at the catheter hub has been implicated, 

where considerable manipulation takes place to connect and replace infusion tubing. 

This has been identified as the most common source of CRBSI in longer placed 

CVCs (Sitges-Serra et al., 1984), and likely occurs in ACs. The multiple interruptions 

of the tubing set and sampling ports provide a potential for inadvertent contamination 

and subsequent clinical infection (O’Grady et al., 2002). Infection occurrence has 

been reported in an RCT of various access devices in 1,034 ACs. CRBSI occurred at 

an incident density of five per 1,000 AC days using a needle-free stopcock cleansed 

with chlorhexidine prior to access, compared with 2.83 per 1,000 AC days for a 

needle-free connection system with a non-microbial protective cap, p = .08 (Esteve et 

al., 2007). Both needle-free systems were used for multiple accessing of the AC 

tubing system. This highlights the importance of multiple handling of access ports in 
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developing strategies to avoid potential contamination of hubs and connectors, and 

related infection.  

2.5.9 Infection risk: anaesthesia setting. 

Further literature (Koff et al., 2009; Loftus et al., 2011; Loftus et al., 2008) 

has presented studies of the bacterial transmission of organisms in OT anaesthesia 

work areas, where peripheral ACs are frequently inserted and managed. This 

indicates important infection implications for the anaesthesia team when handling 

intravascular devices. An RCT was performed to measure bacterial counts on sterile 

stopcock sets, as attached to arterial tubing sets, and two sites on the anaesthetic 

machine, in 61 OTs. Anaesthesia providers were randomised to receive a hand 

sanitation device to use in the OT, in addition to wall-mounted dispensers of 70% 

alcohol for hand hygiene. The results demonstrated that transmission of bacterial 

organisms occurred between the anaesthetic machine and the stopcock sets, and 

rendered the stopcock sets contaminated in 32% of cases (Koff et al., 2009). An 

association was found between the use of the sanitation device and reduced 

contamination, both in the anaesthesia work area and on patient tubing connected to 

intravascular catheters, with a significant reduction in contamination of the tubing, 

OR 5.31, p = .01. This trial used stopcock sets commonly added to ACs and IVs.  

A later RCT of anaesthetic work area contamination examined direct 

microbiological evidence from patients’ IV stopcocks, and considered the potential 

role of environmental decontamination practices in interrupting transmission of 

organisms in the OT (Loftus et al. 2011). Eighty-two paired samples were analysed 

from random selection of the first and second operative cases in each of 92 OTs. 
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Organisms were isolated from anaesthesia providers’ hands prior to each case, and 

matched through biotype analysis to intraoperative bacterial transmission to the 

patient stopcock set, which was attached to IV tubing, and the anaesthesia 

environment. Overall intraoperative bacterial transmission to the IV stopcock was 

identified in 19/164 (11.5%) of cases, with 9/19 (47%) attributable to anaesthetic 

provider origin. The researchers noted poor compliance with hand washing, and 

concluded that contamination of provider hands before patient care was an important 

risk factor that could be modified to inhibit bacterial cross-contamination. It was 

considered most important that organisms were likely brought to the patient and the 

environment as providers moved between OTs and did not perform effective hand 

decontamination. This was an independent predictor of contamination. The research 

applied to the contamination of IV stopcocks, and it may be concluded that similar 

contamination of AC stopcocks and tubing could reasonably occur in the anaesthetic 

workspace. 

A survey of peripheral AC practices in 64 Australian OTs collected data 

related to infection prevention for peripheral AC insertion and access (Reynolds, 

Dulhunty, Tower, Taraporewalla, & Rickard, 2013). Only 37 respondents (58%) 

reported compliance with CDC guidelines (O'Grady et al., 2011) for the required use 

of sterile gloves for peripheral AC insertion. The entire cohort of 64 (100%) 

participants reported correct hand disinfection as per CDC guidelines for insertion. 

However, inadequate infection prevention strategies occurred prior to AC access to 

collect blood samples, with 47% of respondents reporting that access ports were 

never disinfected before use. Hand washing prior to blood sampling from access ports 
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was reported for only 19 (30%) of respondents. Of the 64 OTs, 26 (40%) reported 

that such ports were never cleaned before use in their facility. Access ports were 

estimated to be wiped 75 to 100% of the time in only 14 (22%) of surveyed OTs with 

the required 70% alcohol or an iodophor of iodine, in accordance with CDC 

guidelines (O'Grady et al., 2011; Reynolds et al., 2013). Research has previously 

discussed the high possibility of multiple blood sampling and improper handling of 

ACs and associated tubing, increasing infection risk (Band & Maki, 1979; Durie et 

al., 2002; Esteve et al., 2007), with similar risk-producing behaviours reported in this 

survey of anaesthesia practice (Reynolds et al., 2013). 

2.6 Peripheral Arterial Catheter Insertion 

2.6.1 Aseptic insertion. 

The CDC guidelines provide high-level evidence-based recommendations 

(Melnyk & Fineout-Overholt, 2011; O'Grady et al., 2011) which advise that to 

minimise infection risk during AC insertion hand hygiene should be performed with 

conventional soap and water, or alcohol based hand rub, before and after palpation of 

the insertion site, and before and after insertion. In addition, the aseptic technique 

should include wearing a cap, mask, sterile gloves and using a small, fenestrated 

drape. A > 0.5% chlorhexidine skin preparation with alcohol should be used for skin 

antisepsis. This concurs with the Australian Guidelines for Prevention and Control of 

Infection in Healthcare (Australian Government National Health and Medical 

Research Council (NHMRC), 2010; O'Grady et al., 2011). The CDC guidelines do 

not require maximal standard barrier precautions for AC insertions as with CVCs. 
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This is because an RCT concluded that such precautions did not significantly prevent 

colonisation or infection of ACs (Rijnders et al., 2003). This intensive care study 

analysed data from 272 patients randomised to a sterile barrier precautions group or a 

control group where a usual aseptic procedure was performed. The colonisation 

incidence was 20.2 cases per 1,000 catheter-days in the sterile barrier precautions 

group and 15.8 per 1,000 catheter days in the control group (p = > .1). AC-related 

infection occurred in three patients in the sterile barrier precautions group and seven 

in the control group (p = > .1).  

2.6.2 Insertion techniques. 

ACs may be inserted using a direct puncture technique, the Seldinger 

technique that employs a guidewire, or by the modified Seldinger technique with a 

guidewire but without suture wings. An RCT studied these commonly used 

techniques when inserting 195 ACs by six clinicians of similar experience and 

competence (Beards, Doedens, Jackson, & Lipman, 2007). The direct puncture 

method had a significantly higher first time insertion failure rate of 23%, compared 

with ACs inserted by the Seldinger technique of 7%, p = .01. The modified Seldinger 

technique had a failure rate of 17%. The Seldinger technique for insertion was 

significantly associated with more than five cannulation attempts. Multiple attempts 

resulted in trauma to the artery and surrounding tissue. Multiple insertion attempts 

also increase the incidence of arterial occlusion.  

Another RCT studied 333 AC insertions, comparing 18 and 20 gauge 

polypropylene and 18 and 20 gauge Teflon ACs, to study the influence of catheter 

size and material (Davis & Stewart, 1980). Arterial occlusion occurred in 47.5% of 
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the arteries with multiple insertion attempts, compared with 26% occlusion after a 

single insertion. The lowest occlusion incidence of 3% occurred in 20 gauge Teflon 

catheters (Davis & Stewart, 1980). The outcomes of temporary and permanent 

occlusion have been evaluated in a clinical literature review 1978-2001 to evaluate 

complications and risk factors associated with ACs (Scheer et al., 2002). The range of 

incidence of temporary occlusion with no serious sequelae was 1.5% to 35%. 

Permanent occlusion was rare. However, arterial thrombosis and temporary occlusion 

due to insertion trauma may lead to AC failure, with loss of haemodynamic 

monitoring and blood sampling access.  

The risks of thrombosis and arterial trauma may be significantly reduced by 

educational interventions to decrease the number of insertion attempts, and to date the 

literature provides only a few examples of such studies. One study showed that on a 

pre-test of 76 medical ICU resident medical officers, only 12 (16%) and 11 (14%) 

met the minimum knowledge requirements for internal jugular and sub-clavian CVC 

insertion, respectively. However, after simulation training, all medical officers met 

the minimum passing score or greater for both insertion methods, p < .0005 (Barsuk, 

McGaghie, Cohen, O'Leary, & Wayne, 2009). In a similar study of simulation-based 

learning for CVC insertion, 28 internal medicine residents were surveyed. After 

simulation-based learning, the residents’ skills increased with decreased numbers of 

needle passes and increased self-confidence (Barsuk, McGaghie, Cohen, 

Balachandran, & Wayne, 2009). Results from these teaching and learning studies 

may be transferrable to improvement of skills required for AC insertion. 
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Ultrasound guidance is a technique designed to improve success in catheter 

placement, and is commonly used for CVCs, but less often for AC insertion. 

Ultrasound guidance for insertion of CVCs is recommended by the CDC (O'Grady et 

al., 2011). However, benefits have been shown in a systematic review and meta-

analysis of RCTs of ultrasound guidance for AC insertion, compared with palpation 

for catheterisation of the radial artery (Shiloh, Savel, Paulin, & Eisen, 2011). Shiloh 

et al (2011) reviewed four trials that included 311 participants randomised to either an 

ultrasound guided or palpation method for AC insertion. The results showed almost 

twice the incidence of successful first attempt insertions with ultrasound guidance, 

RR 1.71, 95% CI [1.25, 2.32].  

In a review of risk factors for CRBSI in percutaneously inserted non-cuffed 

CVCs, inserter inexperience was significantly associated with risk of CRBSI (Safdar, 

Kluger, & Maki, 2002). The use of ultrasound insertion may be one way to reduce the 

number of attempts by inexperienced AC inserters, and therefore decrease AC 

complications and failure. Improved insertion success rates would most likely 

contribute to a better CRBSI rate, and less mechanical and infectious complications in 

ACs overall. 

2.6.3 Selection of insertion site. 

The CDC guidelines (O'Grady et al., 2011) prefer radial, brachial and dorsalis 

pedis AC sites over femoral or axillary sites to minimise infection risk in ACs, based 

on lower level, prospective, observational and survey evidence (Lorente et al., 2006; 

Traore et al., 2005). The AC insertion site influences the risk of CRI as well as 

phlebitis (O’Grady et al., 2002). Use of an upper-extremity site is also recommended 
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(O'Grady et al., 2011). When both radial arteries are inaccessible, as in trauma and 

burns patients, the dorsalis pedis site is recommended (Martin, Saux, Papazian, & 

Gouin, 2001). An early cohort study of 291 catheters of different types—namely 

ACs, CVCs, and pulmonary artery catheters—found no significant difference in 

infection rate by site (femoral, pedal or radial) in 172 ACs (Pinilla et al., 1983). 

However, more recent studies have shown that the femoral site is more likely to 

become infected, with higher colonisation rates and CRBSI more consistently 

reported in adults (Koh et al., 2008; Lorente et al., 2006). The large prospective 

cohort study of 2,949 catheters in critically ill ICU patients performed by Lorente et 

al (2006), determined the incidence of AC infection by insertion site and confirmed 

these assertions. These researchers found significantly higher local infection for 

femoral access (3.02 per 1,000 catheter days) compared with radial access (0.75 per 

1,000 catheter days), as well as significantly higher incidence of CRBSI originating at 

the femoral site (1.92 per 1,000 catheter days), compared with the radial site (0.25 per 

1,000 catheter days), odds ratio (OR) 1.9, p = .009, 95% CI [1.15, 3.41].  

2.7 Peripheral Arterial Catheter Dressings and Securement Devices 

A range of dressings and securement devices are used on the catheter entry 

point (wound), attached to the catheter hub, and/or further up the tubing set. Once the 

AC has been appropriately placed, effective securement is required to ensure correct 

function for best patient outcomes (Gabriel, 2010). If the AC administration set is 

unstable it will move, causing further movement of the AC at the insertion site. This 

will contribute to catheter movement at the micro or macro level, possibly initiating 
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complications. To a large degree, securement effectiveness depends on the adhesive 

qualities of the dressing and/or securement device. Important aspects of adhesion 

include the ability to hold the two surfaces (skin and device/tubing) together, as well 

as allowing safe removal of the dressing or securement product, without damage to 

the patient’s skin (Rippon & Davies, 2007). There is considerable variation in the 

levels of adhesion with the same product in different people with normal skin 

(Andrews, Khan, & Majid, 1985; Tokumura, Ohyama, Fujisawa, Suzuki, & 

Nukatsuka, 1999). Therefore, it is necessary to match the adhesive dressing to the 

patient’s skin type to achieve optimal adhesion. Possible influencing factors affecting 

the level of adhesion may be sebum levels, hydration, sweating, hair and the presence 

of cream or ointment residues (Derler & Gerhardt, 2012).  

A study of dressing adhesion showed an effect of skin breaking down 

(maceration), with an increased amount of water on the skin surface possibly making 

a contribution (Shannon & Chakravarthy, 2009). Aggressive adhesives which are 

difficult to remove, have been found to impair the skin’s barrier function, leading to 

increased trans-epidermal water loss. Such adhesives which contain solvents, have 

the potential to contribute to skin breakdown and initiate the infective process by 

opening up the skin barrier to external microbes. Shannon and Chakravarthy (2009) 

performed an RCT on 12 healthy volunteers, comparing a solvent-free adhesive with 

a solvent-containing adhesive by measuring pain, discomfort, erythema and skin 

water loss. The solvent-free formula was associated with lower mean scores for 

erythema and trans-epidermal water loss, p < .05, indicating that solvent-free 

adhesives minimise skin trauma. The study was limited by the small sample size and 
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the possibility that the results from healthy volunteers may not be fully generalisable 

to the clinical setting.  

It has been hypothesised that levels of hydration and sebum in the skin could 

influence the degree of dressing adhesion to the skin. However, this was not found to 

be the case in a prospective observational study of 18 healthy volunteers. The skin 

adhesive properties of three dressings were tested to measure peel adhesion, pain on 

removal, and the effect of dressings on skin post-removal (Waring, Bielfeldt, & 

Brandt, 2009). Levels of hydration or sebum were not linked to the degree of 

adhesion. This may have been due to the limitations of a small study size and a non-

randomised study design.  

Different areas of the body are sebum-rich (such as the forehead) and sebum-

poor (such as the lower and upper back). The amount of sebum is related to water 

uptake of the skin, with sebum-rich skin being more hydrophyllic. Such physio-

chemical skin properties, the influence of anatomical region, body hair, and 

lubrication of the skin surface with emollients all create changes in the skin friction 

coefficient. These influences likely effect the adhesive performance of dressings and 

securements (Adams, Briscoe, & Johnson, 2007; Derler & Gerhardt, 2012). Such 

variables are not fully understood. With further study needed, they are important 

considerations for selecting dressings and securements to provide adequate adhesion, 

while maintaining skin integrity.  

Commonly used polyurethane dressings for ACs are standard Tegaderm™ 

(3M™, St Paul, 2013c) (see Figure 2.4), also termed standard polyurethane (SPU), 

and more recently various versions of bordered polyurethane (BPU), such as 
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Tegaderm™ I.V. Advanced (3M™, St Paul, 2013a) (see Figures 2.5). SSDs are 

another more recent option to enhance securement. They have an increased surface 

area of contact between the patient’s skin and the SSD adhesive pad, and are used in 

addition to an SPU. SSDs incorporate an anchor with posts or clips to hold the 

catheter securely in place, so that the hub or catheter remains flat and securely 

anchored to the skin (FDA US Food and Drug Administration, 2013a). Micro-

movement of the catheter is minimised by applying these anchoring devices to the 

catheter hub or the administration set tubing as designed, to assist in preventing the 

complications of dislodgement, disconnection, extravasation, infection and phlebitis. 

An SSD for ACs which anchors the catheter hub to minimise micro-movement, is the 

StatLock® Select Arterial Stabilisation Device (Bard®, Salt Lake City, 2013) (see 

Figure 2.6). A novel catheter securement method is the use of TA to stabilise the 

catheter and secure it to the skin. TA is a liquid glue, for example Histoacryl® (B 

Braun, Bella Vista, 2013), which becomes sticky and adheres to the catheter and skin 

on application (see Figure 2.7). The evidence supporting these various techniques 

will be discussed more fully later in the chapter. 

There is a dearth of studies of ACs assessing the efficacy of dressings and 

securement techniques, or clinical practice guidelines that focus solely on ACs. As 

such, other intravascular device studies and guidelines have been reviewed, as these 

have some generalisability to ACs. The focus of this review of dressing and device 

studies is to assess how well the AC catheter site would be covered and secured to 

prevent the serious complications of dislodgement and accidental removal with the 

potential risk of life-threatening haemorrhage, and protected from infection, so as to 
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prevent catheter failure. Consideration is taken into account that the degree of these 

complications would vary with different catheter types, where studies of intravascular 

devices other than ACs are reviewed. 

 

Figure 2.4. Standard polyurethane dressing: Tegaderm™ 1624W (3M™, St Paul, 

2013b). 
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Figure 2.5. Bordered polyurethane dressing: Tegaderm™ I.V. Advanced Securement 

1683 (3M™, St Paul, 2013a). 

 

Figure 2.6. Sutureless Securement Device: StatLock® Arterial Select Stabilisation 

Device (Bard®, Salt Lake City, 2013), with standard polyurethane dressing  (3M™, 

St Paul, 2013b). 



ARTERIAL CATHETER DRESSING AND SECUREMENT  

 

62 
 

Figure 2.7. Tissue Adhesive: Histoacryl® (B Braun, Bella Vista, 2013). 
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2.7.1 Guidelines for intravascular catheter dressings. 

2.7.1.1 Centers for Disease Control and Prevention: Guidelines for the Prevention 

of Intravascular Catheter-Related Infections.  

CDC guidelines have no specific dressing recommendations for ACs, but 

advise either sterile gauze or a sterile, transparent, semi-permeable dressing to cover 

catheter sites, and SSDs to reduce the risk of catheter migration, colonisation and 

CRBSI, and needle stick injury (O'Grady et al., 2011) for intravascular catheters, with  

ACs falling under these broad recommendations. 

2.7.1.2 Australian Guidelines for the Prevention and Control of Infection in 

Healthcare. 

The National guidelines (Australian Government National Health and Medical 

Research Council (NHMRC), 2010) address healthcare associated infections in 

relation to the management of intravascular catheters, as well as many other topics. 

They cite background information and recommendations extracted from the CDC 

guidelines, as well as from their own systematic review (Rickard, McCann, 

Munnings, & McGrail, 2010). Catheter dressing regimens are specified as the use of 

either sterile gauze or sterile, transparent and semi-permeable dressings to cover 

intravascular catheter sites, with no specific protocols recommended by catheter type. 

2.7.1.3 Infusion Nurses’ Society Standards of Practice. 

The Infusion Nurses’ Society (INS) Standards of Practice “Standard 44” 

specifies dressings for intravascular catheters in general, with advice for application 

of a sterile dressing that should be changed at established intervals, and immediately 

if integrity becomes compromised. Possible dressing choices include the transparent 
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SPU dressing or gauze. It is recommended that the SPU dressing is changed every 

seven days, and gauze every 48 hours (Infusion Nurses' Society (INS), 2006).  

“Standard 36” focuses on the importance of stabilisation for all intravascular 

catheters, and the latest recommendations include the routine use of stabilisation 

devices, and these may be interpreted as SSDs, although this is not specified 

(Infusion Nurses' Society (INS), 2011): 

 Standard 36.1 states that stabilisation should be used to preserve the integrity 

of the catheter, to minimise catheter movement at the hub, and prevent 

catheter dislodgement and loss of access.  

 Standard 36.2 states that intravascular catheters should be stabilised using a 

method that does not interfere with assessment and monitoring of the access 

site or impede vascular circulation or delivery of the prescribed therapy. 

 Standard 36.3 recommends that stabilisation methods be used that are 

established in organisational policies, procedures, and/or practice guidelines. 

 Standard 36.4 states that the nurse be competent in the proper use and 

application of stabilisation methods and devices. 

Clinical practice criteria are also discussed in this standard. The use of a 

stabilisation device is suggested as the preferred alternative to tape or sutures. The 

standard states there is insufficient evidence to support the use of transparent SPU 

dressings for stabilisation at the IV catheter hub alone (Infusion Nurses' Society 

(INS), 2011).  
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2.7.2 Standard polyurethane and bordered polyurethane dressings. 

SPU and BPU dressings are also referred to as transparent, polyurethane, 

semi-permeable, window (BPU), and/or film dressings, as previously shown (see 

Figures 2.4 and 2.5), and are used to cover the catheter insertion site. BPU dressings 

are essentially an SPU dressing with a reinforced, opaque border with extra adhesive 

strips to secure the hub and tubing. Research about SPU dressings is first presented, 

followed by studies of BPU dressings. Product names of dressings are provided as 

named in the individual studies. Otherwise, where these dressings are referred to as 

polyurethane or film dressings, the terms SPU and BPU are used. 

The most commonly used SPU dressings used since the 1980s have been 

Opsite® (Smith & Nephew, North Ryde, 2013) and Tegaderm™ (3M™, St Paul, 

2013b), together with the more recent addition to available products, Opsite® 

IV3000® (Smith & Nephew, North Ryde, 2013). It is notable that the manufacturers’ 

product information states these dressings are not specifically designed to prevent 

catheter dislodgement, with their indications rather to cover and protect the insertion 

site, and to provide catheter fixation. This does not appear to be understood clinically, 

with SPUs often used as the sole product both for dressing and securement. Opsite®, 

a widely used SPU dressing, is marketed for the management of superficial wounds 

such as shallow pressure sores, minor burns, cuts and abrasions, for use as a 

secondary dressing, and also specifically with Opsite® IV3000® to provide catheter 

fixation. Tegaderm™ package information describes it as indicated to protect IV 

sites, enhance wound healing, prevent skin breakdown, and to protect clean, closed 

surgical incisions (3M™, St Paul, 2013b; Smith & Nephew, North Ryde, 2013).  
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Tegaderm™ is indicated for use to retain peripheral and central IV catheters 

only, but not to retain ACs, according to product testing guidelines as set out in the 

Surgical Materials Testing Laboratory (SMTL) Datacard for Tegaderm™ (Thomas, 

2002). The SMTL Dressings Datacard website is part of the Welsh National Health 

Service, and is dedicated to providing a repository of independently authored 

datacards and test reports on surgical dressings and bandages (Welsh National Health 

Service, 2013). Each datacard is written by an experienced author in the field, and 

submission requires peer reviewed papers, technical product information and product 

samples. It is unclear why SPU dressings were marked as unsuitable for ACs. This 

statement was unsupported by clinical evidence. Details of authorship were not 

disclosed, so the author was not able to be contacted. Anecdotally in clinical practice, 

SPUs are often used in this context. 

Historically, SPU dressings have been applied to AC and CVC insertion sites 

after the catheter has been sutured in place (Hudson-Civetta & Carruthers-Banner, 

1983). Suturing of catheters to enhance securement is now considered to contribute to 

CRBSI risk. (O'Grady et al., 2011; Yamamoto et al., 2002). Pathogenesis of CRBSI 

with sutures is that the skin flora migrate through the disrupted percutaneous entry 

site, with resultant increased bacterial colonisation. The literature provides evidence 

in PICCs (Yamamoto et al., 2002), and the CDC guidelines reflect this change in 

perspective (O'Grady et al., 2011), with advice to use an SSD in preference to suture, 

for intravascular catheters. 

There are distinctions between different SPU dressings with respect to size, 

permeability and weight (Thomas, 1977). There may be corresponding clinical 
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advantages in these variations, such as increased durability, improved catheter 

security, visibility of the wound or catheter site, and a better barrier to 

microorganisms. The manufacturers suggest these dressings provide infection 

protection by preventing the passage of liquids, bacteria and viruses through the 

dressing, while allowing water vapour, oxygen, and carbon dioxide to be exchanged 

with the surrounding air. This is measureable as the moisture vapour transmission 

rate to assess water vapour diffusion. However, no optimal transmission rate has been 

provided by clinical evidence (3M™, St Paul, 2013b). There is better patient comfort 

if the dressing conforms to body contours, stretches easily, and prevents skin stress 

with patient movement. Tegaderm™ dressings are radiologically transparent, and are 

made with a hypoallergenic, latex-free, acrylic adhesive, designed to be gentle when 

applied to the skin. Complete visibility of the site is provided by SPUs, allowing 

monitoring for signs of infection, leakage or catheter dislodgement (3M™, St Paul, 

2013b). SPUs may be worn for longer than tape and gauze (O'Grady et al., 2011), 

which enhances their affordability, with possible savings in nursing time and supply 

costs for dressing changes. 

Large studies of SPU dressings are restricted to IV use. These are discussed, 

but are not at present generalisable to ACs, with further research needed to 

investigate their use in ACS. The main studies are as follows, in order to describe the 

use of SPU dressings from an historical perspective. Four dressing regimens 

including SPU were studied in a large randomised trial of 2,088 peripheral IV 

catheters (Maki & Ringer, 1987). This study was early in the use of SPU dressings. In 

the control group, sterile gauze was used and changed every 48 hours. This group was 
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compared with groups using sterile gauze, an iodophor-transparent dressing, and 

SPU, which were all changed only if clinically indicated. The iodophor dressing was 

a combination of iodine with a surfactant carrier, used as a skin disinfectant. The skin 

was swabbed for all catheters on removal, and all catheter tips were cultured. These 

dressings were compared for infection risk as measured by skin and catheter 

colonisation and CRBSI. The iodophor-transparent dressing did not adhere as well, 

and there were minimal differences between the other dressings. Density of cutaneous 

colonisation of catheter insertion sites was the only statistically different outcome 

between groups. On day one, colonisation was significantly less in the iodophor-

transparent group, compared with the controls, p = .05. At the time of catheter 

removal, skin colonisation was significantly less in the control group and the 

iodophor-transparent group, than the gauze dressing left on indefinitely, p = .02. All 

dressings provided satisfactory coverage, with low rates of infection in the four 

groups. It was concluded that either gauze or SPU with high-vapour permeability 

could be used and left on indefinitely. This trial provided strong evidence that SPU 

dressings were equivalent to the previously used gauze-tape approach, with a large 

sample size and RCT design. A limitation was that the dressing manufacturer was not 

disclosed, but partial funding of the study was provided by 3M™, St Paul, 

manufacturers of Tegaderm™ dressings. Thus, there was potentially a resultant 

manufacturer bias. In the years after the study was published, there was an increased 

uptake of SPU dressings around the world. 

A meta-analysis of prospective cohort studies was performed to study the 

infection risks of using SPU as an IV catheter dressing compared with gauze-tape, 
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and included seven CVC studies and seven peripheral IV catheter studies (Hoffman, 

Weber, Samsa, & Rufala, 1992). There was a significantly elevated RR for catheter 

tip infection in both CVCs, RR 1.8, 95% CI [1.3, 2.3], and the peripheral catheters, 

RR 1.53, 95% CI [1.18, 1.99], associated with the use of SPU. In view of the results 

of this meta-analysis published in the Journal of the American Medical Association, 

gauze again began to be used in preference to SPU by some clinicians, with further 

study undertaken comparing gauze and SPU. Clinically, it was considered that gauze 

hampered care, as it only allowed for limited direct observation of the site for 

inflammation and signs of infection, and the catheters were not anchored as securely, 

since the gauze itself was not an adhesive. In addition, the gauze could become wet 

from water or body secretions, thus providing damp skin conditions suited to 

microbial growth, and had to be replaced more often than SPU. To consider these 

problems, an RCT was performed to compare SPU and gauze in IV catheters to 

prevent phlebitis, infiltration and catheter dislodgement (but not CRBSI) in 229 

patients. Catheter dislodgement was found to be significantly higher, p = .05, with the 

gauze dressing at 15%, compared with the SPU at 6% (Tripepi-Bova, Woods, & 

Loach, 1997). This study provided evidence and supported the increasing use of 

SPUs in peripheral IVs at this time.  

Contradictory results were found for CVC dressings when SPU was more 

recently compared with gauze and tape in a Cochrane systematic review of the best 

evidence in adults and children (Webster, Gillies, O'Riordan, Sherriff, & Rickard, 

2011). There was consideration of six trials, with four comparing gauze and tape with 

SPU (total participants, n = 337), and two comparing different SPU dressings (total 
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participants, n = 126). CRBSI was higher in the SPU group when compared with 

gauze and tape, odds ratio (OR) 4.19, 95% CI [1.02, 17.23]. There were no 

differences in catheter security, tolerance to dressing material or dressing condition. 

However, the sample sizes for many trials were small, and the evidence was generally 

of a low quality, and at a high risk of bias. 

Many manufacturers launched a newer generation of SPU dressing in the late 

1980s and the 1990s, which claimed to have higher permeability to water vapour and 

various gases. It has been theorised that the increased vapour permeability of newer 

style SPU dressings may increase the rate of evaporation at the catheter site, with the 

possibility of decreasing the rate of infection (Maki & Ringer, 1987; Wille, Van 

Blusse, Albas, Thewessen, & Alekseyev, 1993). Maki and Ringer (1987) found in 

their RCT of 2,088 peripheral IV catheters that moisture under the dressing was a 

significant risk factor for CRI, RR 2.48. They therefore recommended the use of 

water vapour permeable SPU dressings (Maki & Ringer, 1987). There have been no 

RCTs or other studies comparing the older and newer SPUs in ACs.  

BPU dressings entered the marketplace in the 2000s as a type of SPU dressing 

with a reinforced, opaque adhesive border, and a “window” designed for clinical 

observation. The BPU’s transparent window with the stronger opaque adhesive, has 

been described as having the advantage of a visible insertion site, while securing the 

catheter better than SPU, avoiding loosening and catheter movement (Schatzlein, 

2003). BPU dressings meet USA industry definitions of a catheter securement device, 

rather than simply a wound dressing. Such BPU dressings have been developed by 

3M™, St Paul (see Figure 3.2), Smith and Nephew, North Ryde, and others. The 
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BPU dressing of Tegaderm™ I.V. Advanced Securement Dressing (3M™, St Paul, 

2013a) and other similar dressings are increasingly used in Australia and around the 

western world by those who believe they minimise the risks and pain of catheter 

movement and dislodgement. According to product information, Tegaderm™ I.V. 

Advanced Securement Dressings are intended to provide increased securement in 

short-term CVCs and ACs. The patterned film adhesives of these dressings hold 

strongly, and form a seal around the catheter site when applied with firm pressure. 

The adhesives permeate irregular skin surfaces, thus increasing the total contact area 

for better adhesion, and build strength over the first four hours. The picture-frame 

design enables easier placement without touching the adhesive. The reinforced 

stabilisation border reduces the risk of edge roll, and thus maintains a more effective 

seal, while providing comfort and resistance to soiling. The deep notch is intended to 

shift the pull force from the edge to the centre, and then across the dressing, 

discouraging edge lift, and thus decreasing the risk of catheter dislodgement. 

Additional sterile tape strips are pre-cut for anchoring hubs, lumens or tubing to 

enhance stabilisation, and allow the dressing to withstand additional pull force. 

Tegaderm™ I.V. Advanced Securement Dressings plus tape strips are stated by the 

manufacturer to withstand twice the pull force of an SPU dressing (3M™, St Paul, 

2013a). As with SPU, this transparent film is said to allow effective oxygen-vapour 

exchange, while assisting in protection from external contaminants like bacteria and 

viruses infiltrating the catheter wound and contributing to CRBSIs. 

There are only a few studies that have investigated the clinical use of BPU 

dressings (Callaghan, Copnell, & Johnston, 2002; Flippo & Lee, 2011; Penney-



ARTERIAL CATHETER DRESSING AND SECUREMENT  

 

72 
 

Timmons, 2005). Callaghan et al (2002) performed a non-randomised trial of 407 IV 

catheters in paediatric patients, and compared 195 Tegaderm™ BPU dressings with 

212 IV catheters secured with tape alone. The trial was independent of manufacturer 

sponsorship. Catheter assessments were reported at 24 hour intervals up to 96 hours. 

Complications of dislodgement, insecure dressings, signs of phlebitis, and/or 

extravasations occurred in 41/212 (19%) catheters in the tape group, and at a 

significantly higher rate of 56/195 (29%) in the BPU group, p = .018. However, 

additional reinforcement of the tape dressing during the different dwell times was 

estimated (with no statistical comparisons) to have occurred two to six times more 

frequently for SPU than for the BPU. The BPU was described as generally more 

secure. The condition of dressings was also reported as better in the study group. This 

is perhaps not surprising, since using tape alone would ensure only a minimal surface 

area with adhesive cover, compared with the BPU. Penney-Timmons (2005) observed 

phlebitis and infiltration in relation to healthcare costs in 1,345 IV catheters, 

following introduction of an insertion kit (Centurion Medical Products, Howell, 

2013a), which contained a SorbaView® SHIELD BPU dressing, against standard 

care of no kit and SPU plus tape. The study was independent of manufacturer 

sponsorship. Over a six month period, phlebitis and infiltration incidence associated 

with the use of the insertion kit with the BPU dressing were zero, with cost savings of 

$188,640 in a 700 bed facility. No “pre-data” was provided on earlier complication 

incidence for comparison. Again, detailed statistical analysis of data was not provided 

in the study report. Limitations of both studies were non-randomised designs, no 

sample size calculations, no blinding, and lack of reporting detail. Thus, they only 
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provided weak evidence to support BPU use, especially as neither trial included ACs. 

Flippo and Lee (2011) performed a clinical evaluation of the SorbaView® SHIELD 

(Centurion Medical Products, Howell, 2013b) BPU dressing in IV catheters, 

conducted over three phases. During Phase 1, 85 nurses rated the dressing according 

to ease of application, securement ability, visualisation of the site and reliability. 

Phase 2 assessed the dwell time of the catheters, and Phase 3 repeated the nurses’ 

rating of the product following product training. The catheter failure rate was 8/94 

(9%). Overall performance of the SorbaView® SHIELD was rated by 86% of nurses 

as good to excellent. There were several limitations. There was no control group, the 

study was underpowered, and results were not statistically analysed. There was also a 

high possibility of manufacturer bias, with the study materials and in-service training 

provided by the dressing manufacturer. Overall, clinical studies to date have provided 

only limited and weak evidence regarding the effectiveness of BPU dressings, but 

they do suggest a potential benefit that needs to be further investigated. 

The properties of BPU have been compared with SPU and other securement 

methods in the laboratory setting. The amount of force required to remove a 

peripheral IV catheter with these dressings and securements in place was measured in 

an in vitro comparative study. Mechanical tests compared securement options on 

porcine skin and showed that neither SPU nor BPU dressings significantly increased 

the pull out force, compared with control catheters that had no dressing at all (p > 

.05) (Simonova, Rickard, Dunster, Smyth, & McMillan, 2012). This demonstrated 

that BPU, as well as SPU, did not significantly contribute to enhanced securement in 

the in vitro model. This may not translate to human tissue in the clinical setting, but it 
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raises a concern, particularly in addition to the limited clinical evidence regarding the 

efficacy of BPU dressings. 

2.7.3 Sutureless securement devices in peripheral arterial catheters. 

SSDs came into being in the 1990s. They anchor intravascular catheter hubs 

to the skin to provide suture-free securement, and are used with an SPU that covers 

the catheter insertion site. SSDs have an adhesive anchoring pad holding the catheter 

in place. These devices are designed to improve patient comfort and safety and are 

intended to minimise complications in different catheter types, in particular ACs. 

There is importantly a secondary benefit in the elimination of needle stick injury risk 

by avoiding sutures. The StatLock® Select Arterial Stabilization Device (Bard®, Salt 

Lake City, 2013) (see Figure 3.3)—as well as other SSDs that have now entered the 

market, such as Grip-Lok® (Zefon, Ocala, 2013), NovaCath™ (Tangent Medical, 

Ann Arbor, 2013), and SecurAcath (Interrad Medical, Minneapolis, 2013)—meet 

USA guidelines for sutureless securement as defined in the FDA guidelines. They are 

now recommended in both the INS and CDC guidelines (FDA US Food and Drug 

Administration, 2013a; Infusion Nurses' Society (INS), 2011; O'Grady et al., 2011). 

However, the majority of research studies to date have been performed with the 

StatLock® device. For registration, the USA FDA classification requires an 

intravascular catheter securement device to have an adhesive backing that is placed 

over the catheter, and is used to keep the catheter hub flat, or securely anchored to the 

skin (FDA US Food and Drug Administration, 2013a). CDC guidelines endorse SSDs 

in preference to sutures, to reduce the risk of infection related to intravascular devices 

(O'Grady et al., 2011; Yamamoto et al., 2002). The Infusion Nursing Standards of 
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Practice, 2011, Edition Standard 36, specifies the use of a catheter stabilisation 

device as the preferred alternative to tape or sutures (Infusion Nurses' Society (INS), 

2011). 

There is an absence of studies that have tested the effectiveness of SSD use in 

ACs compared with other dressings and securement, to prevent complications that 

cause failure. The only large scale study of AC securement compared standard care 

with an SSD plus SPU (Stephenson, 2005). This non-RCT studied 995 ACs secured 

with two “band aids” plus non-sterile tape as the control. Comparison of the clinical 

effect and cost benefit was made with 468 catheters secured with Tegaderm™ and the 

StatLock® Arterial Select device. There was an AC failure rate of 60/468 (12.8%) in 

the StatLock® group, compared with 253/995 (25%) failure in the control group, 

which was significant, p < .001. This represented a 48.8% relative reduction in AC 

failure with the StatLock® device. The SSD cost more to purchase, but its use was 

cost neutral in view of reduced complications (Stephenson, 2005). This independent 

study was powered to test the primary hypothesis, but had the limitations of a non-

randomised design and inequality of group sizes. Further study using an RCT design 

is needed. 

2.7.4 Sutureless securement devices in peripheral and central intravenous 

catheters. 

The successful use of an SSD with AC catheters (Stephenson, 2005) followed 

earlier reported successful use of the StatLock® SSD in IV catheters. Initially, a 

prospective cohort study in peripheral IV catheters (n = 105) compared “two band 

aids and tape” as control versus the StatLock® SSD (Wood, 1997a). The study 
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reported catheter failure of 36/55 (65%) for the control group compared with 10/50 

(20%) for the StatLock® group. This was a 45% absolute reduction in catheter failure 

and was statistically significant, p = .001. These results suggested superior 

performance for SSD. Limitations were the non-randomised design, and lack of 

blinding in this independent study. At this time, a similar claim for the effectiveness 

of the StatLock® SSD was made, following a retrospective chart audit of 178 patients 

with PICCs secured with the StatLock® SSD against a control group who had a 

combination of sterile and non-sterile tape (Wood & Bowe-Geddes, 1997b). There 

were 2.18 catheter failures per 1,000 days (StatLock® SSD group) compared with 

10.7 per 1,000 catheter days (control). This was an overall significantly reduced 

incidence of complications, p < .05, with the SSD. However, as a retrospective audit 

(and although unsponsored), this is considered as weak evidence of effectiveness. 

Sheppard et al (1999) performed a non-randomised trial (n = 30) comparing 

StatLock® SSD with SPU and non-sterile tape (control). Peripheral IVs secured with 

the StatLock® SSD had a significantly longer catheter life (3.95 days vs. 2.45 days), 

and significantly fewer total complications (155 vs. 65, p = .001) (Sheppard et al., 

1999). Limitations were the non-randomised design and the small study size. 

Additionally, one of the authors was a clinical field manager for the manufacturer of 

the StatLock® SSD, showing a high potential risk of manufacturer bias.   

Early in the twenty-first century, SSDs were investigated in three 

manufacturer-sponsored RCTs by the same researchers, published in the same paper. 

These studies investigated securement of 320 peripheral IVs and non-cuffed CVCs 

with the StatLock® SSD, in comparison with either tape or sutures (Schears et al., 
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2001). The individual trials are as follows. An RCT of PICCs was carried out in 100 

children, which compared tape and the StatLock®, while a separate RCT of CVCs in 

100 children compared sutures and StatLock®. A further RCT of PICCs in 120 adults 

compared sutures with StatLock®. A significantly lower incidence of catheter failure 

was observed in the paediatric trial of PICCs testing the StatLock®, with 4/50 (8%) 

unplanned removals in the StatLock® group versus 14/50 (28%) in the tape group, p 

= .05. Similarly, a relative reduction of catheter failure of 50% was represented by the 

results in the paediatric trial of CVCs, with failures of 6/50 (12%) for StatLock®, and 

12/50 (24%) for suture, but the difference was non-significant. In adults with PICCs, 

StatLock® and sutures had the same incidence of catheter failure, but this result was 

not significant. However, there were no catheter-related infections in the StatLock® 

SSD group, compared with 5/50 (10%) CRIs in the suture group (control), and this 

was a significant result, p < .05.  

The following year, CRBSI incidence was significantly lower in an 

independent RCT of 170 adult patients with PICCs secured with the StatLock® SSD, 

compared with sutures, 2/85 (2%) vs. 10/85 (12%),  p = .032 (Yamamoto et al., 

2002). The CDC guidelines at that time (O’Grady et al., 2002) advised that SSDs 

could be advantageous in the prevention of CRBSIs over sutures, but noted that the 

study performed by Yamamato et al (2002) had a limited number of patients, and was 

underpowered to detect significant differences in catheter failure. However, the 

incidence of catheter failure caused by dislodgment, infection occlusion, leakage and 

thrombosis was noticeably lower for StatLock® at 42/85 (49%), compared with 

61/85 (72%) for sutures. Later, Crnich and Maki (2002) performed a summary 
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analysis of adult data comparing the StatLock® SSD with sutures, and pooled the 

results of the previous initial studies (Schears et al., 2001; Yamamoto et al., 2002). 

They showed that 1/144 (0.7%) patients in the SSD cohort experienced CRBSI, 

compared with 13/135 (9.6%) patients in the suture group, p < .01. They concluded 

that SSDs were superior to sutures in reducing the risk of CRBSI (Crnich & Maki, 

2002). The initial use of SSDs with PICCs has extended into other CVCs, IVs and 

now ACs, with specific products increasingly appearing on the Australian market 

over the last five years.  

The landmark study by Yamamato et al (2002) in PICCs, as referenced in the 

CDC guidelines (O'Grady et al., 2011; O'Grady et al., 2002), is often cited in peer 

reviewed journals, providing level II evidence to support the use of the StatLock® 

SSD, in place of sutures in intravascular catheters to prevent infection (Yamamoto et 

al., 2002). Levels of evidence are highest at one, and increase on a scale from one to 

seven, as described by Polit and Beck (2008). This study was further assessed for 

validity, and also to assess whether its high citation status is justified by a critique 

performed using the Cochrane “risk of bias” criteria for RCTs, based on Cochrane 

Collaboration Tools (Higgins & Green, 2011). A “risk of bias” assessment used 

gradings of “low risk”, “high risk”, or “unclear risk” to clarify the degree of validity, 

in accordance with Cochrane. A high risk of bias occurred in the study performed by 

Yamamato et al (2002), because it lacked blinding of participants and personnel. This 

was not possible because of the unavoidable visibility of the study products, creating 

the potential for performance bias. Blinding of outcome assessment for patient 

reported outcomes was also not reported, which created a “high risk” for potential 
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bias. All patients were aware of the securement methods. Otherwise, the risk of bias 

was low. There was no manufacturer bias. Although previous reference has been 

made to the study being underpowered below 0.8 (O'Grady et al., 2002), results found 

statistically significant differences regarding infectious outcomes. There were 

significantly fewer PICC-related bloodstream infections in the StatLock® SSD 

intervention group, 2/85 (2.4%) versus the control, 10/85 (12%), p = .032. Skin 

colonisation was not reported. Thus, the StatLock® SSD performed better than 

sutures to prevent CRBSI in this study. The intervention also performed better in the 

prevention of dislodgement, 10/85 (12%) versus 12/85 (14%), and migration, 5/85 

(6%) versus 9/85 (11%), but these were statistically non-significant. The authors 

claimed that the StatLock® SSD provided the vital benefit of avoiding the risk of 

needle stick injury encountered with sutures, however no evidence was provided, and 

this is otherwise not verified by present findings in the literature. The generally low 

risk of bias and adequate sample size to detect some statistical differences, confirmed 

a valid study methodology. This validity and the RCT design ensured strong evidence 

that could reliably guide subsequent studies when considering the generalisability of 

the StatLock® device’s effectiveness over other intravascular catheters. However, 

further specific RCTs testing of SSDs for use with ACs is needed. 

Numerous non-randomised trials and audits studying securement with SSD 

use with IVs have provided low levels of evidence for the superiority of SSDs over 

SPU dressings, with additional limitations of small sample sizes and frequent 

manufacturer bias. A systematic review which is often cited, has evaluated 
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effectiveness of IV catheter securement in 10 non-randomised studies, and three 

RCTs (Alekseyev et al., 2012) (see Table 2.4). 
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Table 2.4 

Summary of Sutureless Securement Device Studies Adapted from Alekseyev et al. (2012) 

 
 

Author (s) Year Country Design 
Type of Catheter 

n 
Study Purpose 

Level of 

Evidence
a Outcomes 

Yamamato et al. 2002 Japan RCT 
  PICCs  

  n = 170 

Evaluate StatLock®  

SSD vs suture and PICC-

related BSI 
II 

Fewer complications with 

StatLock® (not significant); 

Fewer PICC-related CRBSIs,      

p = .32. 

Royer 2003 USA 
Prospective 

cohort 

  IVCs  

  n = 122 

Evaluate StatLock®  vs 

tape to secure IVDs V1 

StatLock® had 100% reduction 

in phlebitis, infiltrations, and 

occlusions. 

Stephenson 2005 USA 
Non-randomised 

controlled trial 

  ACs  

  n = 1,463 

Evaluate StatLock®  

Arterial Select vs tape 

and SPU  
VI 

48.8% reduction in unscheduled 

restarts, p = .001. 

Frey & Shears 2006 USA 
Review of RCTs 

and case series 

  

 CVCs  

 n = 100  

 IVs n = 291 

PIPICCs  

n n  = 248 

 

 

 

 

 

Evaluate 7 studies for 

standard tape (5) or 

suture (2) vs StatLock®  

IV 

Peripheral IVs reduction in 

dislodgement 95% CI, p < .05; 

Reduced complications PICCs 

24% and 71.4%, p < .05; CVCs 

reduction in unplanned removals 

50%, p < .05. 
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Author (s) Year Country Design 
Type of Catheter 

n 
Study Purpose 

Level of 

Evidence
a Outcomes 

McMahon 2002 USA Audit 

 

 PICCs  

 n = 1,212  

 

To evaluate 

securement pre and 

post StatLock®  SSD 

use 

VI 
Reduction in catheter migration 

from 6% to 1.5%. 

 

Callaghan et al. 

 

 2002 Australia 

Non-

randomised 

controlled trial 

IVCs   

n = 407 

To evaluate BPU v.   

standard tape in 

paediatric patients 

III 

  Reinforcement of control 

  more frequent, between 2 

  to 6 times and significant 

  at 72 hours. 

Penney-Timmons     2005   USA 
Descriptive   

study 

   IVCs   

   n = 1,345  

 

To test the    

performance of 

an IV securement 

kit of BPU and 

chlorhexidine v. 

No kit with SPU 

and povidone-

iodine 

VI 

Phlebitis almost zero and 

infiltration rates zero in 

6months, after kit 

introduced; Annual real 

cost savings $188,640. 

Shears   2006     USA 
Prospective            

cohort 

   IVCs  

   n = 10,164 

To describe 

outcomes of 

StatLock®  SSD 

v. tape regarding 

restarts and 

complications 

V 

Significant difference in      

catheter failure in 2 

groups, 4,123 (70%) in 

tape group, and 717 

(16.6%) in StatLock® 

group, p = .0001. Phlebitis 

rates with tape 3.6%, and 

StatLock® SSD 0.7%; RR 

5.08 (0.62, 7.1), p < .001. 
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Author (s) Year Country Design 
Type of Catheter 

n 
Study Purpose 

Level of 

Evidence
a Outcomes 

Smith 2006 USA 
Prospective  

cohort 
   IVCs n = 659 

To use non-sterile tape 

vs StatLock®  SSD v. 

HubGuard®  SSD to 

assess outcomes 

regarding a 96 hour IV 

change protocol 

 

VI 
StatLock® SSD survival to 96 

hours, 52%, (p < .001).   

Bausone-Gazda et al. 2010 USA RCT IVCs  n = 302 

 

Comparison of 

StatLock® SSD v. BD 

Nexiva™ Closed IV 

Catheter System SSD for 

complications and costs 

with catheter use up to 

96 hours 

 

II 

Catheter dislodgement/any 

complication/unit cost. Nexiva™ 

Closed IV Catheter System 2%, 

48%, $5.65 vs StatLock® 12%, 

53%, $7.56, 95% CI, up to 96 

hours. 

Martinez et al. 2009 Spain RCT IVCs n = 683 

To measure phlebitis and 

all complications with 

extension tubing v. no 

added extension tubing 

in peripheral catheters 

III 

 

HR for phlebitis was non-

significant, but mechanical 

complications lower with the 

extension tubing device, and 

evident after 6
th

 day of use,         

p = .02.  

 

 

 

 

Bolton 

 

 

 

2010 UK      Audit 
IVCs n =       

1,043 

Baseline cannula audit 

and audit of StatLock®  

SSD to assess effect of 

stabilisation 

VI 

Reduction of catheter failure from 

69.2% to 13% with StatLock® 

SSD, with no statistical analysis. 
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Author (s) Year Country Design 
Type of Catheter 

n 
Study Purpose 

Level of 

Evidence
a Outcomes 

Flippo & Lee 2010 USA 

Survey and 

prospective 

cohort 

  IVCs n = 109 

 

To rate and clinically 

evaluate the  

SorbaView®  SHIELD 

dressing 

VI 

94 (91.5%) of IVs remained in situ 

for 96 hours; There were 8 

incidences of catheter failure, and 

the study was not powered for 

statistical comparisons. 

 Note. CI = confidence interval; HR = hazard ratio; RR = relative risk; SPU = standard polyurethane; BPU = bordered polyurethane; SSD = sutureless securement 

device; AC = arterial catheter; CVC = central venous catheter; IVC = intravenous catheter; PICC = peripherally inserted central catheter; RCT = randomised 

controlled trial; 
a
 Levels of Evidence 1–7 (Polit &Beck, 2008).
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There were 20 studies selected for review, and 13 met the inclusion criteria as 

follows: (a) the report had to be research or outcomes-based and published in a peer 

reviewed journal, (b) the method of data collection and analysis, with statistical 

evidence reported, and (c) the report had to be published in the English language 

2000-2011. The seven excluded studies involved CVCs alone.  

The review considered studies which have also been reviewed individually, of 

the StatLock® SSD (Bausonne-Gazda et al., 2010; Bolton, 2010; Frey & Schears, 

2006; McMahon, 2002; Royer, 2003; Schears, 2006; Smith, 2006; Stephenson, 2005; 

Yamamoto et al., 2002),  BPU dressings (Callaghan et al., 2002; Flippo & Lee, 2011; 

Penney-Timmons, 2005), and a further study that investigated securement and 

complications in relation to the use of short extension tubing connecting the IV 

catheter to the catheter port (Martínez et al., 2009). Statistical comparisons were not 

consistently provided by the studies, and considerable variance in methods of 

outcome reporting was noted. There was minimal critiquing of the quality of each 

study, and meta-analysis was not performed. Assigned levels of evidence (one to 

seven) in the review did not always equate with the requirements for the assigned 

level as specified by Polit and Beck (2008), and these levels have have been amended 

to provide a more accurate summary. Alekseyev et al (2012) did not assess the RCTs 

according to a benchmark such as the Cochrane tools, as set out in the Cochrane 

handbook (Higgins & Green, 2011). Likewise, cohort studies and case series were not 

assessed according to a set of criteria, such as the Newcastle-Ottawa Scale for 

assessing the quality of non-randomised studies (Wells et al., 2013) with a system of 

stars. At best, this review describes trends in results, without clearly defining the 
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rigour of each study. This review, although providing level II evidence on a 

decreasing scale of 1-7 (Polit & Beck, 2008), has the major limitation of not fulfilling 

the requirements for a properly conducted review. Systematic critiquing and 

comparing of studies has not been conducted in sufficient detail. It is important to 

note the poor quality of this review, as it is the only review of this literature that is 

often cited in publications about the dressing and securement of IV catheters.  

2.7.5 Tissue adhesive. 

2.7.5.1 Overview. 

TA, commonly termed “skin glue”, has a history of wide use in surgical 

applications for closure of wounds and lacerations, repair of incisional hernia/gastric 

varices, and for use in retinal detachment (Amiel, Sukhotnik, Kawar, & Siplovich, 

1999; Faulborn & Witschel, 1978; Fernandez, Serantez, Cerquella, Fradejaz, & 

Moreno, 2000; Mumtaz et al., 2007). There are several types of TAs currently in 

routine medical use including human fibrin sealants, collagen-based sealants, protein-

based sealants, and synthetic polymer-based materials. These are widely used over a 

range of surgical specialties: general, orthopaedic, head and neck, and cranio-

maxillofacial surgery (Quinn & Kissack, 1994). A particular application is incision 

and laceration repairs in the emergency department and the community, including 

sporting injuries (Quinn & Kissack, 1994). Other medical applications include heart 

valves, dialysis, membranes, breast implants and aortic grafts (Buckley & Beckman, 

2010). As early as 1968, TAs had already been reported in surgical use for tracheal 

wounds, oesophageal tears, lung parenchymal injuries, small bowel anastamosis, 

vascular anastomosis, haemostasis and skin closure (Matsumoto, Pani, & Hamit, 
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1968). Further applications have included sclerotherapy for endoscopic treatment of 

ulcers, middle ear surgery, oral surgery, neuroradiology and obstetrics (Adoni & 

Anteby, 1999; Amiel et al., 1999). However, their use to secure intravascular 

catheters in human participants has until recently been negligible, and they are not 

currently marketed for this specific indication. 

Use of TA in veterinary medicine is routine. As with human participants, TA 

is used for skin closure (Faria, De Almeida, Serrão, De Oliveira Almeida, & 

Labarthe, 2005), canine and feline ophthalmology (Watté, Moore, & McClelland, 

2004), but is also used for securement of IV catheters and tubes (Portillo, Mackin, 

Hendrix, Boyle, & Chrestman, 2006). The Louisiana State University School of 

Medicine protocol for securement of an intranasal cannula for oxygen therapy is to 

secure the tube as close to the nostril as possible with cyanoacrylate adhesive (Marks, 

2009). Portillo et al (2006) performed a study to compare ease of placement of CVCs 

using a modified Seldinger technique with through-the-needle jugular placement 

technique in 35 anaesthetised dogs. Cyanoacrylate adhesive was employed to secure 

the catheter hub to the needle hub, and the needle to the needle guard, to prevent 

rotational movement or accidental disconnection. This was a standard procedure, and 

securement was not otherwise reported, as it was not part of the study focus (Portillo 

et al., 2006). Vetbond™ (3M™, St Paul, 2013c) brand of TA is indicated for 

veterinary use to close minor wounds, eliminating the need for sutures and bandages. 

Like Histoacryl® in human participants, Vetbond™ is not specifically indicated for 

use to secure intravascular catheters in animals, but is used for this purpose by 

veterinarians (Leef & Nowak, 2013).  
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2.7.5.2 Historical summary of tissue adhesive use in human participants. 

Currie, Sharpe and Martin (2001) traced the early human use of TAs from a 

chronological perspective. The first documented use of TAs in human participants 

occurred when Bergel reported the use of human fibrin as a biological adhesive in 

1909, after noting its haemostatic effect on wounds. In 1915, Gray used fibrinogen to 

treat cerebral haemorrhage. In 1940, Young and Medawar used fibrin to repair 

peripheral nerves. They were the first to describe the use of TA in nerve anastomosis, 

and used blood as the adhesive agent. In 1944, Tidrick and Warner also used human 

fibrin to glue skin grafts (Currie, Sharpe, & Martin, 2001)). In unrelated research in 

1949, the synthetic monomers, cyanoacrylates (the chemical term for certain types of 

TA), were first synthesised by Harry Coover (MIT, 2004). He headed a team of 

researchers who were investigating the use of cyanoacrylates to make clear plastic for 

precision gun sights in military weapons. The chemicals were difficult to work with 

because of their sticky properties, as moisture was causing the chemicals to 

polymerise, leading to bonding. This was impractical, so the cyanoacrylates were 

rejected. When Coover later began working at the Eastman Kodak chemical plant in 

1951, he reconsidered cyanoacrylates and recognised their potential. While studying 

heat resistant polymers for jet airplane canopies, it was found that cyanoacrylate 

monomers did not require heat or pressure to bond. The new product was patented, 

and was commercially marketed from 1958. It later became known as Superglue® 

(Massachusetts Institute of Technology, 2004). 

Rapid medical interest developed in cyanoacrylates (Coover, Joyner, Shearer, 

& Wicker, 1959). This began with field surgeons in the Vietnam War (1955 to 1975), 
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who used Superglue® to treat battle wounds. They sprayed it over open wounds to 

arrest haemorrhage, and this facilitated the successful transportation of injured 

soldiers to medical facilities (Massachusetts Institute of Technology, 2004). The first 

cyanoacrylate to be consistently used in clinical settings was methyl-2-cyanoacrylate, 

followed by isobutyl-cyanoacrylate (Bucrylate®) and 2-cyano-butyl-acrylate (Ronis, 

Harwick, Fung, & Dellavecchia, 1984). Cyanoacrylate adhesives became popular for 

medical use because of their significant bonding strength and their ability to bond in a 

wet environment (Weber & Chapman, 1984). Following the introduction of 

cyanoacylates in 1960 for arterial anastomoses (Nathan, Nachlas, Solomon, Halpern, 

& Seligman, 1960), they were used in many surgical situations, which developed into 

widespread use across a variety of specialty areas. They were employed in: general 

surgery (Cameron, Woodward, & Herrmann, 1964; Collins et al., 1969; Matsumoto, 

Pani, Kovaric, & Hamit, 1969; Matsumoto et al., 1968); ophthalmology (Calabria, 

Pruett, & Refonjo, 1971; Koch, 1980; Refonjo, 1971; Refonjo, Dohlman, & 

Koliopoulos, 1971; Webster, Harvey, Refonjo, Boruchoff, & Dohlman, 1968); dental 

surgery (Bhaskar & Frisch, 1968; Bonette, 1969; Council on Dental Materials and 

Devices, 1974); ear, nose and throat surgery (Frable, 1968; Kerr & Smyth, 1971); for 

transcatheter embolising techniques (Freeny, 1979; Goldman, 1978); as well as in 

urology (Fox, Rees, & Lomas, 1969); gynaecology (Neuwirth, 1980); neurosurgery 

(Albin, D'Agostino, White, & Grindlay, 1962; Dutton, 1956); and for limited 

application in orthopaedic surgery (Weber & Chapman, 1984).  

By 1970, alkyl-2-cyanoacrylates were manufactured in Europe, Japan, Israel 

and Canada. Despite the long-term medical use of TAs, formal approval by the USA 
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FDA for use of the brands Dermabond® (Ethicon, Somerville, 2013a) and Indermil® 

(Covidien, Dublin, 2013) was not achieved until 1998. With suture sensitivity 

reactions and the infective and needle stick risks associated with sutures, there has 

been increasing interest in TAs over the last half century. Butyl cyanoacrylate 

derivatives were first used as TAs in the role of skin closure compared with silk 

sutures. Healing properties were similar for both groups (Gosain & Lyon, 2002). 

They were then used to close wounds, stop bleeding, as topical wound sealants, to 

provide an antimicrobial barrier and to fixate structures where sutures and other 

fixation devices such as pins and plates could not be used (Quinn, 2005). 

2.7.5.3 Physical and chemical properties of cyanoacrylates. 

Synthetic cyanoacrylate adhesives are a family of liquid monomers, and are 

chemically synthesised from a condensation reaction of the colourless gas, 

formaldehyde, with the compound alkyl cyanoacetate (Clayden, Greeves, Warren, & 

Wothers, 2001). Rapid polymerisation at room temperature of the cyanoacrylate 

monomers causes the formation of very strong bonds (Comyn, 1997). The reaction 

terminates in the presence of water, air and acidic protons (Wagacki, Lewis, & 

Dadmun, 2007). Thus, all cyanoacrylates become adhesives in a similar manner. 

They are applied as monomers, which rapidly polymerise to a material of a high 

molecular weight (Brun & Worthington, 2000). However, in a landmark hamster 

study comparing TA with 4.0 silk sutures, butyl-2-cyanoacrylates were shown to 

cause histotoxic reactions to the skin, which were an inflammatory response, when in 

direct contact with a wound. Secondary fracture of the fixative also occurred (Galil, 

Schofield, & Wright, 1984). This led to the development of octyl cyanocrylates, 



ARTERIAL CATHETER DRESSING AND SECUREMENT  

 

91 
 

which were considered particularly suitable for cutaneous application, with a 

chemical composition of longer side chains that (it was thought) allowed a stronger 

and more flexible bond (Gosain & Lyon, 2002). This evidence of the biocompatibility 

of cyanoacrylate TAs confirmed safe medical use with long-chain cyanoacrylates. It 

was thought by some researchers that the long chained cyanoacrylates minimised the 

risk of histotoxic and foreign body reactions that occurred with limited use of short-

chain cyanoacrylates (methyl cyanoacrylates) (Leggat, Smith, & Kedjarune, 2007; 

Schneider, 2009). It was noted that conventional Superglue® (methyl cyanoacrylate) 

was a hard, brittle material, whereas the octyl and butyl cyanoacrylates were more 

resilient when cured, and were therefore more useful (Buckley & Beckman, 2010). 

The strength and many other physical properties of cyanoacrylates, such as the setting 

time and degradation rate of the polymer, directly relate to the structure of the alkyl 

side-chain. It is now known that short, straight-chain derivatives (ethyl or butyl 

cyanoacrylate) form stronger bonds when compared with long-chain derivatives, such 

as octyl cyanoacrylate (Simonova et al., 2012). This is contrary to the reports from 

earlier studies that stronger bonds were achieved with octyl cyanoacrylates (Galil et 

al., 1984; Gosain & Lyon, 2002). Local skin reactions or trauma were not reported 

with butyl cyanoacrylate TA used for catheter and tube securement during in vitro 

studies (Simonova et al., 2012), supporting limited studies by Wilkinson et al. (2007, 

2008), who reported no skin problems (Wilkinson & Chikhani, 2007; Wilkinson et 

al., 2007).  

N-2-butyl cyanoacrylate is marketed under the trade name Histoacryl® (B 

Braun, Bella Vista, 2013). Product indications for Histoacryl® (B Braun, Bella Vista, 
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2013) brand of TA are for closure of smooth and fresh skin wounds, closure of skin 

in endoscopic incisions, and sclerosation therapy of large oesophageal and fundal 

varices. Histoacryl® rapidly polymerises (a process of bonding of chemical chains) 

when in contact with tissue fluid. It is available in a translucent colour, which is 

suitable for facial application, and blue, which is coloured with the dye D & C Violet 

#2 to assist in visibility of the applied layer (FDA US Food and Drug Administration, 

2013b). Bonding may be reversed with warm, soapy water, petroleum gel, saline 

solution or 5% solution of sodium bicarbonate (B Braun, Bella Vista, 2013). Potential 

adverse effects that may occur when Histoacryl® is used for topical skin closure are: 

bonding to unintended tissues, thermal discomfort during polymerisation, allergic 

reaction, foreign body reaction, tattooing and chronic non-healing of a wound (B 

Braun, Bella Vista, 2013) 

2.7.5.4 Antimicrobial properties of cyanoacrylates. 

The antibacterial effect of n-2-butyl cynoacrylate has been investigated in an 

in vitro study of Histoacryl® vial contamination during reuse. The remaining glue in 

five vials from an emergency department, which had been used on multiple occasions 

to close skin lacerations, was cultured on agar plates (Quinn, Osmond, Yurack, & 

Moir, 1995). There was no bacterial growth from any of the Histoacryl® vials. These 

researchers were also interested in determining any inhibitory effects of the glue on 

microbial pathogens. Quinn et al. (1995) further tested Histoacryl® on agar plates 

inoculated with several test organisms. The soft tissue pathogens and skin 

contaminants, both Gram-positive and negative, were Streptococcus pneumoniae, 

Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli and 
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Pseudomonas aeruginosa, as well as Candida albicans, A drop of the glue was 

applied to the centre of each plate and incubated at 35 degrees for 18 to 20 hours. 

Histoacryl® appeared to alter the agar medium, showing a sharp border and a 

dehydrated appearance. There was effective inhibition of Gram-positive organisms, 

most commonly found in CRBSIs, which indicated a potentially valuable use against 

common skin pathogens. The authors suggested that such inhibitory physical effects 

were caused by heat release and moisture removal during polymerisation of the 

adhesive. Additionally, small quantities of formaldehyde and cyanide were known to 

be released during the processes of polymerisation and degradation of the glue, with a 

resultant cytotoxic effect, which may have contributed to the physical alterations in 

zones on the agar plates, where inhibition of bacterial growth occurred (Quinn et al., 

1995). Common Gram-positive organisms associated with epidural catheter 

abscesses, as well as Gram-negative and fungal species, were later tested using 

Histoacryl® glue (Wilkinson, Chikhani, Mortimer, & Gill, 2008), using a comparable 

method to Quinn et al (1995). There were some identical and other similar test 

organisms: Methicillin Susceptible Staphylococcus aureus (MSSA), Methicillin 

Resistant Staphylococcus aureus (MRSA), Streptococcus pneumoniae, Pseudomonas 

aeruginosa, Enterococcus faecalis, Escherichia coli, coagulase negative 

staphylococcus, and Candida albicans. As with the study by Quinn et al (1995), 

Histoacryl® showed specific inhibitory effects on all of the Gram-positive organisms, 

but there were no inhibitory effects on the Gram-negative organisms or Candida 

albicans.  
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Matthews (1993) investigated the bacteriological safety of using 

commercially available over-the-counter, cyanoacrylate adhesive “Superglue” for 

tacking skin grafts into place. This investigation took place because of the 

considerable expense of medical grade cyanoacrylate TAs. The commercially 

available product was found to be sterile when purchased. It was used for multiple 

patients, but was found to remain sterile during use and between patients. Evidence of 

bacteriostatic properties was recorded. These results indicated that the product was 

bacteriologically acceptable, and the cost was 28% of the medical grade product. No 

details of ethical approval or patient consent were included in the report (Matthews, 

1993). 

During in vitro study of cyanoacrylate TAs using a porcine skin model, 

bacterial growth of two Gram-positive species, Staphylococcus aureus and 

Staphylococcus epidermidis were tested (Simonova et al., 2012). These organisms are 

two common components of normal skin flora, and are often associated with 

intravascular CRBSIs. Agar containing a pH sensitive dye (bromocresol purple) was 

used. This pH indicator agar changes from purple to yellow to indicate bacterial 

growth, when bacteria are actively producing organic acids (Bhende, Rothenburger, 

Spangler, & Dito, 2002). Bacterial growth was assessed at 18 hours post-inoculation. 

There was no visible growth under the TA, and no penetration of bacteria along the 

intravascular catheter tunnel in agar at either 18 or 72 hours. In comparison, for both 

SPU and BPU, there was no growth at the catheter entry point or along the catheter 

tract at 18 hours, but there was growth under and surrounding both dressing edges at 
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this time. By 72 hours, there was bacterial growth at the catheter entry point and 

along the catheter tract for both products (Simonova et al., 2012). 

It may be concluded from the literature that cyanoacrylate TAs form an 

effective barrier against Gram-positive microorganisms. These microorganisms 

constitute common skin pathogens that threaten wound integrity in ACs. 

2.7.5.5 Use of cyanoacrylates for the catheter and tube securement. 

Limited clinical use of TAs to secure invasive catheters or tubing has been 

reported in the literature. The first use for securing any type of catheter in human 

participants was reported in the USA in 2004, to prevent displacement of epidural 

catheters in place during labour (Gunn, Schultz, Muir, Phillips-Bute, & Reynolds, 

2004). A drop of the glue, n-butyl-2-cyanoacrylate, was placed at the catheter 

insertion sites of seven patients’ lumbar epidural catheters. The anaesthetists 

performing the study considered the “skin glue” would be beneficial to prevent 

displacement. They thought this would restrict catheter migration, and therefore limit 

catheter failure rate. In this case series, six out of seven catheters showed no 

movement, and no complications were reported. The seventh catheter was dislodged. 

Limitations of this study were no control, small sample size, lack of randomisation, 

and no reported statistical analysis.  

Effective securement of CVCs and further use in epidural catheters has been 

achieved in a limited capacity using Histoacryl® in adults. A small number of case 

studies and case series have shown TA to prevent accidental dislodgement of these 

catheters (Wilkinson & Chikhani, 2007; Wilkinson et al., 2008; Wilkinson & Fitz-

Henry, 2008; Wilkinson et al., 2007). Wilkinson & Chikhani (2007) performed a 
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small experimental trial in 30 healthy volunteers to secure thoracic epidural catheters 

with Histoacryl® TA. This investigation had the stated view to minimise “fall out” 

rates (Wilkinson & Chikhani, 2007). The typical epidural failure rate due to 

premature detachment in the UK was stated as 15%. In an attempt to reduce this, the 

epidural catheter was looped and bonded to the skin between the scapulae, and four 

points were secured with Histoacryl®. This was then covered with an SPU dressing. 

The participants were followed up daily over four days. The catheters were flushed to 

check patency, and the points of adherence were checked regarding attachment status. 

The volunteers’ activity levels were documented. The catheters were then removed. 

There were no reported adverse events, skin or systemic reactions to Histoacryl®. No 

catheters “fell out” (Wilkinson & Chikhani, 2007). 

Wilkinson, Sheikh, and Jayamaha (2007) used Histoacryl® to secure CVCs in 

a case study. They secured a three-port femoral CVC in an obese burns patient, where 

suturing was difficult due to positional and anatomical reasons. Other considerations 

in using the “skin glue” were the considerable risk of infection, and that the catheter 

was most likely to be required for an extended period. Suturing would have been 

particularly painful in this case, and the risk of needle stick injury was eliminated. 

The “skin glue” was known to have a mechanical strength, as well as bacteriocidal 

properties that were potentially useful in preventing infection (Schmeissner & Weber, 

1970; Wilkinson et al., 2007). After insertion, the catheter was coated sparingly with 

a thin layer of Histoacryl® at the insertion point and the wing tips, and was held in 

place for 30 seconds, allowing the tissue adhesive to set. There were 30 lines 

subsequently secured in surgical patients undergoing anaesthesia in a similar manner, 
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with complete success according to the authors (Wilkinson et al., 2007). This brief 

report was contained in a letter to the editor of a peer reviewed journal, and did not 

provide a full account of the study. No controls were used for comparison, and non-

randomisation was also a limitation. However, the report provides support for further 

investigation in intravascular catheters, in particular ACs. 

Wilkinson and Fitz-Henry (2008) later briefly reported the use of 

Histoacryl®, having further tested its use to secure thoracic epidural catheters in 

comparison with standard sutures. The clinical trial ran over a five day period. 

Anaesthetists were able to choose whether to use suture or Histoacryl®, and 

participant numbers were not reported. After insertion, and if Histoacryl® had been 

chosen as the securement method, the catheter was coiled and bonded to the skin at 

three points, with additional bonding at the entry site. The catheter loop was then 

covered with an SPU dressing. The “fall out” rate was stated as reduced from 12.3% 

to 3.8%. (Wilkinson & Fitz-Henry, 2008). No statistical comparisons were made. No 

further details were provided in this brief study report in correspondence to the editor 

of a peer-reviewed journal. Although as a non-randomised case series it is lower level 

evidence, there was a control group. This level of evidence provides a “base” for 

RCTs to further explore the efficacy of TA to secure catheters.  

Cyanoacrylate TAs have been tested in vitro on intravascular catheters 

(Simonova et al., 2012). Firstly, two adhesives—Histoacryl® and Dermabond®—

were studied for potential deleterious interaction with the catheter material. Then, 

both “skin glues” were compared with SPU (Tegaderm™ 1624W), BPU 

(Tegaderm™ 1633), and the SSD (StatLock®) for their ability to prevent 
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dislodgement in a new born porcine skin model, and to inhibit microbial growth in 

the laboratory. The SSD was instead termed an “external stabilisation device” in this 

study. Three removal agents, Remove™ (Smith & Nephew, Saint-Laurent, 2014) 

paraffin, and acetone, were tested for their ability to remove TA without damage to 

the catheter or skin. An Instron 5567 was used to assess the pull out force, defined as 

the tensile strength measured in N (Newtons) required to remove the IV catheter from 

the skin. This showed that neither an SPU nor a BPU dressing significantly increased 

the pull out force, compared with no dressing at all, p > .05. There was significantly 

increased pull out force for both the tested TAs and the external SSD (Dermabond®, 

p < .01; StatLock®, p < .01; and Histoacryl®, p < .001). Application of additional 

dressings of SPU over the TAs did not significantly improve the pull out force to TA 

alone. Securement with Histoacryl® resulted in a bond which was twice as strong as 

Dermabond®, and four times as strong as SPU.  

Since addition of SPU dressings on top of TAs was found not to increase the 

pull out force over TA alone, it was suggested that SPUs may not be necessary to 

strengthen bonds. Both adhesive brands tested were reported as quick and easy to 

apply, showed no irritation or skin damage on removal, and no bacterial colony 

growth was recorded. Neither adhesive degraded the catheter material. Both required 

a much greater pull out force than non-fixed controls and current securement 

methods. With TA said to loosen naturally after five to ten days by natural 

degradation, it could be removed prior to this with a solvent. Three solvents, 

Remove™, paraffin and acetone, were tested for compatibility with the catheter 

material by measuring the tensile breakage strength of the catheter after application 
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with each chemical agent, against a control without the chemical agent. Acetone was 

the only product that significantly weakened the intravascular catheter, p = .05, so it 

was not recommended by the authors as a safe option to remove TA. Compared with 

the dressings, cyanoacrylate TAs prevented Gram-positive organism growth down the 

catheter tract. Limitations of the study were the use of a new born porcine skin model 

for assessment of tensile forces, which likely does not adequately represent human 

hospitalised patients. Also, the application of TAs and removal products occurred for 

one hour only. Thus, the results may not apply after longer periods of use. 

Nevertheless, this in vitro pre-clinical data successfully explored the suitability of the 

use of TA for effective catheter securement, before exposure to patients on a broad 

scale. Indications were that either Histoacryl® or Dermabond® provided superior 

peripheral intravascular catheter fixation in vitro, compared with non-fixed controls 

and current securement and dressing methods (Simonova et al., 2012). 

2.8 Summary 

Patients in the OT and ICU are at risk of having peripheral ACs dislodged or 

inadvertently removed, with possible mechanical and infectious complications and 

resultant catheter failure. The situation may be critical, with the potential for life 

threatening complications including haemorrhage following inadvertent removal, and 

CRBSI. There are few studies about mechanical complications leading to catheter 

failure in ACs, which may be contributed to by inadequate dressing and securement 

of the AC. Research continues to be conducted about the incidence and outcomes of 

CRBSI which causes catheter failure in ACs, however, often these studies compare 
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incidence with other intravascular catheters, and associations with dressings and 

securement have not been investigated. Most important, there is limited literature 

about dressing and securement of ACs in general. No AC studies investigate SPU 

dressings. BPU dressings show promise when used with IV catheters, but have only 

had limited testing with ACs. The one large study of dressing and securement of ACs 

has focused on SSDs, and has shown a significant reduction in AC failure, suggesting 

these devices may improve AC outcomes. The application of TA to perform 

securement for intravascular catheters is a new concept, recently added to its many 

uses. In summary, a review of the literature has shown no studies investigating a 

variety of dressing and securement methods and catheter failure in ACs.  

A framework of the elements on how to best manage an AC, in particular 

optimal dressing and securement, is presented as follows, to systematically categorise 

the discussed literature: 

 AC description, characteristics and usage 

 Potential complications, classified as most serious and mechanical or infectious 

 Peripheral AC insertion techniques and problems 

 Dressings and Securement Devices to facilitate best catheter and infusion tubing 

maintenance, to prevent complications and decrease AC failure 

The literature review identified adequate numbers of studies which presented 

information about the device, functions, and major complications of ACs. However, 

it is impossible to discuss ACs in isolation from data on other types of intravascular 

catheter. Mechanical and infectious complications were frequently published with 
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ACs or infusion sets as compared to peripheral IV catheters or CVCs, and sometimes 

pulmonary artery catheters. Studies about the incidence of AC infectious risk also 

often compared these with other intravascular catheters. Further, the problem of 

accidental removal of devices has seen published comparisons of ACs with other 

catheter types and even with nasogastric tubes in one study (Carrión et al., 2000). The 

effectiveness of dressings and securements for ACs alone has not been a 

comprehensive area of previous study, with only the one large, non-randomised study 

in ACs. In contrast, studies about effectiveness of dressing and securement are 

numerous for IV catheters, both peripheral and central. No RCTs exist to investigate 

dressing and securement methods for ACs, therefore review of related literature in 

other device types is prudent and informative. 

These identified gaps in the literature support research for this doctoral study, 

which is both timely and relevant. It is clear from this literature review that previous 

research about safe and effective dressing and securement of ACs to prevent catheter 

failure has not been adequate to constitute a strong evidence base for practice. The 

limited evidence provided by initial studies of TA for successful securement catheters 

and tubing and minimise infection risk, is a major impetus for this doctoral project. A 

research study has been designed to address the gaps in the literature with inadequate 

numbers of randomised controlled trials to inform the dressing and securement of 

ACs, but still to complement the work of previous researchers. The methods used to 

carry out the research are presented in Chapter Three.   
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Chapter 3: Methodology 

3.1 Introduction 

This chapter presents the methods used to conduct the study including the 

conceptual frameworks, research questions and design, study endpoints, data 

collection processes and the approach to data analysis. The validity and reliability of 

the outcome measures are also addressed. The study setting is described, together 

with the nature and size of the sample, and the variables collected. Ethical 

considerations are explained. 

3.2 Design 

The study was a four-arm, parallel trial of randomised, controlled, superiority 

design. It was a single site pilot trial. The term “pilot” refers to initial background 

research for a potential future, larger RCT to be undertaken after this student 

research. The use of the word “trial” indicates that an intervention was included in the 

study design. This pilot trial was intended to function as a test to ensure that a future 

larger trial would be designed optimally, capable of being implemented in practice, 

and that the novel interventions were feasible inclusions (Arnold et al., 2009). There 

were parallel groups, which meant that participants would be concurrently 

randomised to groups over the study period. Superiority trials are used to verify that a 

new treatment is more effective than the control treatment (Zhong, 2009). In the 

larger trial, the superiority design would ensure the interventions were hypothesised 

as superior to the control interventions. This is the design to be tested for feasibility 

for the larger trial, in this pilot study. The four-arm design was selected to study three 
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interventions compared to control. An advantage of the four-arm design with three 

experimental agents is the 50% reduction in sample size in a single trial, in contrast to 

four separate trials, as the control group is only required once (Friedlin, Korn, Gray, 

& Martin, 2008). 

An empirical analytical paradigm underpinned this study. The methodology 

followed the philosophical perspective of positivism and objectivism, and assumed 

universal truths able to be observed under controlled observation. This philosophical 

perspective considers that knowledge and meaning exist objectively in the world 

independent of human concerns, waiting to be discovered. Therefore, the principles 

of true experiment, manipulation and randomisation were used, employing the 

scientific approach of an RCT (Higgs, Jones, Loftus, & Christensen, 2008). 

3.2.1 Overview and justification of pilot trial methodology. 

The terms “pilot work”, “pilot study”, “feasibility study”, and “pilot trial” are 

often used without clear definition in the literature (Arain, Campbell, Cooper, & 

Lancaster, 2010). It is noted that a pilot trial is not a “feasibility study” per se. The 

term “feasibility study” has been discouraged by Arnold et al. (2009), as it does not 

capture the full scope of such a study. This pilot trial provided background research to 

inform the potential future study, while having the important function of ascertaining 

the feasibility of performing a larger trial on the topic. It was also an “external study”, 

which stood alone, as opposed to an internal pilot study which is incorporated in the 

main study design (Lancaster, Dodd, & Williamson, 2004). This view concurs with 

previous authors who view pilot trial studies as small scale versions of the planned 

study (Prescott & Soeken, 1989; Thabane et al., 2010). Pilot studies can be limited to 
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research studies with hypotheses, objectives and specific methodology, while pilot 

trials may be restricted to stand alone studies that include randomisation procedures 

(Arnold et al., 2009). Thus, this student study was a pilot trial, as it used 

randomisation. It was designed to ensure optimal design of future trials, facilitating 

implementation of results into practice. This approach is recommended by the 

Medical Research Council of the UK, which provides guidance in the evaluation of 

complex interventions. Feasibility and piloting are included as key elements of the 

development and evaluation process of intervention development (Craig et al., 2008). 

Evaluation of feasibility includes acceptability of the trial and intervention, 

compliance, delivery of the intervention, recruitment, retention and effect sizes.  

The rationale for performing pilot research may be classified by clarifying 

process, resources, management and scientific aspects (Thabane et al., 2010). Process 

questions assess the feasibility of the research steps needed in a large study, such as 

recruitment and retention rates. Resource assessment considers time and budget 

problems anticipated in the main study. Management involves potential personnel 

and data management issues. Scientific classification deals with estimation of 

treatment effect, the safety of interventions, and the response to interventions. The 

primary function of this pilot trial was to assess the feasibility of a full scale study of 

novel technologies for dressing and securement of ACs in terms of randomisation, 

retention, sample size, data collection procedures and acceptability of interventions, 

as previously outlined and described in the literature (Beebe, 2007; Lancaster et al., 

2004; Leon, Davis, & Kraemer, 2011; Moore, Carter, Nietert, & Stewart, 2011).  
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A research plan was developed, including research questions for the larger 

study. Researchers were trained, and stakeholders were convinced that the main study 

was worthwhile. The intention was that details of the pilot trial would be included in 

grant applications to future funding bodies, who would be convinced the research 

team was competent, and that the main study was feasible (Van Teijlingen & 

Hundley, 2013; Van Teijlingen, Rennie, Hundley, & Graham, 2001).  

In summary, a pilot trial is a randomised study and most important, a 

preliminary investigation to assess feasibility, safety (with the reporting of adverse 

events), or the acceptability of interventions (Arnold et al., 2009), following the same 

methodology as the proposed larger trial. Thus, pilot trials have been confirmed as 

standalone studies, and can be considered as miniature RCTs (Arain et al., 2010; 

Arnold et al., 2009). It was essential to plan to provide staff training to offer 

experiences confirming competencies and skills for the study (Leon et al., 2011). As 

an “external pilot”, this pilot trial was to be carried out independently of the main 

study, addressing design uncertainties and data collection processes (Lancaster et al., 

2004; Thabane et al., 2010). The execution of such a pilot trial was designed to sit 

within the scope of a student project, as well as to be instructive, by providing 

relevant data to inform feasibility. These requirements were needed for the planning 

and design of future, large trials. As this pilot trial was the first step in the exploration 

of novel interventions with unknown comparisons, this was an important 

consideration in the selection of this design. 
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3.3 Conceptual Frameworks 

Conceptual frameworks provide diagrams of the research process and 

demonstrate how knowledge develops and contributes to the field of study. Broad 

ideas and principles are taken from the relevant fields of enquiry to structure the 

research and to assist with obtaining meaning from subsequent findings (Reichel & 

Ramey, 1987). There were two conceptual frameworks developed for this study. 

First, there was the conceptual framework for the cause effect phenomenon under 

study; that is, the effect of dressing and securement on AC failure. Second, there was 

a conceptual framework about the place of the selected design within a broader 

methodological context of evidence generation. These will now be explained in more 

detail. 

3.3.1 Cause effect phenomena conceptual framework. 

A conceptual map was developed to show details of the conduct of the pilot 

study and to clarify the process of enquiry (see Figure 3.1). 
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Figure 3.1. Cause effect phenomena conceptual framework showing the contribution of patient factors, situational factors, and 

types of dressings and securement devices to arterial catheter failure.
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This schematic framework considers that influential physiological, 

psychological and situational patient factors may affect the types of catheter failure. 

Factors implicated are the physiological considerations of dressing adherence and 

securement ability, the presence of infection, and the medical condition of each 

patient. Different skin characteristics (Andrews et al., 1985) and the different 

adhesive qualities of each dressing (Rippon & Davies, 2007) have an impact on the 

effectiveness of dressings and securements. AC infection risk is associated with skin 

microorganisms entering the body through the break in skin integrity at the time of 

catheter insertion (Raad et al., 1993). Each patient’s psychological status is also taken 

into consideration. Delirium is reported to occur in 80% of the sickest ICU patients 

(Girard, Prandharipande, & Ely, 2008). A known adverse outcome of delirium in the 

ICU is accidental removal of catheters (Dubois, Bergeron, Dumont, Dial, & Skrobik, 

2001). ACs may fail because of accidental removal in an agitated and restless patient 

with an inadequately secured catheter. Workplace factors such as a busy work 

environment could affect AC failure by lack of nursing time to assess dressing and 

securement status in terms of adhesion, as well as optimal catheter position for 

accurate monitoring. The main types of catheter failure are accidental removal, 

dislodgement, occlusion, monitor failure and infection; these are presented in the 

conceptual framework. The different dressings and securement devices investigated 

in the pilot trial are hypothesised as contributing to the cause of catheter failure. The 

framework illustrates the potential contributions of different dressings and 

securements, as well as physiological, psychological and situational influences on 

catheter failure or non-failure. This multifactorial model shows the many components 
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that impact on AC care, contributing to a complex pathway that affects patient 

outcomes. 

3.3.2 Methodological conceptual framework. 

Evidence-Based Practice (EBP) methodology considers the process of 

integrating clinical expertise, patient values and the best research evidence into the 

decision making process for patient care. These concepts are illustrated in clinically 

relevant research conducted with a sound methodology (Sackett, Rosenberg, Gray, 

Haynes, & Richardson, 1996). EBP is well-placed as the methodological framework 

for this research study. The pilot trial is positioned as the feasibility testing phase 

preceding a large randomised trial. The evidence gained from the pilot trial allows 

progression to the large RCT, which then contributes to a strong evidence base that 

can be drawn upon for expert decision making and best EBP, in conjunction with 

available clinical expertise and patients’ preference and values (see Figure 3.2).
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Figure 3.2. Methodological conceptual framework of the contributions of a pilot trial to a large randomised controlled trial that 

informs the literature, and provides decision makers with knowledge of best research evidence, while acknowledging clinical and 

patient influences for decision makers to guide Evidence-Based Practice (Craig et al., 2008; Sackett et al., 1996; Thabane et al., 

2010).
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This framework presents a useful foundation for the study. It ultimately 

proposes to provide the best possible research evidence to support the patient care 

process, to inform effective clinical decisions and optimal outcomes. The framework 

supports the intention of providing valuable data to guide and improve practice. The 

pilot trial approach enables an external test of feasibility for a future large RCT in 

terms of process, management, resources and the science. If deemed feasible, the 

large RCT, in conjunction with other international studies, and in the context of 

clinical skills, resources and patient values, will contribute sound knowledge, guiding 

decision makers to ensure future EBP for the care of patients with ACs. 

3.4 Research Questions for Larger Trial 

Research questions were initially devised for a large trial to enable planning 

and implementation the pilot trial, to assess the feasibility of performing the large 

RCT on the topic. The following questions were asked: 

 Question 1. How effective are BPU, SSD, and TA compared with SPU to 

prevent failure of peripheral ACs inserted in the OT and cared for in the ICU? 

 Question 2. Of BPU, SSD, and TA, compared with SPU, which is the most 

cost effective dressing/securement method to prevent failure of peripheral 

ACs in the OT and the ICU? 

 Question 3. How acceptable are BPU, SSD, and TA to patients and health 

care professionals in comparison with SPU? 
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3.5 Hypotheses for Larger Trial 

Primary null hypothesis: There will be no significant difference in the 

incidence of AC failure in patients with peripheral ACs secured with BPU, SSD and 

TA, compared with patients receiving SPU. 

Secondary null hypotheses: 

 Null hypothesis 1: Patients with peripheral ACs that were secured with BPU, 

SSD or TA will have no significant difference in AC life compared with patients 

receiving SPU. 

Null hypothesis 2: Patients with peripheral ACs secured with BPU, SSD, or 

TA will have no significant difference in rates of any form of AC failure—catheter 

dislodgement, monitor failure, occlusion, phlebitis, or infection—compared with 

patients receiving SPU. 

Null hypothesis 3: There will be no significant difference in costs of BPU, 

SSD and TA securement methods compared with SPU. 

3.6 Outcome Measures for Larger Randomised Controlled Trial 

3.6.1 Overview. 

Primary and secondary outcomes formulated for the larger trial were tested in 

this pilot trial. The outcome data provided initial estimates of effect size for future 

studies. 

3.6.2 Primary outcome. 

The primary endpoint was peripheral AC failure. The variable was 

dichotomous; that is, the AC either failed or did not fail. AC failure was defined as a 
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composite of any reason for unplanned device removal prior to completion of 

therapy, as the various pathways lead to the same outcome of AC removal 

(Freemantle, Calvert, Wood, Eastaugh, & Griffin, 2003; Graf, Newman, & 

McPherson, 2006; Yamamoto et al., 2002). AC failure was thus defined as one or 

more of: 

 Complete AC dislodgement: The catheter body is no longer in the artery.  

 Occlusion: The AC will not flush; is unable to be used to aspirate blood; there 

is monitoring failure (inadequate haemodynamic trace), or leakage occurs 

when flushed. 

 Phlebitis: two or more of pain, redness, swelling, palpable cord or arterial 

streak. A phlebitis score was also used to rate the degree of the symptom. A 

four point scale graded AC site has zero with no symptoms, four as pain at the 

access site with erythema and/or oedema, streak formation and palpable cord, 

greater than 2.5 cm in length and with purulent drainage (Higginson & Parry, 

2011; Infusion Nursing Standards of Practice, 2006; Jackson, 1998). 

 Infection (local or CRBSI): local infection was indicated by purulent 

discharge from the AC entry site. CRBSI and diagnosis required matching 

microbial growth from the catheter tip > 15 cfu from a catheter tip segment by 

semi-quantitative, that is roll-plate culture, and peripherally drawn venous 

blood culture (Maki & Ringer, 1991; Mermel et al., 2009; O'Grady et al., 

2011; Webster et al, 2008).   
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3.6.3 Secondary outcomes. 

 Peripheral AC dwell time: hours from insertion to removal. 

 Types of peripheral AC failure: dislodgement, occlusion, monitoring failure, 

phlebitis, local infection or CRBSI (as defined above) were also considered 

separately.  

 Costs: direct hospital costs for a total episode of AC care, including costs of 

device replacement, dressing and securement costs, and treatment of 

complications. 

 Device colonisation: tip culture positive, as defined above. 

 Workload: time in hours per day required by the Principal Investigator (PI) to 

perform the pilot trial tasks was assessed. This was measure in four areas of 

work: time to perform tasks pre-study commencement, time to recruit patients, 

time to perform data entry tasks per patient, and time to perform all research 

tasks post-protocol implementation 

3.7 Guiding Questions and Outcome Measures for Pilot Trial 

The pilot trial with a randomised controlled design, had the most important 

function of testing the feasibility of performing the larger trial, as outlined in the 

research questions, hypotheses, and outcomes, previously. Guiding questions for this 

pilot trial were to provide answers to guide feasibility outcomes. The questions are as 

follows: 
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 Question 1. Is it feasible to secure peripheral ACs with BPU, SSD and TA, 

compared with SPU in the OT and ICU in terms of costs, and patient and 

carer satisfaction? 

 Question 2. Is the research protocol feasible in terms of recruitment, 

eligibility criteria, retention, protocol adherence, as quantified by numbers 

screened, numbers enrolled, numbers randomised, rates of retention, 

adherence, and attrition? 

 Question 3. What are the resources required to conduct a large multi-centre 

trial of BPU, SSD and TA versus SPU in terms of time, budget, facilities and 

scheduling? 

 Question 4. Is management of the research feasible in terms of personnel and 

training needs, capacity, coordination, data collection, intervention acceptance 

and satisfaction, as well as gaining ethical approval? 

 Question 5. Are the scientific aspects of the research feasible in terms of the 

delivery and nature of the intervention, safety and efficacy, viability, design, 

instruments, randomisation and missing data? 

 Question 6. How do initial estimates of effect size and preliminary 

quantitative statistical analyses provide a guide to the proposed sample size 

and data analyses in the larger trial? 

Particular details of the feasibility outcome measures of ease of dressing/device 

application and patient and staff satisfaction are now described. 
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3.7.1 Ease of dressing/device application. 

Ease of dressing/device application was measured on a Numerical Rating 

Score (NRS) which was chosen as there was no prior existing tool to measure this 

concept. Such scales are used in many healthcare environments. A rating scale with 

scores 1-10 was selected, as there were sufficient points to extract the necessary 

information, with a range of five to 11 recommended in the literature (Friedman & 

Friedman, 1997). These scales have the advantage of being short and easy to 

administer (Krebs, Carey, & Weinberger, 2007). Following application of the 

dressing/device, the relevant staff member rated the degree of difficulty of application 

on a scale of 1-10 (0 = extremely difficult, and 10 = very easy). 

3.7.2 Patient and staff satisfaction. 

At device removal, the registered nurse asked the patient about their level of 

satisfaction with the dressing removal, as well as overall satisfaction with the 

dressing/securement, both on 11-point NRSs (one = completely dissatisfied, and 10 = 

completely satisfied). The removing nurse was also requested to rank the degree of 

difficulty in removing the dressing/securement product using an 11-point NRS (0 = 

extremely difficult, and 10 = very easy). 

3.8 Research Plan 

The trial design was implemented with three experimental groups of patients 

with peripheral ACs secured with (i) BPU dressing (Tegaderm™ I.V. Advanced 

Securement Dressing 1683, 3M™, St Paul); (ii) SSD (StatLock® Arterial Select 

Stabilisation Device, Bard® , Salt Lake City); and (iii) TA (Histoacryl®, B Braun, 
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Bella Vista). The control group had their ACs secured with the usual dressing of 

standard care SPU (Tegaderm™ 1624W, 3M™, St Paul).  

3.9 Setting 

The research setting comprised the OT complex and the Department of 

Intensive Care Medicine at the Royal Brisbane and Women’s Hospital (RBWH), 

which is a tertiary, academic affiliated, government hospital with > 1,000 beds. There 

are 22 OTs catering for all surgical specialties, except cardiac and paediatrics. The 

Department of Intensive Care Medicine has a 36 bed capacity. Referrals are from 

throughout Queensland, northern New South Wales and the Pacific Rim. The 

casemix is varied, including trauma, medical and surgical emergencies, neurology, 

women’s health, oncology and haematology. Approval was gained from departmental 

heads, Griffith University, and the local Human Research and Ethics Committee to 

perform the study. 

3.10 Sampling Framework 

3.10.1 Population and sample. 

The study population was patients with ACs inserted in the OT and admitted 

to the ICU post-operatively. The ICU had 1,173 surgical admissions with ACs in 

2010.  The study sample was drawn from all surgical patients for post-operative 

admission to the Department of Intensive Care who met the inclusion criteria, and 

had no exclusion criteria. 
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3.10.2 Inclusion and exclusion criteria. 

3.10.2.1 Inclusion criteria. 

All the following criteria were required to be satisfied for inclusion: 

 adult patients  ≥ 18 years 

 informed written consent  

 planned insertion of an AC in the OT 

 expected use of an AC in ICU post-operatively. 

3.10.2.2 Exclusion criteria. 

Any of the following criteria excluded patients from the study: 

 non-English speaking patients without an interpreter 

 AC to be inserted through burned, diseased, or damaged skin 

 extremely diaphoretic patients, as subjectively assessed on recruitment 

 known allergy to any study product. 

3.10.3 Sample size. 

The sample size was 120, comprising three intervention groups of 30 

participants each, and one control group of 30 participants. Since the primary aim of 

this pilot trial encompassed testing feasibility and not hypothesis testing, power 

calculations were not the appropriate consideration in choosing the pilot trial sample 

size. The International Conference on Harmonisation for clinical trials guidance 

recommends the number of participants in a trial should be large enough to provide a 

reliable answer to the questions addressed (Kaur & Choy, 2012). Accordingly, the 
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sample size of the pilot study still needed to be adequate to meet the aims. The 

sample needed to be representative of the target study population, was based on the 

same inclusion/exclusion criteria as proposed for the larger trial, and was large 

enough to provide useful information.  

Different recommendations have been made regarding sample size in relation 

to the purpose of a pilot study (Johanson & Brooks, 2010). In this case, a group size 

of 30 was selected to provide comparison of groups for feasibility, and intervention 

efficacy, while being realistic regarding time and cost (Hertzog, 2008). Large RCTs 

are powered to detect small but clinically significant treatment effects. The concepts 

of minimal importance difference (MID) and sufficiently important difference (SID) 

describe these small effects. MID may be defined as the smallest difference in score 

in the domain of interest that patients perceive as important and require clinical 

change (Guyatt, Osaba, & Wu, 2002). MID may be estimated using such measures as 

patients’ retrospective rating of change, clinical scales or classifications, standard 

error of measurement, and effect size (King, 2011). SID is the smallest amount of 

patient-valued benefit to justify costs, risk and other harms (Barrett, Brown, Mundt, 

& Brown, 2005). Both beneficial and harmful endpoints must be cautiously reported 

(Loscalzo, 2009). Although not powered for clinical significance, this pilot trial 

sought to find small but clinically important differences in some outcomes that would 

guide investigation in the larger trial, in particular for beneficial and adverse effects, 

and for estimating costs. 

Assessment of instruction clarity, formatting or aspects of trial administration 

may only require a sample as small as ten participants per group. Sample sizes of 12 
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have been shown to make a difference by further reducing the width of CIs for mean 

responses, improving parameter estimates. Therefore, they are justified according to 

feasibility, precision about the mean and variance, and regulatory considerations 

(Julious, 2005). For every unit increase in the sample size per arm there is a gain in 

precision, but this is less pronounced once the sample size has reached 12. This 

phenomenon has been referred to as the “rule of 12”, and it has been successfully 

applied to continuous variables to estimate average values and variability when 

planning larger trials (Julious, 2005; Van Belle, 2002). The “rule of 12” therefore 

guided the choice of a sample size of 12 consecutive daily assessments for the 

continuous endpoints of this trial, of “PI time” and “data entry time”.  

CIs also played a role in justifying the chosen sample size by estimating a 

plausible range for the true population for feasibility and acceptability outcomes (for 

example, proportion of patients receiving the allocated intervention, or the average 

patient satisfaction with the product). The CI range assists in quantifying the 

imprecise nature of the sample estimate (Moore et al., 2011). Conventional CIs of 

95% were likely to be unrealistic, with 90% and as little as 68%, more in keeping 

with the size limitations of a pilot study. With 20 participants it is possible to be 68% 

confident that the estimate is accurate within eight percentage points for non-

parametric measurements (Hertzog, 2008). By doubling the sample size to 40, this 

reduces the error in estimation to six percentage points, although the gain in precision 

may not justify the additional participants, depending on the consequences of 

inaccuracy. This study sample of 30 per group thus could achieve at least 68% 

confidence of an accurate estimate of AC failure within a 7% margin of risk for 
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inaccuracy, however, emphasis must be on the feasibility objectives and outcomes of 

the pilot trial. This contrasts with the larger RCT where the sample size is derived 

from the estimated effect of interventions on a clinically important outcome. It was 

important that wise use of resources indicated a sample size that was no larger than 

necessary (Hertzog, 2008).  

3.10.4 Screening and recruitment. 

Consecutive eligible patients were recruited in the Anaesthetic Pre-admissions 

Clinic or as inpatients prior to surgery, from 1 September 2012 to 28 March 2013. 

The student/PI was at the hospital from 0600 to 1630 hours, Monday to Friday. 

Approximately 30 minutes were allocated for the screening and recruitment of each 

patient. Patients were assessed for inclusion and exclusion criteria, study explanations 

were performed, study information sheets were provided, informed consents were 

requested, and baseline documentation was completed (if consent was provided). A 

diary was kept of screening and recruitment activity. 

Appointment details were available for patients attending the Anaesthetic Pre-

admissions Clinic the afternoon prior to presentation to hospital, which allowed for 

planning of patient recruitment interviews. Patients who had been allocated a surgical 

date for a complex elective procedure requiring AC monitoring, and subsequent pre-

booked ICU care, were selected for screening. Many other patients who attended this 

clinic did not have an allocated date for their surgery. For the first three months of 

recruitment, these patients were also interviewed, consent documents were 

completed, and the patient was placed on the trial waiting list. This procedure was 

subsequently reviewed, as these patients often remained on the waiting list for an 
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extended and unpredictable period. For the final four months of recruitment, only 

patients with booked OT dates were recruited via the Anaesthetic Pre-admissions 

Clinic. These patients, who were booked for complex surgery were routinely admitted 

through the Day Surgery Unit on the day of surgery, or directly as inpatients, having 

been assessed in the Anaesthetic Pre-admissions Clinic previously. Theatre lists were 

checked each morning and afternoon for any of these recruited patients. Informed 

consent had already been obtained, and baseline documentation was then completed.  

3.10.5 Consent. 

Permission was granted from the Human Research Ethics Committee of both 

the hospital and Griffith University to recruit up to 200 elective surgery patients. 

Written informed consent was obtained from participants or their representatives, 

with approval for this process gained from the Queensland Civil and Administrative 

Tribunal (QCAT). As this was the student pilot stage of the planned larger future 

trial, approval was granted for both trials in the name of the PI of the larger trial, 

although the student investigator was also named within the application (see 

Appendix F). The patients or their representatives were provided with a participant 

information sheet (Appendix G) to read prior to giving consent, and for future 

reference. This facilitated the patients giving fully informed consent. The document 

provided a description of the research study. A brief definition of the intravascular 

device was given, followed by a description of common problems that cause 

intravascular devices to fail, indicating the inadequacy of current dressings and 

securement. The study’s purpose of testing the effectiveness of four 

dressings/securements for the intravascular device was given. Selection of a dressing 
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method by a random selection process was explained. When the patient had signed 

the consent form, details of participation were completed in the patient’s hospital 

record. A copy of the signed consent form was added to the record, a copy of the 

consent was given to the patient, the chart was marked with the protocol number of 

the study, and a sticker was placed on the cover of the paper record, showing that it 

was to be kept in secure storage for 15 years, complying with the requirements of the 

Australian Code for the Responsible Conduct of Research (Australian Government 

National Health and Medical Research Council (NHMRC), 2007a). A dated and 

timed entry was made in the progress notes. This recorded that the patient had been 

fully informed about the study, the risks were explained, the participant information 

sheet had been provided, and the consent form was signed. 

3.10.6 Randomisation and allocation concealment. 

Randomisation was performed using centralised web-based randomisation 

provided by Griffith University (http://www151.griffith.edu.au/). Randomisation is 

the process used to assign trial participants to treatment groups to evenly distribute 

known and unknown confounders of outcomes at baseline (Beller, Gebski, & Keech, 

2002). All potentially confounding variables were therefore likely to be distributed by 

chance across the groups. Computerised random generation of assignments, with 

concealed allocation until the point of entry, were used to avoid allocation bias, which 

could result in overestimates of effect (Kunz, Vist, & Oxman, 2008). Allocation 

concealment refers to the prevention of the next allocation assignment being known 

to participants, investigators and healthcare providers, before the subject is entered in 

the study (Viera & Bangdiwala, 2007). Thus, participants, investigators and 

http://www151.griffith.edu.au/
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healthcare providers in this trial were never aware of the next allocation assignment. 

The process of randomisation was a series of events, beginning with the random 

allocation sequence generation, and ending when participants were assigned to the 

intervention or control groups. When written consent was given, the PI accessed the 

randomisation service website customised for the trial, and was advised of the group 

allocation.  

Patients were randomly assigned on the day of surgery to one of the three 

treatment groups or the control group in a 1:1:1:1 allocation ratio using block 

randomisation. Simple randomisation (not used in this trial) is truly random, but has 

the important limitation that uneven numbers of participants may be allocated to each 

group. This may be an issue, especially with a small sample size. Block 

randomisation was used to reduce the risk of different numbers being assigned to the 

intervention groups and control group. Randomisation may be generated with a fixed 

block size, or several block sizes, and allocated in any order. Randomisation in this 

study occurred using randomly permuted blocks of four and eight. Thus, the block 

size and specific order were chosen at random at the beginning of each block, which 

could not be predicted by the PI or clinical staff. Importantly, at regular points in the 

trial, block randomisation ensured a balance between the numbers of participants 

assigned to each intervention versus the control, by having equal numbers in the 

intervention and control groups (Beller et al., 2002). There was only one episode of 

randomisation per patient, as only one catheter per patient was studied.  
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3.10.7 Blinding. 

Blinding, or double blinding, was not considered possible for the clinical staff 

in this trial since they needed to access the AC for blood sampling, and undertake 

regular assessment of the insertion site and dressing quality. Blinding or “masking” 

refers to the process whereby each trial group to which the participants are assigned is 

not known or easily inferred by those who are “masked”. Masking can occur at any 

level of an RCT, including participants, investigators, healthcare providers and data 

collectors (Viera & Bangdiwala, 2007). In this trial, the interventions were visible to 

patients, and all clinical medical, technical, research and nursing staff who 

participated in the interventions and the standard care. Non-blinding allowed the 

possibility of treatment bias and assessor bias, but this was considered unavoidable. 

However, some outcome assessors were blinded, namely the laboratory staff for the 

microbiological outcomes of catheter colonisation, site discharge cultures and blood 

cultures. This prevented assessor bias influencing these outcomes. 

3.11 Procedure for Arterial Catheter Insertion and Study Product 

Application 

ACs were inserted and secured by a qualified consultant anaesthetist or a 

medical officer in an anaesthetic training programme (registrar or senior registrar) in 

the OT. An anaesthetic nurse or anaesthetic technician assisted with the procedure. 

Prior to commencement of the procedure, the PI informed the AC inserter and the 

assistant of the randomised study product. The product and packaging were then 

discussed, and correct application was explained by the PI, with reference to 
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laminated illustrated application instructions, as recommended by the manufacturer. 

Details of timing for the dressing application, and the need to rate the ease of 

application were also explained. Support was provided with the PI being present for 

the insertion and application of the study product, to ensure the product was applied 

appropriately, promoting internal validity.  

After a clinical hand wash, a sterile dressing pack was opened to provide a 

sterile field of a small fenestrated drape, green gauze squares, 2% chlorhexidine 

solution swabs in alcohol base, Vygon® 20 gauge AC or equivalent 20 gauge 

catheter, and the selected dressing or securement. A semi-permeable waterproof sheet 

was placed under the patient’s forearm and hand. The anaesthetist, wearing a theatre 

cap, performed a clinical hand wash and donned sterile gloves, in accordance with to 

CDC guidelines. Wearing a mask for the procedure was also recommended   

(O'Grady et al., 2011). A sterile technique was used to place the drape over the radial 

artery in the wrist. A pre-packaged swab stick soaked in 2% chlorhexidine and 

alcohol was used to clean the skin. A minimum strength of  > 0.5% chlorhexidine 

with alcohol is recommended for skin preparation prior to AC insertion as per CDC 

guidelines (O'Grady et al., 2011). When the skin was dry, the AC was inserted into 

the radial artery or other selected artery, and the inserter or assistant applied the 

allocated securement method. The AC transducer tubing was then connected to the 

catheter, using an aseptic technique. The procedure was documented in the hospital 

chart.  
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3.12 Trial Groups 

There was one control group and three experimental groups. The control 

dressing was Tegaderm™1624W (control SPU). The interventional dressing and 

securements were Tegaderm™ I.V. Advanced Securement 1683 (BPU), StatLock® 

Arterial Select Stabilisation Device (SSD) and Histoacryl® (TA).  

3.12.1 Tegaderm™ (3M™, St Paul, 2013b) 1624W (control standard 

polyurethane). 

Two usual care Tegaderm™ 1624W (SPU) dressings, 6 cm by 7 cm, were 

placed to surround and cover the AC insertion site, one under the catheter tubing, and 

one over the AC, following removal of the paper backing to reveal the adhesive (see 

Figure 2.1). These were transparent borderless dressings that allowed complete 

visualisation of the AC site. This regime was chosen as the control treatment, as it 

was the current pre-study usual care for ACs in the OT complex, and had been for 

many years. This method of usual care was also used by a large number of the same 

anaesthetists at other hospitals, including private practice. The usual care dressings 

were used for ACs inserted in the OT. 

3.12.2 Tegaderm™ (3M™, St Paul, 2013a) I.V. Advanced Securement 1683, 

bordered polyurethane. 

The BPU dressing selected was 3M™ Tegaderm™ I.V. Advanced 

Securement 1683 (BPU), 6.5 cm by 7 cm. This dressing had been identified in the 

literature as a useful securement method in peripheral IVs (Schatzlein, 2003), and had 

received favourable anecdotal reports from other clinicians in the workplace. It was 



ARTERIAL CATHETER DRESSING AND SECUREMENT                                        

128 
 

readily available from hospital supplies. The manufacturers indicated additional 

adhesive properties and superior securement properties to SPU. Because it was an 

alternative polyurethane dressing with claims of additional properties to the control, it 

was viewed that it would be at least as effective as the control. The BPU was placed 

over the AC insertion site, and the dressing application was a multi-step process. 

After skin preparation, it was important that the skin was allowed to dry completely. 

The sterile dressing was removed from the package. The liner of the dressing was 

removed to expose the adhesive. The dressing was held with the adhesive side facing 

the skin, and was positioned with the bottom of the notch placed directly below the 

AC hub. The notch was then pinched around the catheter. Firm pressure was applied 

over the film to establish adhesion to the hub and the skin. The ends of the notch were 

wrapped beneath the catheter hub and firm pressure was applied. The frame was 

slowly peeled back while simultaneously pressing down the dressing edges. Pre-cut 

sterile tape strips were removed from the paper frame. The tape strips were applied to 

reinforce the dressing border over the hub, where the transducer set connected to the 

catheter (see Figure 2.4).  

3.12.3 StatLock® (Bard®, Salt Lake City, 2013) Arterial Select Stabilisation 

Device (Sutureless Securement Device) with standard polyurethane. 

This particular SSD was chosen as, unlike other SSDs, it was a dedicated AC 

product, had universal application for use with any brand of AC, was readily 

available from the manufacturer, and was the only SSD available in Queensland, 

Australia at the time of the pilot trial. The StatLock® Arterial Stabilisation Device 

SSD was attached to the catheter hub (see Figure 2.6). This was done according to the 
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following steps. The skin was allowed to completely dry after skin preparation of the 

insertion and stabilisation sites. The AC tubing was firmly attached to the catheter, 

following catheter insertion. A Tegaderm™ 1624W SPU dressing was applied to the 

insertion site, according to the manufacturer’s instructions. The provided skin 

protectant was applied to the stabilisation site and allowed to dry for ten to 15 

seconds. Tincture of Benzoin, which was also provided from the manufacturer, was 

applied to stabilisation sites and allowed to dry. The StatLock® SSD anchor pads 

were then aligned so that the directional arrow pointed toward the insertion site. The 

StatLock® red device retainer was pressed over the extension set, directly behind the 

luer lock, while supporting the extension set underneath with the index finger. Further 

pressure on top of the retainer ensured engagement. The paper was peeled back from 

the device anchor pads, one side at a time, which were then placed on the skin. These 

pads extended approximately 4 cm on either side of the red device retainer. The 

securement procedure was then complete (see Figure 2.6). 

3.12.4 Histoacryl® Blue (B Braun, Bella Vista, 2013) (Tissue Adhesive) with 

standard polyurethane. 

Histoacryl® Blue was the chosen TA. This choice followed the demonstrated 

superiority of Histoacryl® when compared with the similar product Dermabond® 

during in vitro study to test the pull out force required to dislodge venous catheters 

(Simonova et al., 2012). Other factors regarding its choice were that Histoacryl® had 

been reported as successfully used by anaesthetists to secure epidural catheters and 

CVCs in a small number of human patients and healthy volunteers (Wilkinson & 

Fitz-Henry, 2008; Wilkinson et al., 2007). Further consideration was made between 
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the two products Histoacryl® and Histoacryl® Blue. They were both available from 

hospital supplies as sterile, liquid topical skin adhesives, and were identical, except 

that Histoacryl® Blue is coloured with the dye D & C Violet #2 to allow easier 

visualisation of the thickness of the adhesive layer applied. Histoacryl® Blue was 

therefore selected for this trial. It was sealed in an external packet, so the exterior of 

the ampoule remained sterile. Histoacryl® is liquid until exposed to acid, base, 

alcohol, water or water-containing substances such as human tissue. On exposure it 

polymerises to form a film that bonds to the underlying surface. The adhesive was 

applied sparingly to the AC, (Vygon®, Ecouen, 2013) with drops applied at the 

insertion site, and a thin film under the wing tips of the catheter, sealing the insertion 

site and securing the catheter to the skin (see Figure 2.7). When the TA had bonded, 

the insertion site was covered with usual care SPU (Tegaderm™ 1624W). This 

additional dressing was applied to assist preventing the catheter tubing being caught 

in equipment or bedding during complex positioning in the OT, and while in transit to 

the ICU. It had been shown in in vitro testing that such an additional dressing did not 

add strength to the pull out force required to dislodge the catheter in an ex vivo 

porcine model (Simonova et al., 2012). However, consensus among senior 

anaesthetic consultants was that an additional dressing may protect against the 

constant risk of shearing forces. These forces are ever present in the dynamic OT 

environment, and could have a detrimental effect on the AC and attached line. 

Although TA has a high tensile strength, requiring a high pull out force in this plane 

for dislodgement, it has low shear strength, so rotational action can break the 

adhesive bond (Smith & Wyatt, 2008). Using this rationale, the additional dressing 



ARTERIAL CATHETER DRESSING AND SECUREMENT                                        

131 
 

was added to the protocol to assist maintenance of the catheter tubing alignment with 

the AC, close to the point of insertion, and to avoid rotation.  

3.13 Clinical Aspects of Peripheral Arterial Catheter Care 

Methods of AC dressing, administration of AC/infusion set care and removal 

of catheters are standardised throughout the OT and the Department of Intensive Care 

Medicine, following guidelines from Queensland Health and the CDC. AC care was 

performed by clinical staff in accordance with hospital policies. Staff were instructed 

that study products could be replaced as needed (for example, if loose), with 

additional supplies of randomised products left at the bedside, as well as instructions 

on how to apply and remove. Sterile gauze could be used temporarily if the AC site 

was bleeding or oozing, or if the patient was diaphoretic, as recommended by the 

CDC (O'Grady et al., 2011). Post-operative care and monitoring was performed by 

registered nurses and intensive care specialists or registrars, in the Department of 

Intensive Care. The use of products (frequency of use and reasons for dressing 

changes) was recorded on a single page data sheet at the patient’s bedside (see 

Appendix B). This was completed by clinical staff, with daily checking and updating 

performed by the PI. Standardised additional securement was used in all groups for 

the AC tubing. The tubing was secured to the forearm with Velcro® tape, which was 

included in the transducer monitoring tubing set, approximately 10 cm from the site 

of AC insertion. Additional Hypafix® (Smith & Nephew, North Ryde, 2014) 

adhesive, non-woven fabric stretch tape was also applied over the tubing to attach it 

to the forearm, about 5 cm from the insertion site. 
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3.14 Procedure for Peripheral Arterial Catheter Removal 

ACs were to be removed as per usual practice when: 

 they were no longer required 

the device was faulty (dislodged, blocked, failed monitoring or leaking related 

to dislodgement or blockage) or the patient could not tolerate it (phlebitis) 

 the AC/tubing was suspected as the cause of local infection or CRBSI. 

The decision to remove the AC was at the discretion of ICU medical staff, 

with no influence from the PI. Removal of the AC and preparation of the tip 

specimen for culture (if the treating clinician suspected CRBSI) was performed by 

ICU nurses, as per usual clinical practice. A clinical hand wash, sterile gloves, a 

sterile dressing pack and a sterile drape were used. The insertion site was swabbed 

with 2% chlorhexidine in an alcohol base and allowed to dry. The AC was then 

removed with a 2 cm distal portion severed with sterile scissors, and placed in a 

sterile specimen jar. AC tips sent to the microbiology laboratory were cultured 

according to Maki’s semi-quantitative technique (Maki et al, 1977), as per standard 

hospital laboratory practice. 

3.15 Strategies to Promote Protocol Adherence 

The two main strategies to deal with and minimise non-compliance with the 

study protocol were ongoing education and surveillance. All personnel, nursing and 

medical, were experienced in AC care, and undertook education about protocol 

requirements prior to the study’s commencement to reinforce the study protocol. 
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Ongoing informal education was provided daily by the PI to minimise non-

compliance, as required. 

3.15.1 Education. 

Presentations were provided to Pre-Admission Clinic, anaesthetic and ICU 

staff prior to the study commencement, at multiple times, to allow for maximal staff 

attendance. The project was explained in detail, including the title, aim, objectives 

and protocol requirements. Laminated information sheets were provided and 

available in the OT for device insertion and operative care, and then accompanied the 

patient to the ICU bedside. Photographs illustrated each study intervention and the 

control, as applied to a patient (see Figures 2.4 to 2.7). Additional laminated cards 

showed product information protocols for correct intervention application and 

removal. A dot point protocol description was included, with the PI’s contact details 

clearly specified (see Appendix A). Further bedside documents were the nurses’ data 

collection tool (see Appendix B), and the data entry sheet for completion by the PI 

(see Appendix C). 

The bedside study packs were delivered to ICU administration officers when 

trial participants were in the OT, after AC insertion. The administration officers 

arranged for the packs to arrive at the correct patient bedside on patient admission 

from OT. For after-hours admissions, the administration officers communicated with 

ICU nurse team leaders to facilitate the correct flow of study packs. This approach 

addressed anticipated challenges with constantly changing bed allocations in a large 

ICU. Daily verbal communication with the bedside ICU nurses by the PI ensured 
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correct transfer of information and documentation, and further confirmed the study 

protocol. 

3.15.2 Surveillance. 

Weekly audits of compliance with the protocol, and daily checks of product 

use were performed by the PI. Each week’s data sheets were checked for protocol 

breaches and individual anecdotal comments to assess the smooth running of the trial, 

in terms of educational needs and operational requirements. The PI addressed 

comments and questions on an individual basis. Protocol packs were collected from 

ICU daily on removal of ACs, and restocked accordingly. This promoted 

homogeneity of practice, and promoted confidence that the intervention was tested as 

planned.  

3.16 Data Collection and Management 

The data collected were pertinent to the main aim and objectives of the study. 

Data was collected in a systematic and consistently monitored manner. A 

standardised data collection tool had been developed and then adapted by Griffith 

University Information Technology Services, to be used on a personal laptop 

computer by the PI. A paper data collection form mirrored some of the computer-

based data points and was kept at the bedside for convenient documentation by ICU 

nurses. This document provided a useful backup to the computer-based data, and also 

allowed for the addition of spontaneous anecdotal comments by ICU nurses. 
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3.16.1 Primary outcome. 

ACs were checked daily by the PI, who collected the primary endpoint data. 

This data was recorded from patient assessment and the medical records, with 

additional information obtained from the clinical staff and patients, as required. The 

data were collected at each ICU patient’s bedside daily, and on ICU discharge. Other 

points of data collection were at the time of dressing adjustment or changes, at 

catheter removal, and final assessment at 48 hours post catheter removal. The reasons 

for catheter removal were documented as completed therapy (that is, not failed), 

blocked, could not aspirate, monitor failure, accidental dislodgement, signs of 

infection or “other” on the bedside data collection form. Data on AC tip colonisation, 

or bloodstream infection were collected from the hospital pathology system. 

3.16.2 Cost data. 

The direct patient costs to the hospital for the total episode of care, including 

any AC related adverse events, were obtained with detailed collection of data of 

resource use.  

3.16.3 Workload. 

Workload was recorded according to the time taken for the PI to perform four 

areas of research tasks: pre-study tasks, recruitment, data entry and all research tasks. 

The total PI time taken to perform pre-study tasks was recorded. This included the 

time taken to provide OT and ICU staff education, preparation of data collection tools 

for ICU, and meetings about the trial protocol with anaesthetic and ICU staff 

regarding logistics and documentation. PI time was also recorded for writing the 

protocol and preparing trial documents, including the consent form and the paper data 
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collection form. In addition, workload timing included meetings with the Pre-

Admission Clinic, ICU, OT, and anaesthetic staff to gain consensus regarding 

implementation of the protocol. Subsequent in-service sessions were conducted in 

each of the departments on two occasions, to target a maximum number of staff 

members. Time for recruitment was recorded. Data entry times per patient were also 

recorded for 12 patients. Additionally, the time taken to perform all research tasks 

was recorded across 12 consecutive days.  

3.16.4 Rating of ease of use and satisfaction. 

The inserter or the assistant who applied the catheter dressing/securement was 

asked to score the ease of application on an 11-point NRS of increasing 

ease/satisfaction. Later, after AC removal, the removing nurse was asked to rate the 

difficulty of product removal, and participants were asked to rate their overall and 

removal satisfaction with the products. These were all rated using 11-point NRSs of 

increasing ease/satisfaction. The rating scores were recorded by the PI on insertion 

and the ICU nurse after AC removal on the bedside paper data collection form, which 

was collected by the PI on patient discharge from ICU.  

3.16.5 Number, timing and type of staff to apply dressing/securement. 

The number and roles of anaesthetic staff who applied the 

dressing/securement were recorded at the time of AC insertion. The time taken to 

apply the dressing/securement was also recorded with a stop-watch. It was considered 

that the number and skill mix of staff may affect the time taken to perform the 

procedure, and reflect the degree of difficulty of the application.  
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3.16.6 Collection of data on potentially confounding variables. 

3.16.6.1 Immunocompromise (collected at baseline). 

This affects infection prevention in the immunocompromised host, who is 

already at high risk of infection. Immunocompromise was defined as any of the 

following (Risi, 1998): 

 known corticosteroid therapy 

 known human immunodeficiency virus infection/acquired 

immunodeficiency syndrome (HIV/AIDS) 

 granulocyte count less than 1000/mm
3 

due to causes other than sepsis, 

for example haematological malignancies or chemotherapy 

 immunosuppressant therapy as in organ or bone marrow transplant  

3.16.6.2 APACHE II score (calculated after discharge from intensive care). 

Senior ICU registrars routinely calculated APACHE II scores for the first 24 

hours from admission, and this data was accessed for the study. The APACHE II 

score is calculated from 12 physiological variables. The score predicts mortality and 

provides a measure of the severity of illness. Higher scores correspond to more severe 

disease, which have been shown to be consistent with an increased risk of infection 

and an increased risk of death (De Cassia Braga Ribeiro & Kowalski, 2003; Suka, 

Yoshida, & Takezawa, 2004). 

3.16.6.3 Smoker (collected at baseline). 

Smoking status was recorded as never having smoked, a history of past 

smoking, or a current smoker. Some constituents in cigarette smoke contribute to 

cardiovascular problems, in particular increased BP, heart rate and systemic vascular 
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resistance. Cigarette smoke also plays a role in oxygen uptake, transport and delivery 

(Rodrigo, 2000). A report of current research shows that smoking causes 

inflammation, reduces blood flow to the skin, damages blood vessels and affects the 

immune system, contributing to the development of cardiovascular disease, in 

particular peripheral arterial disease, and infection (US Department of Health and 

Human Resources, 2014). Smoking therefore potentially affects the outcome variable 

of catheter failure, with increased risks of thrombosis, difficult AC insertion and 

infection. 

3.16.6.4 Skin type (collected at baseline). 

Skin type was recorded according to colour, ranging from white, light brown, 

moderate brown, dark brown, to deeply pigmented. It was speculated that skin 

texture, and characteristics that varied with the degree of skin pigmentation, may be 

associated with catheter failure. Emerging evidence shows that different skin 

structures in various ethnic groups may affect the risk of skin injury (McNichol, 

Lund, Rosen, & Gray, 2013; G. M. Richards, Oresako, & Halder, 2003). Different 

tensile mechanical properties in the dermis have been shown in different ethnic 

groups, with evidence suggesting that African-American skin is more rigid than non-

Hispanic white skin (Evans et al., 2012). In addition, “redness” surrounding AC sites 

is commonly interpreted as either phlebitis or infection, but this may not be visible on 

darker skin shades. 

3.16.6.5 Hyperglycaemia (collected from the medical record). 

High blood sugar levels are considered to potentiate bacteraemia (O'Brien, 

Marshall, Tarrants, Stroup, & Lofland, 2010). Hyperglycaemia was defined as a 
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glucometer blood sugar level, an arterial microchemistry glucose, or a serum glucose 

of  ≥ 6.1 mmol/L (Corstjens et al., 2006). The PI recorded the highest blood sugar 

level from the ICU medical record and laboratory biochemistry reports on discharge 

from ICU. 

3.16.6.6 Arterial catheter site (collected after arterial catheter insertion). 

In adults, using radial, brachial or dorsalis pedis sites is preferred for AC 

insertion over femoral or axillary sites, to reduce the risk of infection (Lorente et al., 

2006; O'Grady et al., 2011). The medical officer inserting the AC routinely recorded 

the site of insertion in the anaesthetic record, and this was noted.  

3.16.6.7 Number of set interruptions (collected from the medical record). 

Multiple dealings with the AC monitoring set and ports increases the risk of 

contamination, with a resultant increased risk of infection (O’Grady et al., 2002). 

Each time a blood sample was taken or the flush bag was changed, the episode was 

documented by the ICU nurse in the computerised patient care record. Such data was 

then counted and added to the paper data collection tool prior to patient discharge 

from ICU.  

3.16.6.8 Existing infection (collected at baseline). 

This has been shown to be a risk factor for additional post-operative infection 

(Reichman & Greenberg, 2009). Current antibiotic therapy was also recorded. This 

data was accessed from the medical record. 

3.16.6.9 Level of consciousness/delirium status (collected from the medical record). 

Patients who are restless and disorientated have a greater risk for accidental 

dislodgement of their AC (Radtke et al., 2008). Data regarding the level of 



ARTERIAL CATHETER DRESSING AND SECUREMENT                                        

140 
 

consciousness and mental/delirium status scores were accessed from the patient care 

record at the time of catheter removal. 

3.16.6.10 Skill of inserter and number of attempts (collected at arterial catheter 

insertion). 

The skill level of the inserter may influence the number of catheter 

complications as this likely increases the number of attempts required to successfully 

insert the catheter. Multiple attempts to insert an AC have been shown to cause 

trauma to the artery and surrounding tissue (Beards et al., 2007), with potential 

phlebitis, swelling and occlusion failure. Medical staff designation (consultant, senior 

registrar, or registrar) of the inserter, and the number of attempts required for 

successful AC insertion were recorded. 

3.16.6.11 Gloves. 

Wearing of, and type of, gloves was recorded for the insertion procedure. 

CDC guidelines recommend sterile gloves to be worn for the insertion of ACs to 

minimise infection risk (O'Grady et al., 2011). 

3.16.6.12 Demographic variables (collected at baseline). 

Demographic data were collected to describe the sample for later 

generalisation of results. These included: 

3.16.6.12.1 Age. 

Age was collected as the patient’s age in whole years at their last birthday 

prior to admission to the OT, or on the day of OT admission if their birthday was on 

that day. Being younger has been shown to predict phlebitis in peripheral IV catheters 
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(Wallis et al., 2014). Thus, age is a possible confounding variable for AC failure, 

since phlebitis causes catheter failure in both peripheral IV and ACs.  

3.16.6.12.2 Gender. 

This was recorded as male or female, obtained from the medical record. Being 

female has been shown to be a strong predictor of phlebitis and occlusion in IV 

catheters (Wallis et al., 2014), and these are both causes of IV and AC failure. Thus, 

gender may be a confounding factor for AC catheter failure. 

3.16.6.13 Other variables (collected at baseline). 

3.16.6.13.1 Diagnostic category. 

This was recorded as type of surgery, as obtained from the medical record. 

3.16.6.13.2 Co-morbidities. 

These were recorded as obtained from the medical record, in accordance with 

Charlson and Elixhauser co-morbidity measures  (Li, Evans, Faris, Dean, & Quan, 

2008; Quan et al., 2005). Variables included: myocardial infarction, congestive heart 

failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic 

pulmonary disease, rheumatologic disease, peptic ulcer disease, mild and moderate or 

severe liver disease, diabetes with and without chronic complications, hemiplegia or 

paraplegia, renal disease, any malignancy, metastatic solid tumour, and HIV/AIDS. 

3.16.6.13.3 Dominant side. 

This was recorded during the recruitment interview. It was considered that 

there may be a higher failure rate for ACs inserted on the dominant radial artery side, 

related to greater use by the patient of the dominant hand and arm, post-operatively. 

This could be associated with increased risk of accidental dislodgement and removal. 
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The literature has not studied this variable, but concentrates on the importance of 

assessing blood flow in the peripheral artery, demonstrated by an easily palpable 

pulse as the most important factor to determine side of insertion for ACs (Tiru, 

Bloomstone, & McGee, 2012). In clinical practice, the side of insertion is chosen on 

balance, considering the quality of arterial blood flow against surgical needs related 

to the patient’s geographical orientation in the OT, staff positioning, and equipment 

requirements. Dominant side is considered by individual anaesthetists, but is not the 

primary concern. 

3.17 Validity 

External validity for this RCT was promoted in the following ways. Inclusion 

and exclusion criteria were not overly strict, so that generalisability of results to a 

wide range of patients with ACs would be possible. Patient demographic and clinical 

characteristics were included in the data collection, also contributing to 

generalisability. The trial aimed to be clinically relevant by testing currently available 

securement options for ACs (Rothwell, 2006). 

Internal validity was maintained by following the trial protocol with 

consistent outcome reporting methods and documentation, to minimise the risk of 

performance bias. The trial was under the guidance of an experienced PI and 

academic supervisors with expert judgement and subject-specific knowledge. 

Computer generated allocation by an independent party also minimised bias. 

Randomisation services from the Griffith University Randomisation Service ensured 

compliance with best practice standards for randomisation generation and 
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concealment of allocation until study entry (Viera & Bangdiwala, 2007). However, 

the study interventions were not amenable to blinding of patients and clinical staff. 

Considering this, there was no conflict of interest with any product manufacturers, 

and no evidence suggested that staff or patients would sabotage medical products to 

favour a group.  

All participants were accounted for following randomisation, using the 

intention to treat (ITT) principle. A true or classic ITT approach to the statistical 

analyses was adopted, where no participants were removed from the final analysis 

(Polit & Gillespie, 2010). This strengthened the trial’s internal validity, by preserving 

the integrity of randomisation. The patients were recruited and enrolled in the study 

according to the Consolidated Standards of Reporting Trials (CONSORT) Flow 

Diagram for RCTs as per Chapter 4, Results (Altman et al, 2001) (see Figure 4.1 and 

Figure 4.2). Using the CONSORT statement facilitated preparation of complete and 

transparent reports of trial findings, and aided critical appraisal and interpretations. 

Obtaining follow-up outcome data from all participants who were randomised was 

planned. The participants were retained in their original assigned groups in 

accordance with updated CONSORT guidelines and corresponding terminology 

(Schultz, Altman, & Moher, 2010). The ITT approach, a high level of retention, 

systematic adherence to the trial protocol, and measurement of objective endpoints 

facilitated reliable interpretation of results (Nissen, 2013).  

Subjective scales and measures were used including NRS scores for ease of 

application and removal/satisfaction, assessment of skin type, and diaphoresis status 

on recruitment, and are identified as potential threats to validity. Subjective ratings 
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challenge construct validity, with ratings scores being open to measuring something 

other than what is intended. 

Validity of data was ensured by using accepted definitions wherever possible, 

and by cross-checking data with medical records and clinical staff. Following 

completion of data collection, the process of detecting and correcting inaccurate, 

incorrect, unreasonable and incomplete records was undertaken. Initial data cleaning 

of missing, outlying and implausible data was performed. The data were validated 

following elimination of data entry errors and consultation with a statistician, to 

ensure agreement on data dictionary definitions. By placing such importance on data 

cleaning, the important principles of high quality data entry were followed, and data 

validity was ensured.  

3.18 Reliability 

The study was designed to produce consistent, stable and dependable 

measurements that would produce reliable results over time and in parallel 

circumstances (Fisher & Foreit, 2002). The primary and secondary outcome measures 

were relevant to clinical practice and were defined specifically in the protocol. The 

primary outcome measure and dichotomous variable of AC failure was an objective 

trial outcome, and was reported consistently by clinicians at the bedside. The 

secondary outcome measure of reasons for AC failure had the components of 

dislodgement, occlusion, phlebitis, infection or completed treatment, which were all 

clearly defined and easy to detect. The measurement scale for assessment of phlebitis 

was a known tool (Infusion Nursing Standards of Practice, 2006). However, no 
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phlebitis tool has been shown as reliable (Ray-Barruel, Polit, Murfield, & Rickard, 

2014). Device outcomes and patient outcomes were entered in the trial database by 

the PI, with database guidelines providing systematic and consistent instructions to 

facilitate reliable reporting. The database was checked for missing data, with no 

missing data at the trial’s conclusion. This enhanced reliability. Strict, validated 

protocols ensured reliable results for laboratory testing of ACs and blood for 

diagnosis of infection, which is a cause of AC failure. These protocols were as 

follows: 

3.18.1 Arterial catheter tip culture. 

The semi-quantitative roll-plate technique has been described by Maki and 

colleagues (Maki et al, 1977) and is widely used for diagnosis, as recommended by 

the CDC (O'Grady et al., 2011). It is a reliable, straightforward technique (Raad, 

Sabbagh, Rand, & Sherertz, 1992; Sherertz, Heard, & Raad, 1997), and results are 

often available within 12 hours (Maki et al, 1977). It provides less sensitivity but 

better specificity than broth culture, and allows for identification of non-meaningful 

positive results, which are generally considered contamination (Norwood, Ruby, 

Civetta, & Cortes, 1991). 

ACs, such as in the study population that are in situ for less than one week, 

are commonly colonised by skin pathogens on the external catheter surface, rather 

than internal surface colonisation. The roll-plate method is sensitive to detect this 

growth (Mermel et al., 2001). Contamination may occur on catheter removal but this 

can be identified by low growth (< 15 cfu) in the number of organisms. The 

laboratory staff members at the RBWH regularly use the roll-plate method. 
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Therefore, the results can be assumed as reasonably reliable, since the microbiology 

staff members were highly skilled in the technique.  

3.18.2 Diagnosis of catheter-related blood stream infection. 

This variable’s reliability was maximised by strict adherence to definitions 

according to the literature, which were easily applied (Mermel et al., 2009). 

Experienced intensive care consultants performed and conferred on all assessments 

with infectious disease physicians who consult to the ICU, to ensure reliable 

categorisation. Tip and blood cultures were done in the laboratory by blinded 

scientists using the standard hospital culture techniques, which enhanced reliability. 

3.19 Data Cleaning and Statistical Analyses 

Data were exported from the Microsoft Access 2010 database into Stata 12.1 

(StataCorp LP, College Station, Texas, USA, 2014) for cleaning and analysis. 

Principles ensuring data quality were followed to facilitate accuracy of data entry 

(Chapman, 2005). Cross-checking was performed to detect inconsistencies and then 

amend incorrect, unreasonable and inaccurate records. A random 5% sample of 

source data was also rechecked.  

The unit of measurement for analyses was the patient, with only one AC per 

patient studied. For some analyses relevant to the dressing/securement regime 

themselves (such as dressing life), only the first dressing per patient was used for the 

calculations. 
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3.19.1 Feasibility analysis. 

The statistical analyses of pilot work should be mainly descriptive, with pilot 

reporting strategies using CIs around the estimate of effect of the treatments. With the 

size of limitations of this pilot trial, conventional 95% CIs were sometimes unrealistic 

to achieve, with 90% and even 68% providing adequately realistic and valuable data 

to inform feasibility (Hertzog, 2008). This pilot study of 120 patients (30 patients per 

group) was designed to estimate the proportion of patients who would meet specified 

feasibility criteria, using the CI approach as adapted from previous successful pilot 

trial research (Cook, 2005; Hertzog, 2008). By using the CI approach, selected 

feasibility aspects could predict the success of future research within a given CI. It 

was determined that 120 patients (approximately 18 recruited per month for seven 

months) would be sufficient to assess the screening, consent and attrition processes, 

to refine methods of data collection and protocol adherence, and to identify barriers to 

the conduct of a larger trial. The feasibility guiding questions for the study were 

defined a priori to be answered in a positive manner if 90 out of the 120 participants 

(75%), 90 % CI [67.5%, 81.1%] met each of the following criteria: 

 Recruitment feasibility: at least 75%, 90% CI [67.5%, 81.1%] of eligible 

patients agreed to participate. 

 Delivery and adherence feasibility: at least 75%, 90% CI [67.5%, 81.1%] of 

participants received the correct protocol for their randomised intervention. 

 Retention feasibility: at least 75%, 90% CI [67.5%, 81.1%] of randomised 

participants completed the trial. 



ARTERIAL CATHETER DRESSING AND SECUREMENT                                        

148 
 

 Ease of application: at least 75%, 90% CI [67.5%, 81.1%] of staff expressed a 

NRS of ≥ 7 on an 11-point scale of increasing ease.  

 Ease of removal: at least 75%, 90% CI [67.5%, 81.1%] of patients and staff 

expressed a NRS of ≥7, on an 11-point scale of increasing satisfaction. 

 Patient overall satisfaction: at least 75%, 90% CI [67.5%, 81.1%] of patients 

expressed a NRS of ≥7, on an 11-point scale of increasing satisfaction. 

Data analysis using Stata 12.1 (Statacorp, Texas) was also piloted, as it would 

be performed for a larger trial. Analyses were as follows. 

3.19.2 Descriptive statistics. 

The distribution of the data was assessed by consideration of data patterns. 

Medians which were the centre of distribution were calculated. The spread of data 

was considered with calculation of ranges, and standard deviations were used to 

measure spread in relation to mean values. Data was also cut into four quarters for 

25th and 75th percentile scores. The shape of the data was assessed according to 

symmetry, whether parametric or non-parametric, and skewness. Unusual features of 

gaps in the data and outliers were noted.  

Descriptive statistics were used to describe the sample. Clinical comparability 

of groups at baseline for risk of device failure was assessed. Since baseline 

characteristics are unlikely to be identical with respect to age, type of disease, and 

disease severity, these differences would only be of concern if the variable related to 

the outcome variable; that is, CRBSI or other failure (Altman, 1985). The 

characteristics considered included the continuous variable of age, and the categorical 
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variables of gender, smoking and co-morbidities. Potentially confounding variables 

included: inserter, insertion site, catheter dwell time, diagnostic group/severity of 

illness, consciousness/delirium status, number of set interruptions, co-existing 

infection, hypoglycaemia, skin type and immunosuppression. Mean values and 

standard deviations (SDs) were reported for normally distributed data, while median 

values and values at the 25 and 75 percentiles were reported for non-parametric data.  

The “life” (time in use) of each dressing or securing device in any group was the time 

in hours from application to removal, and the “life” (dwell time) of the catheter was 

the number of hours from insertion to removal.  

3.19.3 Inferential statistics. 

Catheters were categorised as not failed if routine AC replacement or 

completed AC therapy was the reason for AC removal. All randomised patients were 

analysed in their original assigned groups as per the principles of ITT analysis. 

Incident rates, AC hours and rate ratios of device failure per 1,000 device hours with 

95% CI were calculated to summarise the effect of each dressing/securement on the 

incidence of AC failure, and to assess for difference between the various intervention 

arms and the control group. The secondary endpoint of AC dwell time was skewed, 

so therefore, median hours were compared between each treatment group and the 

control group using Fisher’s exact 2-sided test. Medians are an appropriate measure 

of central tendency with skewed data. Fisher’s exact test has a particular application 

for testing the difference in location of two medians, and is most suitable for use with 

small sample sizes. Dislodgement, occlusion, phlebitis, thrombosis, colonisation and 

infection were compared individually as secondary outcomes between each treatment 
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group and controls using descriptive statistics only, due to the small number of 

outcomes observed when broken down into these categories.  

Patient/staff satisfaction scores were compared between groups using 

parametric and non-parametric techniques, as appropriate. The secondary outcome of 

costs was analysed using techniques to be presented later in this chapter, in Section 

3.20.  

3.19.4 Survival analysis. 

Because ACs were in place for different lengths of time, and also because 

some were removed before failure may have occurred, survival analyses were 

performed (Bewick, Cheek, & Ball, 2004). The censored data (where participants 

completed the intervention without complication) of dressing/securement life and AC 

life were analysed as single-record survival data. The Kaplan-Meier curve was used 

to show the cumulative survival probability over time. The null hypothesis was that 

there was no overall difference between survival curves.  

AC failure over time was tested with the log-rank test for equality of survivor 

functions, comparing the three alternative interventions with the control group. 

Univariable and multivariable Cox proportional hazards regression models were used 

to assess independent relationships between potential explanatory variables and the 

dichotomous outcome of device failure. The multivariable model was able to adjust 

for potential confounders. The Cox regression was used to calculate the hazard ratio 

(HR), and to test the risk of the dependent variable AC failure occurring in the control 

group, compared with each of the three treatment groups. The Cox proportional 

hazards model allowed the independent variables (covariates) in the regression 
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equation to vary with time. The HR measured the relative risk (RR) of the endpoint 

occurring at any given time, and the 95% CI was calculated (Bewick et al., 2004; 

Bland, 1995; Dawson & Trapp, 2004; Peacock & Kerry, 2007). P values < .05 were 

considered significant for all analyses. In the regression model, significance levels of 

p < .1 were interpreted as weak evidence of significance. With alpha (𝛼) (the 

significance level) representing an acceptable probability of a Type 1 error (level of 

risk for rejecting a true null hypothesis when it is correct), alpha can range from 0 to 

1. In conventional practice, .01, .05, and .1 are the most commonly used values for 

alpha, representing a 1%, 5%, or 10% chance of a Type 1 error occurring. A larger 

alpha, such as .1, ensures more certainty of not missing detection of a difference that 

might exist, but with the increased chance of a Type 1 error. The level of significance 

of .1 was used in the univariable testing. The increased risk of a Type 1 error was 

balanced against the importance of finding a possible difference. Differences which 

were found were further tested in the multivariable model at the usual level of 

significance of .05.  

3.19.5 Missing data. 

Missing data were to be modelled for the best and worst case outcomes, to 

assess for the potential effect on overall result; however, there were no missing data. 

A per protocol analysis was planned to assess the effect of protocol violations if 

patients were not treated with the allocated dressings/securement, however, there 

were no such violations.  
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3.19.6 Minimal important difference. 

The detection of small but clinically significant treatment effects has a 

generally agreed upon importance in RCTs. The minimal clinically important 

difference has been defined as the smallest difference considered beneficial by 

patients, which would mandate a change in management without side effects and 

excessive cost (Jaeschke, Singer, & Guyatt, 1989). Similarly, a SID has been 

described as the smallest patient-valued benefit required for an intervention to justify 

costs, risks and other harms (Barrett et al., 2005; King, 2011). An RCT should be 

powered to detect these small differences. As this was a pilot trial to establish 

feasibility, it was not powered for statistical significance, but the minimal important 

difference was defined a priori. However, even a small percentage difference in 

failure would be desirable given the serious consequences, but such a difference 

would require an extremely large sample. The proposed larger trial may be powered 

to detect these differences. In this pilot trial, the clinical significance of the observed 

outcomes was considered, and this provided a useful viewpoint for interpretation of 

results. 

3.20 Cost Analysis  

The cost analysis measured the effect outcome of the AC success rate (1-

failure rate), as the trial’s primary outcome was AC failure. It was hypothesised that 

there would be significantly reduced costs in each of the treatment arms compared 

with the control group. Direct costs to the hospital for the total episode of care 

including adverse events, were obtained using a micro-costing approach from the 
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hospital cost centre for precise estimates. Resources used in the pilot trial were valued 

from the perspective of Queensland Health, Australia at 2012 prices and wages, and 

data of costs of products and wages were collected from Queensland Health. 

The net monetary benefit (NB) approach was used, which is the difference 

between the clinical effect valued at a given willingness-to-pay (WTP) threshold to 

avoid one AC failure, and the cost of doing so (Stinnett & Mullahy, 1998). The WTP 

threshold was set at AU$ 65.00 per catheter saved, as the minimum estimated cost of 

equipment and staff required to replace a failed catheter. The NB was estimated for 

the trial interventions and the control, and the preferred choice was proposed as the 

one with maximum average NB (Stinnett & Mullahy, 1998). Cost and effect 

parameter uncertainties were characterised by probability distributions. The binary 

outcome of catheter success or failure was assigned a beta distribution, whereas the 

cost data were assigned a gamma distribution. A sensitivity analysis was also 

performed, and the probability that one of the intervention securements or the control 

was cost effective across a range of WTP thresholds was presented in a cost 

effectiveness acceptability curve (CEAC), generated from 10,000 Monte Carlo 

simulations (Brennan, Kharroubi, O'Hagan, & Chilcott, 2007).  

The cost effectiveness analysis also included value of information (VOI) 

analysis for research, to avoid AC failure, in consultation with a health economist. 

Probabilistic Monte Carlo simulation was used to characterise uncertainty 

surrounding the results and to calculate VOI measures (Kroese, Taimre, & Botev, 

2011). VOI quantifies the uncertainty of trial results, estimates the expected benefits 

or value of reducing uncertainty with additional research, and thus informs optimal 
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future trial design (Claxton & Posnett, 1996; Eckermann, Karnon, & Willan, 2010; 

Tuffaha, Gordon, & Scuffham, 2014; Willan & Pinto, 2005).  

The analysis was performed by calculating three measures of VOI: the 

expected value of perfect information (EVPI), the expected value of sample 

information (EVSI), and the expected net benefit of sampling (ENBS). The 

calculation of the EVPI represented the value of total uncertainty, and provided the 

maximum value of expected gain from resolving uncertainty by conducting additional 

research hypothetically, with an infinity sample size. With a high EVPI, EVSI was 

calculated to determine the VOI from an additional trial with a specific sample size 

(Claxton & Posnett, 1996). The ENBS was the difference between the EVSI and the 

total cost of the intended trial for that sample size. Estimated total cost of the future 

trial included: fixed costs (salaries), variable costs (per recruited patient), and 

opportunity costs (benefits foregone) incurred by patients who received the inferior 

intervention during the pilot trial (Ades, Lu, & Claxton, 2004; Eckermann et al., 

2010).  

The overall average NB for each dressing was calculated to determine which 

dressing had the highest NB. The NB for each dressing was calculated at each 

simulation (iteration) using the Monte Carlo method. By averaging the maximum 

NBs from all iterations and subtracting from this, the NB of the preferred intervention 

gave the EVPI. The EVSI for a future trial of a given sample size could therefore be 

calculated by sampling from the updated parameter distributions. The VOI measured 

was from estimates of simulations for individual patients. The estimated population to 

benefit from AC dressings and securements in Queensland over the next five years 
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was estimated to be 125,000 patients, based on the known number of ICU admissions 

each year. (Australian and New Zealand Intensive Care Society (ANZICS), 2013) 

In summary, cost analysis was performed using the data from this pilot trial. 

The cost effectiveness of each of the interventions was considered, with a focus on 

the difference in the effect and cost. Cost effectiveness was determined by setting a 

threshold amount that society would be willing to pay for an incremental health gain. 

In this pilot study, the threshold was set at $AUD 65.00, which was the cost to 

replace an arterial catheter. The effect outcome was the probability of catheter 

success. The economic concept of the net monetary benefit approach was used to 

perform the analysis. The net benefit which was calculated in terms of money with a 

ceiling ratio that was considered acceptable to pay, was estimated for the four 

catheter dressings/securements 

3.21 Ethical Considerations 

3.21.1 Codes of conduct. 

The research study followed Griffith University’s Code for the Responsible 

Conduct of Research in its design, conduct and reporting methods (Griffith 

University, 2012). This was achieved by valuing the truth, respecting participants, 

being aware of conflicts of interest, carrying out appropriate and safe practices and 

conforming to policies. Griffith University’s Code follows the Australian Code for 

Responsible Conduct of Research (Australian Government National Health and 

Medical Research Council (NHMRC), 2007a). In accordance with these codes, the 

research study adhered to the core principles of research integrity by embracing the 
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concepts of a genuine search for knowledge, good training, good record-keeping, 

honesty, accountability, professional courtesy and good stewardship. Appropriate 

management of research data and materials was ensured, and a plan was in place for 

publication and dissemination of research findings. These principles are described in 

the National Statement on Ethical Conduct in Human Research developed jointly by 

the National Health and Medical Research Council, the Australian Research Council, 

and the Australian Vice-Chancellors’ Committee (Australian Government National 

Health and Medical Research Council (NHMRC), 2007b) . 

The study was also conducted in accordance with the International 

Conference on Harmonisation (ICH) Good Clinical Practice (GCP) Guideline to 

protect the rights of human participants in clinical trials, and to ensure validity and 

credibility of data (Kaur & Choy, 2012). The rights, safety and wellbeing of the trial 

participants was the most important consideration. 

3.21.2 Approval. 

Ethics approval for this study was gained from the Human Research Ethics 

Committee at Griffith University. In addition, a National Ethics Application Form 

(NEAF) was completed for the proposed multi-centre trial, which included this pilot 

study at RBWH. Approval was granted by Griffith University (see Appendix D). Site 

specific approval (SSA) was subsequently gained from RBWH, following the 

establishment of a collaborative agreement between the hospital and Griffith 

University which noted the role of the PhD student (see Appendix E). The QCAT 

waived consideration of this trial, a legal necessity to allow substitute decision 

makers (for example, relatives) to provide informed consent for prospective 
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participants who were not competent to consider their own consent (see Appendix F). 

Documentation for participant information, informed consent and withdrawal of 

consent were prepared for recruitment in accordance with NEAF and SSA 

requirements (see Appendix G). 

3.21.3 Conflict of interest. 

There were no conflicts of interest with the product manufacturers. Funding 

was provided for products by the Alliance for Vascular Access Teaching and 

Research (AVATAR) Group at Griffith University.  

3.21.4 Anonymity. 

The anonymous nature of publishing information was explained to the 

participants. Identifying features were partially removed from data, with patients 

were assigned a unique study code. The data then became potentially re-identifiable, 

as it remained possible to re-identify a specific individual by linking different data 

sets. Identifiers were replaced with the code on electronic entry of the data. The term 

“de-identified” data has been avoided, according to the unclear nature of its use, as 

advised by the National Statement on Ethical Conduct in Human Research 

(Australian Government National Health and Medical Research Council (NHMRC), 

2007b). Participants also consented to the study information being kept for other 

research into infection prevention and intravascular device care in the future. It was 

explained that data would be treated confidentially, and that data would be stored 

safely, using a unique research number at the hospital and Griffith University, with 

the data destroyed 15 years after the study’s conclusion. 
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3.21.5 Risks and benefits. 

It was explained to potential participants there was currently no evidence that 

any of the study dressings had a higher risk of complications than those currently in 

use. It was stated that it was not expected patients would get any direct benefit from 

participating in the study, but it was expected that participation would benefit future 

patients, as well as nurses, doctors and hospitals. The trial was designed to minimise 

the risks of harm or discomfort for participants, with an explanation provided 

regarding the potential benefits and risks of the research. The welfare of participants 

was paramount. The likely benefit of the research was considered to justify the risks 

of harm or discomfort to participants, considered as negligible. Through the process 

of informed consent, patients were provided with information regarding the scope and 

nature of potential risks and benefits, to make a decision (Australian Government 

National Health and Medical Research Council (NHMRC), 2007b). 

3.21.6 Beneficence and non-maleficence. 

The trial was grounded in the concept of beneficence, with the welfare of the 

research participant as the primary goal in a clinical trial, involving actions for the 

benefit of others, and protecting and defending the rights of others. Such actions help 

prevent or remove harm, and improve the situation of others. The related concept 

non-maleficence means to do no harm, and this was also paramount in the study. 

When considering both the concepts beneficence and non-maleficence, it is necessary 

to weigh and balance the possible benefits against the anticipated risks, and assess 

whether the benefits outweigh the burdens. Participants continued to have constant 

care available in the ICU, and ICU staff were aware they could over-ride the study 
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protocol, or withdraw the patient from the study if they felt the randomised 

dressing/securement was a risk to patient safety. 

3.21.7 Respect. 

The research followed a view of respect for human beings, with the 

requirement that the values of research merit, integrity, justice and beneficence were 

recognised. Due consideration was taken for the participants’ welfare, beliefs, 

perceptions, customs and cultural heritage. Privacy, confidentiality and cultural 

sensitivities of the participants were respected, according to the National Statement 

on Ethical Conduct in Human Research (Australian Government National Health and 

Medical Research Council (NHMRC), 2007b).  

3.21.8 Dissemination of results. 

A report containing a summary of the research results was offered to be 

forwarded to participants, with their email address collected for this purpose. It was 

noted that the study results would be published in an appropriate scientific journal, 

and presented at conferences, with no reference to name or personal identity.  

3.21.9 Voluntary participation. 

The voluntary nature of participation was emphasised, and it was made clear 

that withdrawal of consent could be made at any time by contacting the research 

personnel, and completing the provided form. It was explained that withdrawal of 

consent would not affect medical care or treatment in any way.  

3.21.10 Contact details and information. 

The contact details of the PI were provided as a contact for participants, if any 

questions arose at a later time. Contact information was also provided for the 
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Secretary of the Human Research Ethics Committee regarding complaints about the 

ethical conduct of the study. In view of this, instructions were given to keep a copy of 

the form. It was also stated that the document did not limit rights at law from any 

damage that might arise from negligence on the part of the investigators.  

3.21.11 Retention of research data. 

The research data will be retained in secure and safe storage for 15 years at 

Griffith University, in accordance with the relevant codes and guidelines (Australian 

Government National Health and Medical Research Council (NHMRC), 2007a). 

3.21.12 Adverse events. 

Serious adverse events, such as death, were to be reported to the Human 

Research Ethics Committees. Less serious events were monitored and reported in 

relation to safety of products, such as rash and skin tears. 

3.22 Timeline 

The following timeline was adhered to: 

 

Chapter One: Introduction 

 

January 2011 

Chapters Two and Three: 

Literature Review 

February 2011 to June 2011 

Chapter Four: Methodology July 2011 to August 2011 

Preparation and submission of 

ethics application 

September 2011 

Ethical approval May 2012 

Preparation for RCT October 2011 to August 2012 

Recruitment September 2012 to March 2013 

Data analysis April 2013 to May 2013 
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Chapters Five, Six and Seven: 

Results, Discussion 

June 2013 to October 2013 

Conclusion  

First full draft of thesis November 2013 to January 2014 

Final full draft of thesis February 2014 to May 2014 

Submit thesis June 2014 

 

3.23 Summary 

This chapter has discussed the methods used to conduct the research study. 

The chapter commenced with a detailed discussion of the design and conceptual 

frameworks for the research program. This was followed by presentation of the study 

endpoints, data collection processes, approaches to data analyses and ethical 

considerations, as well as strategies to ensure validity and reliability of results. The 

study setting, the nature and size of the sample, and the variables collected were then 

described and explained. The study was performed according to the timeline. Chapter 

Five will now present the results obtained.  
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Chapter 4: Results 

4.1 Introduction 

This chapter presents the results of the data analyses performed in relation to 

the sample recruited, to answer the research questions and to fulfil the aims of this 

doctoral study. Quantitative results are presented in the form of descriptive analyses 

of key study variables, followed by analysis of comparability between groups. A 

clinical comparison was undertaken to consider baseline similarity of groups for risk 

of device failure. Following this, the intervention effect was considered for both 

primary and secondary outcomes by comparing groups for these measures. Potential 

confounder variables were also analysed, using a Cox regression model to establish 

significant predictors of catheter failure over time. Additionally, data from NRSs of 

patient and staff satisfaction regarding the interventions were included in the 

descriptive analysis, and cost analysis was performed to predict economic 

considerations for a larger trial. 

4.2 Sample Flow Throughout Study 

Over an eight month period, 150 patients were screened for eligibility. Of 

these, 18 patients were ineligible and 132 were randomised. Patients were ineligible 

for the study (n = 18) for the following reasons. There were four patients who met the 

exclusion criteria because of an allergy to a study product (n = 1), and unavailability 

of an interpreter (n = 3). Other reasons for exclusion (n = 14) were that the surgery 

time was after hours and unsuitable for data collection (n = 12), and patients were 

removed from the OT list by their surgeons (n = 2) (see Figures 5.1 and 5.2). No 
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patients declined to participate. Overall, 132 patients were randomised to one of the 

treatment groups: BPU, SSD or TA, or the control group, SPU. Nine of these were 

excluded post-randomisation for reasons that were unlikely to be due to group 

allocation. Reasons for exclusion were five-fold, including: alteration of surgery time 

to a new time outside data collection hours (n = 3); patient withdrew surgical (not 

research) consent (n = 1); unavailability of an ICU bed (n = 1); the procedure was 

changed at the time of surgery with the patient no longer requiring ICU care (n = 1); 

and ICU care was deemed unnecessary after reassessment of patients during surgery 

(n = 3). The exclusions were spread across all four study groups (n = 1 to 4 excluded 

per group, see Figure 4.1). These patients are not presented further since they 

received no treatment. All other randomised patients (n = 123) were treated as per 

their randomised dressing and securement with no protocol violations, or losses to 

follow-up occurring in the study. The longest AC dwell time in each group was BPU 

62.8 hours, SSD 93.5 hours, TA 101.0 hours, and SPU 108.5 hours. In total, 123 AC 

days were studied. Patient progression through the trial is outlined by group in the 

CONSORT Flow Diagram (see Figures 4.1 and 4.2). 
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Figure 4.1. Participant flow chart for control and combined experimental groups following Consolidated Standards of Reporting 

Trials (CONSORT) guidelines (Altman et al., 2001). 

Follow-Up 

Analysed n = 30 

 Excluded from analysis n = 1 

 (n = 0) 

Analysis 

Analysed n = 93 

 Excluded from analysis n = 8 

 

Lost to follow-up n = 0 

Discontinued intervention n = 0 
Lost to follow-up n = 0 

Discontinued intervention n = 0  

 

Allocated to control n = 31 

 Received allocated intervention n = 30 

 Did not receive allocated intervention  

    n = 1 (see Figure 4.2) 

 

Allocation Allocated to interventions n = 101 

 Received allocated intervention n = 93 

 Did not receive allocated intervention 

     n = 8 (see Figure 4.2) 

 

Randomised n = 132 

Ineligible n = 18 (see Figure 4.2) 

   Met exclusion criteria n = 4 

   Declined to participate n = 0 

   Other reasons n = 14 

      

 

 

 

 

 

Assessed for eligibility  

n = 150  

Enrolment 
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Figure 4.2 Participant flow of group allocation and exclusion for control and three treatment groups following CONSORT 

guidelines (Altman et al., 2001).

Allocated to control n = 31 

Received allocated intervention n = 30 

 Did not receive control SPU n = 1 

 Surgery time unsuitable for 

data collection 

  

 

 

 

 

Allocation Allocated to interventions n = 101 

 Received allocated intervention n = 93 

 Did not receive allocated intervention n = 8 

Randomised (n = 132) 

Excluded (n = 18)  

 Met exclusion criteria n = 4 

 Non-English speaking and interpreter 

unavailable n = 3 

 Allergy to study product n = 1 

 Other reasons (n = 14) 

 Surgery time unsuitable for data 

collection (n =12)  

 Patients removed from operating list 

(n = 2) 

 Patients remained on surgical 

waiting list (n = 2) 

 

 

Assessed for eligibility  

(n = 150)  

Enrolment 

Received allocated intervention  

   BPU n = 34 

 Did not receive BPU n = 4 

 Surgery time unsuitable for 

data collection n = 2 

 No ICU bed available n = 1 

 Patient withdrew surgical 

consent n = 1 

Received allocated 

intervention SSD n = 32 

 Did not receive SSD 

 n = 1 

 Procedure changed at 

time of surgery and 

ICU no longer 

required n = 1 

 

  

 

Received allocated 

intervention TA n = 35 

 Did not receive TA  

n = 3 

 Patients reassessed 

during surgery and 

ICU not required  

n = 3 
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4.2.1 Baseline demographics and characteristics of study participants. 

Demographic characteristics at baseline are presented in Table 4.1.  

 

          Table 4.1 

Baseline Demographics of Study Participants by Group 

 
 
 

Variable Control SPU 

n = 30 

BPU 

n = 30 

SSD 

n = 31 

TA 

n = 32 

Total 

n = 123 

 

Gender – Male n (%) 

           

Gender – Female n (%)           

 

18 (60.0%) 

 

12 (40.0%) 

 

12 (40.0%) 

 

18 (60.0%) 

 

20 (64.5%) 

 

11 (35.5%) 

 

22 (68.0%) 

 

10 (31.3%) 

 

72 (58.5%)  

 

51 (41.5%)   

 

Age:  Median  

(25
th

 to 75
th

 percentile)  

 

Current Smoker: 

Yes                                                                                                       

 No                                               

62 

(49, 72) 

 

 

9 (30.0%) 

21 (70.0%) 

 

63 

(50, 73) 

 

 

8 (26.7%) 

22 (73.3%) 

56 

(42, 70) 

 

 

5 (16.1%) 

26 (83.9%) 

63 

(56, 74) 

 

 

8 (25.0%) 

24 (75.0%) 

62 

(50, 72) 

 

 

30 (24.4%) 

93 (75.1%) 

Type of Surgery n (%)      

Neurological (Brain) 

Gastrointestinal  

Vascular 

Urological/Renal  

Neurological (Spine) 

Other General  

Orthopaedic   

Otolaryngological                                                                  

16 (53.3%) 

  6 (20.0%) 

  4 (13.3%) 

  2 (6.7%) 

  1 (3.3%) 

  0 (0.0%) 

  1 (3.3%) 

  0 (0.0%) 

15 (50.0%) 

  7 (23.3%) 

  2 (6.7%) 

  3 (10.0%)  

  3 (10.0%) 

 0 (0.0%) 

  0 (0.0%) 

  0 (0.0%)                 

17 (54.8%) 

  7 (22.6%) 

  5 (16.1%)  

  0 (0.0%)   

  0 (0.0%) 

  1 (3.2%) 

  1 (3.2%)  

  0 (0.0%)                  

16 (50.0%) 

  9 (28.1%) 

  4 (12.5%) 

  0 (0.0%) 

  0 (0.0%) 

  2 (6.3%) 

  0 (0.0%) 

  1 (3.1%)             

64 (50.0%) 

29 (23.6%) 

15 (12.2%) 

  5 (4.1%) 

  4 (3.3%) 

  3 (2.4%) 

  2 (1.6%) 

  1 (0.8%) 

 

Co-morbidities n (%) 

     

 None 

 1 

 2 

 > 3 

11 (36.7%) 

  8 (26.7%) 

  7 (23.3%) 

  4 (13.3%) 

 

 

 

  5 (16.7%) 

13 (43.3%) 

  6 (20.0%) 

  6 (20.0%) 

 

 

 

  7 (22.6%) 

14 (45.2%) 

  9 (29.0%) 

  1 (3.2%) 

 

 

 

  6 (18.8%) 

16 (50%) 

  6 (18.8%) 

  4 (12.5%) 

 

29 (23.6%) 

51 (41.5%) 

28 (22.8%) 

15 (12.2%) 
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The median age of all randomised patients who progressed to trial was 62 years, 25th 

to 75th percentiles (50, 72). There were 72 males (58.5%) and 51.0 (41.5%) females. 

All patients were scheduled for elective surgery, as this was one of the inclusion 

criteria. The most frequent type of surgery was craniotomy, performed on 64 (52.0%) 

neurological patients. The most frequently reported co-morbidity was malignancy. Of 

the cohort, 51 (41.5%) had a history of any malignancy, and 16 (13.0%) had current 

metastatic disease. Two or more co-morbidities were reported for 43 (35.0%) 

patients. In addition, 30 (24.4%) were current smokers. 

The study participants’ demographical and clinical characteristics were compared by 

group to consider whether there was equivalent baseline risk of AC failure in each 

group. The median age of trial participants was similar in all groups to control, with 

the exception of the SSD group, who were six years younger on average to the 

control group. With regards to gender, the BPU group, with 40% females, was the 

only group somewhat different from the controls, with 60% of controls being female. 

The types of elective surgery were generally comparable by group with no 

differences greater than 10%. The number of co-morbidities varied somewhat 

between treatment and control groups. In the SPU group, 36.7% of patients had no 

co-morbidities, compared with 16.7% in the BPU group, 18.8% in the TA group, and 

22.6% in the SSD group. However, if these were considered as patients with zero-to-

one co-morbidities the contrasts were less obvious, with 63% of SPU patients in this 

category, and 60% BPU, 68% SSD, and 68.8% of TA patients. If co-morbidities were 

considered with ≥ 2 and 3 co-morbidities, then differences were again less obvious, 

with 36.6% controls and 40, 32.2 and 31.3% co-morbidities in the three treatment 
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groups. There were 12.2% patients with > 3 co-morbidities in the TA group, and only 

3.2% in the SSD group. 

4.2.2 Clinical characteristics of study participants. 

Clinical characteristics are tabulated by group for all study participants in 

Table 4.2.  
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     Table 4.2 

     Clinical Characteristics of Study Participants by Group 

 
 

Variable SPU control 

n = 30 

BPU control 

n = 30 

SSD 

n = 31 

TA 

n = 32 

Total 

n = 123 

Corticosteroids n (%) 18 (60%) 20 (66.7%) 18 (58.1%) 21 (65.6%) 77 (62.6%) 

Antibiotics n (%) 29 (96.7%) 29 (96.7%) 31 (100%) 32 (100%) 121 (98.4%) 

 

APACHE II scores 

     

Median (25th to 75th 

percentile) 

11.0 (8.0, 12.0) 12.0 (8.0, 15.0) 10.0 (8.0, 14.0) 11.0 (9.0, 15.0) _________ 

 

Blood glucose 

mmol/L 

     

Median (25th to 75th 

percentile 

7.9 (6.3, 8.8) 6.4 (5.9, 7.8) 5.8 (5.3, 7.8) 5.9 (5.3, 7.2) _________ 

 

 

 

Confusion n (%) 

 

 

3 (10%) 

 

 

2 (6.7%) 

 

 

1 (3.2%) 

 

 

1 (3.1%) 

 

 

7 (5.7%) 

Agitation n (%) 3 (10%) 0 (0%) 0 (0%) 0 (0%) 3 (2.4%) 

Drowsiness n (%) 2 (6.7%) 5 (16.7%) 4 (12.9%) 5 (15.6%) 16 (13%) 

      

Blood sampling 

events (25th to 75th 

percentile 

 

2 (2, 4) 

 

2 (1, 3) 

 

2 (1, 4) 

 

2 (1, 3.5) 

 

_________ 
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Variable SPU control 

n = 30 

BPU control 

n = 30 

SSD 

n = 31 

TA 

n = 32 

Total 

n = 123 

 

Patient mobility n (%) 

     

* Unable to mobilise 21 (70%) 16 (53.3%) 19 (61.3%) 19 (59.4%) 75 (61%) 

* Turns independently 6 (20%) 8 (26.7%) 8 (25.8%) 7 (21.9%) 29 (23.6%) 

 

Skin type 

3 (10%) 5 (16.7%) 4 (12.9%) 

 

6 (18.8%) 18 (14.6%) 

  

white 
n             1.0 0.0 0.0             1.0                          2.0 

%             3.3 0.0 0.0             3.1                          1.6 

light     

brown 

n             12.0 14.0 10.0             13.0                           49.0 

%             40.0 46.7 32.3             40.6                          39.8 

moderate   

brown 

n             16.0 14.0 16.0             18.0                           64.0 

%             53.3 46.7 51.6             56.3                           52.0 

dark 

brown 

n             0.0 1.0 4.0             0.0                           5.0 

%             0.0 3.3 12.9              0.0                           4.1 

deeply 

pigmented 

dark 

n             1.0 1.0 1.0              0.0                           3.0 

% 
            3.3 3.3 3.2              0.0                           2.4 
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Characteristics were similar in control patients and the three treatment group 

patients for most variables, including numbers treated with corticosteroids or 

antibiotics, and for median APACHE scores and blood sampling events. Median 

blood glucose levels were 2 mmol/L lower in the SSD and TA groups compared with 

controls. Patients were assessed for confusion, agitation, drowsiness and level of 

consciousness at the time of AC removal. The numbers of patients with reported 

confusion and agitation were both 10% in the SPU control group, but lower in the 

three treatment groups. In contrast, reported drowsiness was more prevalent in the 

intervention groups at 12.9 to 16.7%, compared with 6.7% in the control group. The 

median Glasgow Coma Score was the maximum of 15 (fully conscious) for all 

groups at the time of catheter removal. All patients were bed bound or required 

assistance to mobilise during their short-term ICU stay. The control group had the 

highest number of patients who were unable to mobilise at 70%, with the incidence in 

the other groups being 53.3 to 61.3%. 

4.2.3 Arterial catheter insertion characteristics. 

Insertion site location characteristics, the seniority of the inserter, and the 

number of attempts for successful insertion were comparable between groups (see 

Table 4.3).  
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Table 4.3 

Characteristics of Arterial Catheter Insertion by Group 

 

Variable SPU control 

n = 30 

BPU 

n = 30 

SSD 

n = 31 

TA 

n = 32 

Insertion site 

 Radial 

 Brachial 

 Dorsalis pedis 

 

29 (96.7%) 

  0 (0.0%) 

  1 (3.3%) 

 

29 (96.7%) 

  1 (3.3%) 

  0 (0.0%) 

 

   29 (93.6%) 

     2 (6.5%) 

     0 (0.0%) 

 

     32 (100%) 

       0 (100%) 

       0 (0.0%) 

Inserter 

 Consultant 

 Senior Registrar 

 Registrar 

 

  7 (23.3%) 

  4 (13.3%) 

19 (63.3%) 

 

  8 (26.7%) 

  2 (6.7%) 

20 (66.7%) 

 

     9 (29%) 

     3 (9.7%)       

    19 (61.3%) 

 

11 (34.3%) 

2 (6.3%) 

19 (59%) 

 

Insertion attempts 

 1 

 2 

 ≥ 3 

 

19 (63.3%) 

  8 (26.7%) 

  3 (10.0%) 

 

19 (63.3%) 

  5 (16.7%) 

  6 (20.0%) 

 

 

    17 (54.8%) 

    11 (35.5%) 

      3 (9.7%) 

 

20 (62.5%) 

6 (18.8%) 

6 (18.8%) 

 

The majority 119/123 (96.7%) of catheters were inserted in the radial artery 

across the intervention and control groups. The TA group had all radially placed ACs. 

Only four study catheters were sited in arteries other than the radial artery. The 

brachial arterial was used for three difficult insertions, and the dorsalis pedis for one 

very difficult insertion. A high percentage of inserters 88/123 (71.5%) were 

registrars, followed by a smaller number of 35/123 (28.5%) of consultants across all 

groups. Many catheters, 75/123 (61.0%) were inserted after one attempt across the 

groups. However, 30 (24.4%) needed two insertion attempts, and 18 (14.6%) required 

three or more attempts for successful insertion across the groups. The median (25th 

percentile, 75th percentile) time taken to apply the dressing/securement device after 

AC insertion was 122 (100, 161) seconds, as the highest application time for the SSD 
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group, followed by 104 (79, 139) seconds for TA, 65 (56, 95) seconds for BPU, and 

42 (30. 63) for controls. 

4.3 Intervention Effect on Primary and Secondary Outcomes 

Primary and secondary outcome data were available for all patients. The 

primary outcome of unplanned device removal prior to completion of therapy 

(failure) was a composite of dislodgement, occlusion, phlebitis and infection.   

4.3.1 Primary outcome. 

AC failure ranged from 2/32 (6.3%) for TA, to 4/30 (13.3%) for BPU, then 

5/31 (16.1%) for SSD, and 6/30 (20%) for control SPU (see Figure 4.3) (see Table 

4.4). 

 

SPU = usual care/standard polyurethane; BPU = bordered polyurethane; SSD 

= sutureless securement device; TA = tissue adhesive. 

 

Figure 4.3. Catheter failure rates by group per 1,000 catheter hours. 
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Table 4.4 

Primary Outcome and Secondary Outcomes by Group 

 

Outcome variable SPU control  

n = 30 

BPU 

n = 30 

SSD 

n = 31 

TA 

n = 32 

Primary failure 
a 

    

n (%) 6 (20%) 4 (13.3%) 5 (16.1%) 2 (6.3%) 

p value N/A .73 .75 .14 

     

Catheter hours 755 786 829 859 

     

Failure rate/ 

1,000 AC days 

7.94 5.09 6.03 2.33 

95% CI [3.57, 17.68] [1.91, 13.56] [2.51, 14.48] [0.58, 9.31] 

     

Failure rate ratio N/A 0.64 0.76 0.29 

95% CI N/A [1.13, 2.70] [0.18, 2.98] [0.03, 1.64] 

p value N/A .51 .66 .13 

     

Secondary 
b 

Blocked Catheter 

3 (10%) 1 (3.3%) 3 (9.7%) 2 (6.3%) 

Monitor failure 1 (3.3%) 4 (13.3%) 4 (12.9%) 2 (6.3%) 

Accidental removal 3 (10%) 2 (6.7%) 0 (0%) 0 (0%) 

Painful 1 (3.3%) 0 (0%) 2 (6.5%) 0 (0%) 

Local infection 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Suspected BSI 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
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Outcome variable SPU control  

n = 30 

BPU 

n = 30 

SSD 

n = 31 

TA 

n = 32 

    

Hours till removal     

 Median 24.3 24.9 25 24.3 

 (25% to 75% 

percentile) 

(21.5, 25.5) (21.3, 27.3) (21.4, 26.8) (21.9, 26.5) 

p value N/A .34 .26 .55 
 

Note. CI = confidence interval; BSI = blood stream infection. 
a 
Fisher’s exact 2-sided test. 

b
 Do not add to 100% due to multiple possible outcomes.
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The effect size of TA was an absolute reduction of 14% compared to controls, 

with absolute reductions of 6.7 and 3.9% for BPU and SSD, respectively. Control 

ACs typically failed by blockage or accidental removal (both 3/30, 10% of failures). 

BPU and SSD group ACs most commonly failed through total monitor failure (loss 

of haemodynamic trace). TA catheters had equal numbers fail through blockage and 

total monitor failure, with no other type of failure seen in this group. The control SPU 

failure rate was 7.94 per 1,000 AC days, 95% CI [3.57, 17.68]. Likewise, the 

intervention group failure rates were as follows. The BPU failure rate was 5.09 per 

1,000 catheter days 95% CI [1.91, 13.56], p = .51, the SSD failure rate was 6.03 per 

1,000 catheter days 95% CI [2.51, 14.48], p = .66, and the TA failure rate was 2.33 

per 1,000 catheter days 95% CI [0.58, 9.31], p = .13. There were no statistically 

significant differences in the primary outcomes between any of the study groups and 

the control group. 

Sample size calculations for the future, larger trial were performed to compare 

the observed proportions with 90% power and at p = .05 (two-sided) (University of 

British Colombia, 2014). These calculations showed that a future trial would need 61 

patients per group to compare failure of 20% in SPU controls against 6% in TA 

patients. To compare SPU controls against SSDs (16% failure) would require 983 per 

group, and SPU controls versus BPU (13% failure) would need 589 per group. 

4.3.2 Secondary outcomes. 

The secondary outcomes of failure type and catheter dwell time were not 

significantly different to controls for any of the treatment groups (see Table 4.4). The 

median catheter dwell time in the four groups was: SPU 24.3 hours, BPU 24.9 hours, 
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SSD 25.0 hours, and TA 24.3 hours, p = .26 to .55. No infection outcomes were 

observed in the study, with no cases of phlebitis, local infection or CRBSI in any 

group. 

4.4 Survival Analyses 

4.4.1 Kaplan-Meier curve. 

Kaplan-Meier survival curves for the three treatment groups and the control 

were plotted to display failure of ACs over time (see Figure 4.4). There was little 

difference between curves up until the average dwell time of the 24 hour mark, after 

which the TA group had the highest proportion in use of the three interventions, but 

the difference was not statistically significant,  p = .562, overall log-rank test.  
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Figure 4.4. Kaplan-Meier survival curves showing incidence of the primary outcome 

over time between groups, and the number of arterial catheters still in situ at various 

time points since insertion. 

 

4.4.2 Cox regression analysis. 

Cox regression was applied, initially in a univariable model and then in a 

multivariable model to identify independent risk factors and to build prognostic 

results. The statistician was guided by the literature with the choice of the Cox 

analysis, when considering the 17 events of catheter failure. Recent views suggested 

there was no single rule based on events per variable for accurate estimation of 

regression parameters. It was also considered that the rule of ten events per predictor 

variable could be relaxed, with more events almost always preferable (Courvoisier, 
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Combescure, Agoritsas, Gayet-Ageron, & Perneger, 2011; Vittinghoff & McCulloch, 

2006). Thus, the univariable model tested whether any of: group, age, gender, skin 

type, co-morbidities, smoker, dominant side, catheter inserted by, insertion attempts, 

gloves worn, number of staff to apply, securing device applied by, ease of 

application, time to apply, or number of securing devices used, were explanatory 

variables for catheter failure. The results showed that compared with the control 

group, the hazard ratio of catheter failure was 0.32 in the TA group, 0.64 in the BPU 

group, and 0.78 in the SSD group, with none statistically different to the control 

group HR of 1.0 (see Table 4.5). Significant predictors of catheter failure on the 

univariable testing included being a current smoker, p < .1, and being female, p < .05. 

Once entered into the multivariable model, current smoker and female remained 

statistically significant (now both at p < .05 level), having an “other than moderate 

brown” skin colour reached statistical significance, p < .05, and being older 

approached significance , p < .1 (see Table 4.5).  
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Table 4.5 

Predictors of Catheter Failure Using Cox Regression 

 

 

Predictor 

 

Coding 

Cox regression 

Univariable Multivariable
a
 

HR
b
 

95% CI 

  LL                  UL 
HR

b
 

95% CI 

      LL                  UL 

Treatment arm 

0 = SPU 

1 = BPU 0.64 0.17 2.44 0.74 0.19 2.93 

2 = SSD 0.78 0.22 2.70 1.26 0.32 4.91 

3 = TA 0.32 0.06 1.66 0.33 0.06 1.80 

Age 

(years) 
Centred over mean 1.01 0.97 1.04 1.04* 1.00 1.09 

Gender 

0 = male 
1 = female 2.88** 1.00 8.26 5.99** 1.51 23.75 

Skin type 

0 = moderate brown 
1 = other 0.76 0.28 2.04 3.97** 1.04 15.15 

Number of co-morbidities 

0 = one 

1 = none 1.39 0.38 5.02 
   

2 = two 0.79 0.20 3.16 
   

3 = three or more 1.61 0.40 6.47 
   

Smoker 

0 = never 

1 = current smoker 2.63* 0.92 7.53 4.87** 1.32 17.93 

2 = past smoker 1.51 0.30 7.51        2.32 0.42 12.74 

Device on non-dominant side 

0 = yes 
1 = no 0.91 0.31 2.61 

   

Catheter inserted by 

0 = registrar 

1 = consultant 0.81 0.25 2.61 
   

2 = senior registrar 1.68 0.36 7.76 
   

Number of insertion attempts 

0 = none 

1 = two 1.60 0.57 4.51 
   

2 = three or more 0.66 0.08 5.27 
   

Gloves worn 

0 = yes, sterile 
1 = no or non-sterile 1.84 0.66 5.09 
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Predictor 

 

Coding 

Cox regression 

Univariable Multivariable
a
 

HR
b
 

95% CI 

  LL                  UL 
HR

b
 

95% CI 

      LL                  UL 

 

Number of staff to apply securing device 

0 = one 
1 = two 1.47 0.55 3.98 

   

Securing device applied by 

(0 = registrar,  

consultant, senior registrar) 

1 = other 1.65 0.61 4.47 
   

 

Ease of securing device application 

(< 0 difficult, > 0 easy) 

 

 

c
 

 

 

 

0.98 

 

 

 

0.71 

 

 

 

1.34 

 

 

 

 
 

Time required to apply securing device 

(seconds) 
c
 0.99 0.98 1.01 

   

Number of securing devices used 

0 = one 1 = two or more 0.53 0.12 2.37       

Note. CI = confidence interval; HR = hazard ratio; LL = lower limit; UL = upper limit.
 

a
 All predictors were entered into the multivariable models. Blank cells indicate that the variable was removed during the manual stepwise backward deletion 

of variables at a p > .2 level. HRs in the multivariable model indicates adjusted values. 
b
 HR < 1 indicates lower hazard (risk) of catheter failure than at the referent level, and HR > 1 indicates higher hazard. 

c
 Centred by groups, as the levels were considerably different in the various groups. 

* p < .1;  ** p < .05. 
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Being female had a 5.99 times stronger hazard for failure than for being male. Being 

a current smoker carried 4.87 times the risk of AC failure than for non-smokers. 

“Other than moderate brown” skin colour had 3.97 times the hazard of failure than 

“moderate brown” skin colours. For age, each increasing year of age increased the 

hazard of failure by 4%. As it was the primary research question, study group was 

kept in the multivariable model after adjustment for gender, smoking status, skin 

colour and age. The point estimates of the HRs for failure by study group varied 

somewhat after this adjustment. For SSD, this now had an increased HR of 1.26 

compared to the control group. BPU and TA still had lower HRs of 0.74 and 0.33 

respectively, compared to the control group. However, these were not statistically 

significant and CI remained wide and included the value of 1.0. 

4.5 Feasibility Assessment 

The feasibility of performing a future larger trial was assessed according to 

recruitment, delivery of the interventions, retention, protocol adherence, and 

satisfaction and practicability of study products. The required amount of research 

personnel time was also estimated. 

4.5.1 Eligibility/Recruitment. 

The percentage of eligible people who agreed to participate was 100%. A 

diary was kept of recruitment activity. Recruitment occurred over an eight month 

period. Monthly recruitment was recorded (see Table 4.6).  
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Table 4.6 

Recruitment Numbers by Month for Eight Months 

 

Month Patients recruited 

n (%) 

1 7 (4.8%) 

2 14 (9.6%) 

3 27 (13.7%) 

4 20 (13.7%) 

5 16 (11%) 

6 23 (15.8%) 

7 16 (11%) 

8 23 (15.8%) 

Total 146 

 

 

The first month of recruitment showed the smallest number of seven patients 

recruited, with the recruitment only done in one venue, the Anaesthetic Pre-

admissions Clinic. From the third month of recruitment, patients were also recruited 

as inpatients. This resulted in an increase in recruitment rates. The average 

recruitment was 21 per month. There were 146 patients recruited in total. The 

projected recruitment rates for the future trial were approximately 20 per month.  

4.5.2 Attrition. 

Of the total number of 146 patients recruited, 14 patients were not randomised 

as these patients’ booked surgery was cancelled and they returned to the waiting list. 

Following randomisation of 132 patients, a further nine patients did not commence 
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the protocol: four from the BPU group, one from the SSD group, 3 from the TA 

group and one control. Thus, 123 (84.2%) of recruited patients completed the 

protocol, so there was a total attrition rate of 23 (15.8%) patients. Reasons for leaving 

the trial were discussed previously in Section 4.2 (see Figures 4.1 and 4.2).  

4.5.3 Protocol delivery for intervention. 

Timely performance of the protocol occurred for 123 (93.2%) of the 132 

randomised patients. A variety of reasons prevented the other nine patients from 

progressing through the protocol past randomisation, as previously stated (see Figures 

4.1 and 4.2). All participants who commenced the protocol received the correct 

protocol for their intervention, and completed the trial. 

4.5.4 Numerical rating scales. 

Feasibility analyses using CIs around the estimate of treatment were used to 

interpret the results of scores from 11-point (0 -10) NRSs. Feasibility was achieved if 

at least 75% of ratings were ≥ 7, 90% CI, [67.5, 81.1] for each of the four NRSs. 

These were: (i) ease of application of the study product; (ii) ease of removal of the 

study product for staff; (iii) ease of removal of the study product for patients; and (iv)  

patient satisfaction with the study product overall. Each 11-point scale indicated 

increasing ease or satisfaction (see Table 4.7). As the data for all four NRSs were 

positively skewed, they were transformed into dichotomous data for analysis, as the 

proportion of each group rating ≥ 7 for each item. The TA and SSD groups had 

statistically significantly worse scores for staff ease of application compared to 

controls (both p < .05). However, all four study groups had greater than 67.5% (the 

lower limit of the 90% CI for feasibility) of respondents scoring ≥ 7. For the other 
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rankings— staff ease of removal, patient ease of removal, and overall satisfaction—

there were no significant differences between groups (all p > .05). However, for staff 

ease of removal, neither the SPU control group nor the SSD group met the criteria for 

feasibility, with less than 67.5% of staff rating the NRS at ≥ 7. All four groups had 

responses indicating feasibility for patient removal ratings, as well as for overall 

patient satisfaction, with > 75% of patients scoring these NRSs ≥ 7. There were no 

significant differences between the study groups for patient ease of removal or for 

overall patient satisfaction NRSs.  
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                           Table 4.7 

                           Comparison of Satisfaction Scores 0–10 by Intervention and Control Arms 

 

NRS
 a
 

 
n Median 25% 75% Minimum Maximum 

Response ≥ 7 

n (%) 
p value** 

 SPU 30 9.0 8.0 10.0 7.0 10.0 30 (100.0) n/a 

Staff: Ease of application 

BPU 30 9.0 8.0 10.0 6.0 10.0 28 (93.3) .492 

SSD 31 8.0 6.0 9.0 4.0 10.0 22 (71.0) .002 

TA 32 8.0 7.0 9.0 4.0 10.0 25 (78.1) .011 

 

 

 

Staff: Ease of removal 

 

SPU 29 8.0 5.0 9.0 2.0 10.0 19 (65.5) n/a 

BPU 30 10.0 8.0 10.0 2.0 10.0 26 (86.7) .072 

SSD 31 7.0 4.0 9.0 0.0 10.0 18 (58.1) .603 

TA 32 9.5 7.0 10.0 3.0 10.0 27 (84.4) .136 

BPU 30 10.0 8.0 10.0 5.0 10.0 30 (100.0) .499 

SSD 31 9.0 7.0 10.0 3.0 10.0 31 (100.0) .741 

TA 32 9.0 8.0 10.0 0.0 10.0 32 (100.0) .130 

 

 

Patient: Overall satisfaction 

 

SPU 28 10.0 9.5 10.0 6.0 10.0 27 (96.4) n/a 

BPU 30 9.0 8.0 10.0 5.0 10.0 26 (86.7) .354 

SSD 31 10.0 8.0 10.0 5.0 10.0 30 (96.8) 1.000 

TA 32 9.0 8.0 10.0 4.0 10.0 31 (96.9) 1.000 

Note. NRS = numerical rating scale; SPU = standard polyurethane; BPU = bordered polyurethane; SSD = sutureless securement device; 

TA = tissue adhesive. 

                                ** Fisher’s exact test, comparing intervention to control SPU for rating ≥ 7. 
                                                 a

 Scores increased with more positive ratings of ease or satisfaction. 
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4.6 Assessment of Workload of Research Personnel 

The workload of research personnel was assessed in terms of the times taken 

to perform specified research tasks. The periods considered were time for pre-study 

research tasks, time for patient recruitment, time for data entry per patient, and time 

for all research tasks post-protocol implementation (that is, from the recruitment of 

patient one). 

4.6.1 Pre-study workload. 

Times were collated for the research activities performed by the PhD 

student/PI to prepare for the study. The PI spent 20 hours completing ethics 

procedures, 38 hours performing protocol set up, five hours attending inter-

departmental meetings, and eight hours providing education to staff in the 

Anaesthetic Pre-admissions Clinic, OT and ICU. The largest amount of research pre-

study time for one activity was 70 hours (46.4%), spent preparing documents. This 

involved preparing protocol sheets, laminating photographs and product information 

sheets for application and removal, and designing bedside data entry sheets for both 

nurses and the PI. A protocol folder was also compiled containing the research 

proposal, copies of ethical approval letters, copies of the bedside stationery and 

stickers for trial identification on the paper patient record, as well as consent forms, 

patient information sheets, and chart stickers to record consent details. 

Documentation in the form of a spread sheet was initiated, to later identify patients 

who had provided consent and were on the surgical waiting list, or had a date for 

surgery. This was to facilitate study entry on the day of surgery. The total time taken 
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to carry out the pre-study implementation research activities was 151 hours (see 

Table 4.8). 

Table 4.8 

Activity Times of Principal Investigator Pre-Study Commencement in Hours 

 

Activity Activity Time 

Hours (%) 

Ethics procedure 20 (13.2%) 

Protocol set up 38 (25.2%) 

Document preparation 70 (46.4%) 

Legal contract 10 (6.6%) 

Meetings 5 (3.3%) 

Education (Pre-Admissions Clinic/OT/ICU) 8 (5.3%) 

Total 151 

 

4.6.2 Workload for recruitment. 

The total recruitment time for 146 patients was 45 hours. The mean 

recruitment time was 18.5 minutes per patient, with recruitment time defined as 

interview time plus time to record recruitment details. 

4.6.3 Workload for data entry. 

The time taken to perform all data entry tasks for 12 consecutive patients was 

recorded. The mean (SD) data entry time for the 12 patients was 26.6 (2.81) minutes 

[0.4 (0.05) hours] (see Table 4.9). 

4.6.4 Workload post-protocol implementation. 

The PI’s daily research tasks, relating to both patients and project 

management, were timed and collated for 12 consecutive days (Monday to Friday), 
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after the commencement of protocol implementation (that is, from the recruitment of 

the first patient) . The protocol had been implemented at the start of randomisation. 

Each day’s workload was categorised into nine tasks, which included: checking the 

OT lists for booked recruited patients, ongoing recruitment, travel time to and from 

recruitment venues, randomisation, observation of patient device insertion in OT, 

spread sheet data entry, database data entry, ICU visits, and preparation of protocol 

packs for ICU (see Table 4.10). The mean total time for all research tasks per day was 

314.17 (100.38) minutes [5.2 (1.67) hours]. 

The mean time per patient (n = 12) to perform all patient-specific research 

tasks for the trial was 156 minutes (2.6 hours). This total mean time was calculated 

from the following mean values by day: recruitment (47.0 minutes); randomisation 

(4.2 minutes); device insertion (78.3 minutes); and data entry (26.6 minutes).  
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Table 4.9 

Time Taken for All Data Entry Tasks for 12 Sequential Patients in Minutes 

 

Task Day  
            

 

1 2 3 4 5 6 7 8 9 10 11 12 M SD 

Recruit patient  5 4 4 4 3 4 3 5 4 5 4 4 4.1 0.67 

 Enter patient/device  12 11 10 12 18 9 10 8 9 11 11 9 10.8 2.59 

 24 hour check  5 4 3 3 4 3 2 3 2 3 4 3 3.3 0.87 

 Enter device removal  6 5 7 8 5 8 7 6 5 6 7 7 6.4 1.08 

 48 hour check  2 2 2 2 2 2 2 2 2 2 2 2 2.0 0.00 

 
Total 30 26 26 29 32 26 24 24 22 27 28 25 26.6 2.81 

 
Note. M = mean; SD = standard deviation.  
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Table 4.10 

Time Taken for Research Tasks by Day for 12 Sequential Days in Minutes 

 

Task Day 
  

 

1 2 3 4 5 6 7 8 9 10 11 12 M SD 

OT list/patient availability 
25 15 20 40 20 15 20 20 15 30 25 20 22.1 7.22 

Recruitment 
100 25 0 45 0 30 20 60 40 0 100 145 47.1 46.29 

Recruitment travel time 
20 20 0 10 0 10 10 10 10 0 10 20 10.0 7.39 

Randomisation 
5 5 0 5 5 5 5 5 5 0 5 5 4.2 1.95 

Device insertion 
115 45 0 115 0 60 70 170 60 0 145 135 76.3 59.51 

Spreadsheet 
0 30 60 5 0 60 0 10 20 60 30 60 27.9 25.89 

ICU visits 
10 100 90 0 60 15 25 25 50 20 15 10 35.0 32.75 

Spreadsheet data 75 90 80 35 50 70 40 80 95 60 55 70 66.7 18.99 

Restock protocol packs 10 30 60 20 0 10 10 10 70 40 10 30 25.0 21.95 

Total 360 360 310 275 135 275 200 390 365 210 395 495 314.17 100.38 

Note. M = mean; SD = standard deviation. 
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4.7 Costs 

4.7.1 Cost effectiveness. 

The clinical outcomes and costs for the four dressings/securements are 

summarised in Table 4.11. At a WTP threshold of $ AU-100.00 per catheter saved, 

the average NB was highest for BPU (AU$-18.60), indicating it as the most cost 

effective of the interventions and controls, followed by TA (AU$-19.30), then control 

SPU ($AU-22.40), and finally SSD ($AU-25.00). Although BPU was the most cost 

effective on the NB analysis, there was considerable uncertainty in this result. The 

probability distributions showed only a 50% probability that BPU was actually cost 

effective. This result was dependent on the varying effects of the WTP thresholds of 

the CEACs (see Figure 4.5). 
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Table 4.11 

Cost Effectiveness Analysis Results 

 

Intervention 
Success rate

a
 

mean (SD) 
Distribution 

Cost mean 

(SD) 
Distribution 

NB at AU$ 

$65.00 WTP
b
 

95% CI 

 

SPU (n = 32) 0.80 (0.40) Beta 
AU$ 74.40  

(28.1) 

Gamma 
AU$ -22.40 

[-36.20, -9.00] 

BPU (n = 30) 0.87 (0.34) Beta 
AU$ 75.10  

(26.4) 
Gamma 

AU$ -18.60 

[-31.60, -7.20] 

SSD (n = 31) 0.83 (0.37) Beta 
AU$ 79.00  

(27.4) 
Gamma 

AU$ -25.00 

[-37.90, -12.10] 

TA   (n = 30) 0.93 (0.25) Beta 
AU$ 80.10  

(16.3) 
Gamma 

AU$ -19.30 

[-22.80, -11.80] 

WTP = Willingness-to-Pay; NB = Net Benefit; SD = Standard Deviation; CI = Confidence Interval. 
a
 Calculated as 1-failure rate. 

b
 10,000 Monte Carlo simulations. 

 

 

Figure 4.5. Probability of cost effectiveness of dressings/interventions under different 

Willingness to Pay thresholds, presented in Cost Effectiveness Acceptability Curves. 
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4.7.2 Value of information analysis. 

The expected population of ICU patients for the State of Queensland was 

estimated at 125,000 ICU patients (Australian and New Zealand Intensive Care 

Society (ANZICS), 2013) over the next five years. To decide on future trial design in 

terms of number of arms and optimal sample size for cost effectiveness, VOI 

measures of EVSI and ENBS were calculated for possible designs (two-arm, three-

arm or four-arm) across different sample sizes. The optimal design would be the 

design with the maximum ENBS, and designs of priority would be those providing 

maximum return-on-investment (ROI), defined as the maximum ENBS per additional 

dollar spent on research. The EVPI from the pilot study was calculated as AU$-4.00 

per patient at the WTP threshold of AU$-65 per catheter saved. The estimated 

population EVPI was therefore AU$-500,000 (125,000 patients X AU$ 4.00) over 

five years (see Table 4.12). Such a value indicated a high level of uncertainty in the 

pilot study results consistent with the uncertainty of economic evaluation and the 

small sample size, suggesting that additional research would be potentially 

worthwhile. With increasing sample size, the degree of uncertainty was reduced, and 

the calculated EVSI converged with the EVPI (see Figure 4.6). The highest EVSI was 

associated with four-arm trial design (SPU, BPU, SSD and TA). The ENBS was 

positive, meaning expected research benefits exceeded expected costs for sample 

sizes of 50 to 600 for the four-arm design (see Figure 4.5). The ENBS was the highest 

with a four-arm design of 150 in each arm, (AU$-226,333) at a total cost of AU$- 

215,000, providing a return on investment (ROI) of 105% (see Table 4.12). 
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Table 4.12 

Value of Information Measures for Alternative Future Trial Designs 

 

Design EVSI Total cost ENBS ROI 

SPU, BPU, SSD, TA AU$-441,333 AU$-215,000 AU$-226,333 105% 

SPU, BPU, TA AU$-408,512 AU$-192,500 AU$-16,012 112% 

SPU, BPU, SSD AU$-390,453 AU$-192,500 AU$-197,953 103% 

SPU, BPU AU$-307,454 AU$-170,000 AU$-137,454 81% 

SPU, SD, TA AU$-300,314 AU$-192,500 AU$-107,814 56% 

SPU, TA AU$-256,583 AU$-170,000 AU$-86,583 51% 

SPU, SSD AU$-163,990 AU$-170,000 AU$-6,010 -4% 

EVSI = Expected Value of Sample Information; ENBS = Expected Net Benefit of Sampling; 

ROI = Return on Investment. 

 

 

 

Figure 4.6. Expected Net Benefit of Sampling for alternative future trial designs.  
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4.8 Safety 

No serious or other adverse events occurred. No safety concerns were 

reported by research personnel, clinical staff or patients. 

4.9 Summary 

This chapter set out the results of the research study. Descriptive analyses, 

feasibility data, inferential analyses, as well as survival analyses and cost analysis 

results have been reported. In summary, the data provided the information to 

determine the feasibility of a larger trial. In addition, preliminary estimates were 

obtained of the effect of three experimental approaches to peripheral AC dressing and 

securement, in comparison to the standard care, control approach. Chapter Five will 

now discuss these results in detail. 
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Chapter 5: Discussion 

5.1 Introduction 

This chapter contains a discussion of the research study results. The results 

confirmed that it is feasible to undertake further study about the dressing and 

securement of peripheral ACs with BPU, SSD and TA in the OT, and for post-

operative ICU care. The findings suggest that all three tested interventions would 

reduce AC failure, but TA may be the most useful product in comparison to standard 

care (SPU). In this Chapter, guiding questions are stated to direct the discussion. Each 

aspect of the research is then considered individually in Sections 5.3 and 5.4, and is 

discussed in the context of the feasibility research question and the aim, purpose and 

objectives of this pilot trial. 

The initial feasibility question was: “Is it feasible to secure peripheral ACs 

with BPU, SSD and TA, compared with standard care in the OT and ICU in terms of 

product performance, patient and carer satisfaction, and costs?” This question raises a 

composite of issues which collectively need to be answered to determine the overall 

approach to AC management. After performing an extensive literature review as 

reported in Chapter Two, it was concluded that this question could not be readily 

answered due to the paucity of published data on the topic. However, specific issues 

were covered in the literature as to what could be suggested as best practice, based on 

current evidence, and are summarised, as follows. The most pertinent issues were 

highlighted by Durie et al (2002) who reported of inadequate securement and 

accidental dislodgement or removal of ACs in the ICU environment, especially with 
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ACs inserted in the OT. These were serious complications that often resulted in 

catheter failure and likely involved haemorrhage and loss of haemodynamic 

monitoring. In addition, the literature also highlighted infection, with either local or 

CRBSI described as a cause of catheter failure, with a significant infection risk 

confirmed for ACs as being at least that of short-term CVCs, and higher in some 

studies (Wittekamp et al., 2013). Best practice, as recommended by the CDC 

Guidelines to minimise infection risk when managing ACs was to cover the insertion 

site with sterile gauze or a sterile, transparent, semipermeable dressing; to replace the 

catheters and dressings as clinically indicated, rather than routinely; and to scrub 

access ports before and after access with a recommended disinfectant, chlorhexidine, 

povidine iodine, or alcohol (O'Grady et al., 2011). SSDs were endorsed in preference 

to sutures to decrease infection risk, and also to remove the risk of needlestick injury 

(O'Grady et al., 2011; Yamamoto et al., 2002). These devices had only been tested in 

one large non-randomised study with ACs, and had been shown to be effective 

(Stephenson, 2005). TA had not been evaluated to secure ACs. 

The research question for the pilot trial was then formulated: “What effect do 

novel dressings and securement methods have on the failure rates of ACs in the OT 

and post-operative ICU, and is this worth studying in a larger research trial?” This 

pilot trial was designed according to the feasibility objectives, with a view that a 

future multi-centre RCT would replicate and extend the approach with a larger 

sample. The pilot trial was performed, with the prospect of conducting the larger trial 

being dependant on this study’s assessment of the appropriateness of eligibility 

criteria, the recruitment process, level of retention, protocol adherence, participation 
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of staff and patients, the delivery and nature of the interventions, the trial design, 

randomisation procedures and statistical analyses.  

There was considerable evidence in the literature about the effectiveness of 

various dressings and securement options for peripheral IVs, PICCs, and non-

tunnelled CVCs (Bausonne-Gazda et al., 2010; Bolton, 2010; Callaghan et al., 2002; 

Flippo & Lee, 2011; Frey & Schears, 2006; Martínez et al., 2009; McMahon, 2002; 

Penney-Timmons, 2005; Royer, 2003; Schears, 2006; Smith, 2006; Yamamoto et al., 

2002). However in stark contrast, there was only one trial, (not randomised) of AC 

securement and dressing (Stephenson, 2005). This literature thus provided some 

guidance from related catheters, but was inadequate direct evidence for the treatment 

of ACs. The importance of better intravascular catheter securement to increase patient 

comfort and ensure the safety of these catheters has been emphasised in these studies, 

as a way to prolong intravascular device functionality. It is therefore considered that 

improved dressing and securement of ACs would prevent such complications as 

accidental removal with resultant haemorrhage, phlebitis, extravasation, infiltration, 

occlusion, and infection. 

Traditionally, dressings have covered the site of catheter insertion and have 

been considered to perform a role in catheter securement. However, formal definition 

has more recently been made of catheter securement devices, which are now included 

in the literature. These are described as mechanical devices used to maintain the 

integrity of the access device (catheter), as well as preventing catheter migration and 

loss of access (Infusion Nurses' Society (INS), 2006). The term “stabilisation” has 

previously been used interchangeably with the term “securement” in the literature 
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when referring to these devices, which are noted to have particular additional 

requirements of not impeding circulation, and not interfering with assessment or 

monitoring of the access site (Infusion Nurses' Society (INS), 2006). Acceptable 

devices are considered to include manufactured catheter stabilisation devices, sterile 

tape and surgical strips (Infusion Nurses' Society (INS), 2011). Successful use of skin 

glue to secure epidural catheters and CVCs has been reported in a small number of 

human patients, as well being an established approach in veterinary medicine for 

effective intravascular catheter securement (Marks, 2009; Portillo et al., 2006; Smith 

& Wyatt, 2008; Wilkinson et al., 2008; Wilkinson & Fitz-Henry, 2008; Wilkinson et 

al., 2007). 

5.2 Conclusions: Feasibility Assessment 

The following detailed discussion of the feasibility of trial processes 

confirmed it would be appropriate to build upon this pilot and perform a larger, 

definitive RCT, however discussion will follow regarding the suitability of each of 

the approaches. The process of the research was tested in the pilot trial as follows.  

 

Guiding Question 1:  

Is it feasible to secure peripheral ACs with BPU, SSD, and TA compared with 

standard care in the OT and ICU in terms of use of study products, patient and carer 

satisfaction, and costs? 

The results in relation to this question will be discussed in sections 5.2.1 to 5.2.3 as 

follows: 
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5.2.1 Study products. 

All dressing and securement methods were used successfully until the 

conclusion of the pilot trial, with no reasons found to exclude their use or amend the 

interventions. The control product, the usual care Tegaderm™ SPU dressing, as well 

as the three interventions of BPU, SSD and TA, were applied and removed according 

to the manufacturers’ instructions. All clinical staff were familiar with application 

and removal of usual care SPU and somewhat familiar with BPU, but were usually 

unfamiliar with SSD or TA. It is possible this may have introduced an attitude of bias 

against the more unfamiliar products. To counter this, product information and 

educational sessions provided support and guidance to use the study products 

according to the protocol and manufacturers’ guidelines. During in-service sessions 

prior to commencement of the protocol, some ICU staff expressed general 

reservations regarding using the study products without suturing the ACs to the skin. 

Education reinforced the importance of following the trial protocol, so that the 

catheters were secured with the trial products only, without sutures. Explanations 

were ultimately well accepted and followed by the ICU staff. The staff worked in a 

culture where they were familiar with participating in research trials, which was seen 

to benefit instituting new products and practices. 

Although as expected in a pilot trial, differences between groups were not 

statistically different, each of the interventions performed better than the control SPU 

for absolute values of the primary outcomes. Catheter failure rates were lowest for 

TA with 2/32 (6.3%), followed by BPU with 4/30 (13.3%), and 5/31 (16.1%) for 
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SSD, compared with 6/30 (20%) for control SPU. No adverse reactions, phlebitis, 

local infections or CRBSI were reported in the trial. 

5.2.1.1 Bordered polyurethane 

BPU dressings have utilised new technology to improve SPU dressings by 

providing better securement with a firmer patterned adhesive border. The incidence 

of AC failure associated with BPU dressings in this trial was the second lowest of the 

intervention groups, at 4/30 (13.3%). The four cases of catheter failure in this group 

had monitor failure as the reason for early removal, with one of these ACs   

completely blocked, and two accidentally dislodged. Despite the manufacturer’s 

claims of excellent adhesion, and that the patterned technology provides additional 

catheter securement, including decreased “curling” of the dressing edges, accidental 

removal was still clearly possible even in these short-term ACs, which only needed to 

stay in good working order for approximately 24 hours. 

BPU dressings have not been well researched with no previous RCT 

investigations published. Few studies confirm the manufacturer’s indications that 

these BPU dressings minimise the risks of dislodgement and increase securement. In 

vitro evidence has shown that BPU dressings do not increase the catheter pull out 

force compared with no dressing. However, this has not been tested with patients, and 

may not be generalisable to human research (Simonova et al., 2012). This pilot study 

showed an accidental removal incidence of 2/30 (6.7%), which when compared to the 

other interventions which had no accidental removals, may indicate that this BPU 

was an inferior method of securing ACs compared to the others. Alternatively it may 

simply be a result of the small sample size. Satisfaction scores suggest that the BPU 
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dressings may have been more satisfying (presumably easier) to remove by nurses 

than the controls (86.7% vs 65.5% scored ≥7 out of 10, p = 0.072). These results are 

hard to interpret, and may be coincidental findings, since the reinforced picture-frame 

design of the BPU would appear to require more work for nurses to remove.  

One study reported that BPU dressings required less additional reinforcement 

than tape alone, when used with peripheral IVs (Callaghan et al., 2002). Although 

this was lower level evidence from a non-randomised study, it did describe decreased 

incidence of dislodgement and phlebitis associated with the BPU approach. Thus, this 

current research study with ACs builds on the evidence for the superiority of BPU 

over SPU. It showed that BPU dressings led to a high degree of satisfaction in both 

patients and staff, had lower absolute failure incidence than the SSD and the control 

SPU groups, but confirmed that accidental dislodgement, blockage and monitor 

failure could still occur. Additionally, BPU was economically assessed as being the 

most cost effective dressing compared with the other dressings. It seems worthy of 

future research. 

5.2.1.2 Sutureless securement device. 

Several studies have shown superior performance of the StatLock® SSD over 

SPU dressings or tape (Frey & Schears, 2006; Royer, 2003; Schears, 2006; Smith, 

2006), but with only one prior study in ACs (Stephenson, 2005). The StatLock® SSD 

was selected for this trial after careful consideration of product information. In 

addition, it was the only securement device specifically suitable for ACs readily 

available through hospital supplies. The SSD catheter failure incidence of 5/31 

(16.1%) was the highest of the intervention groups, and this was not significantly 
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different to incidence in the control group. Study of SSDs used for ACs has 

previously been limited to one large, non-randomised study (Stephenson, 2005). 

Many studies in IV devices, which provide largely weak evidence in the form of 

small non-randomised studies and audits, have found fewer complications with SSDs 

compared with controls, reporting reductions in phlebitis, blockage and dislodgement 

(Alekseyev et al., 2012). In Stephenson’s larger study (2005) of 995 ACs, the SSD 

failure incidence was 60/448 (12.8%). This is not essentially dissimilar to the 

observed SSD failure of 16.1% in the current study, thus supporting the validity of 

the findings. Stephenson (2005) similarly reported a lower incidence of failure in the 

SSD than in their control group (25%). In contrast, that study reported statistically 

significant differences while this pilot did not, but that is not unexpected, given the 

smaller sample tested here. A contrast to Stephenson’s study is that the current study 

had the benefit of a robust randomised design. This study therefore adds to the quality 

of the body of knowledge on the SSD approach. The reasons for catheter removal 

were monitor failure, blockage and pain. This may have been related to the distal 

location of the radial insertion of the ACs, where the adhesive pads of the StatLock® 

device were sometimes placed over the heel of hand. This awkward position may 

have contributed to catheter kinking and blockage as the patient flexed their wrist, or 

moved their lower arm or hand. Once the StatLock® SSD was in the fixed position, it 

was not possible to make a minor adjustment to the position of the AC at the insertion 

site with traction, in the possible circumstance of the cannula tip resting against the 

vessel wall. This may have contributed to blockage. Importantly, there were no 

reports of accidental dislodgement with the SSD, perhaps suggesting that this product 
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could be the most beneficial in this regard. There were 22 (71%) of patients with 

NRS scores of ≥ 7 for ease of application, compared with 100% in the control group, 

and this difference was statistically significant at p = .002. Thus, staff clearly found 

application less easy. This SSD required a multi-step procedure to apply, with the 

first step to prepare the skin prior to applying the adhesive pads, and then the AC and 

tubing were inserted into the SSD itself. This likely contributed to a longer 

application time compared with the other interventions, and led to lower satisfaction 

ratings for application. In contrast, patients and staff satisfaction with removal, and 

overall patient satisfaction ratings were similar in the SSD and control groups. As this 

product was initially unfamiliar to the hospital staff, greater use may have led to 

improved satisfaction over time. 

SSDs were the least effective intervention on raw incidence, and in the 

multivariable model actually increased AC failure (HR 1.26) compared to controls. 

Despite this result, there was nil incidence of accidental removal associated with this 

device, showing that the device was effective to keep the catheter in place. However, 

despite this, catheter failures still occurred. This pilot study showed higher SSD 

failure rates than expected at 5/31 (16.1%). This intervention had the highest number 

(4) of different reasons for catheter failure, which was more than for controls (3). 

These reasons were: blockage, unable to aspirate, monitor failure and pain. Device 

application was commonly on the anterior surface of the hand over the heel, which 

occurred with radial insertion. This was a somewhat awkward position which most 

likely inhibited the natural movement of the skin around the insertion site when the 

wrist was flexed. Such positioning may have contributed to the loss of catheter 
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patency, for example kinking on hand flexion may have caused the blockage, and 

monitor failure. Positioning, application and removal of the SSD would require 

particular attention when further investigating this product in the larger trial. 

5.2.1.3 Tissue adhesive. 

The use of skin glue was a novel inclusion in this RCT trial, in response to 

concerns in the literature regarding lack of effective AC securement (Carrión et al., 

2000; Durie et al., 2002), and the potential risk of infection that may be 

underestimated with these catheters (Koh et al., 2008; Lucet et al., 2010; Traore et al., 

2005; Wittekamp et al., 2013). Histoacryl
® 

Blue TA was the skin glue of choice in 

preference to Dermabond
®
 as the TA intervention in this study. Histoacryl

® 
with blue 

dye was considered most suitable to easily see the amount of glue applied at the 

insertion site and under the wing tips of the catheter in the ideal thin layer. This is 

important, as Histoacryl
® 

has a “runny” consistency when first applied. Histoacryl
® 

 

was also selected in preference to Dermabond
® 

because its pull out force is twice as 

strong, as reported in a comparison with Dermabond
®
 during in vitro testing 

(Simonova et al., 2012). 

The glue was associated with the lowest number of AC failures as the primary 

outcome at 2/32 (6.3%). However, this was not statistically different, p = .14, in 

comparison with controls. Of course, the trial was not designed to have adequate 

statistical power to detect group differences, but if confirmed in a larger trial, this 

would be greatly beneficial. The cause of catheter failure for both failed catheters was 

blockage. No accidental dislodgement was reported, suggesting the strategy may be 

beneficial in this regard. The Kaplan-Meier survival curve shows that the failure of 
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the two catheters occurred early, within 12 hours. The remaining ACs were used 

without complication up to a maximum survival of 96 hours. There were two patients 

with TA who remained in ICU for four days, and their ACs were secured 

successfully. Wilkinson and Fitz-Henry (2008) and Wilkinson et al. (2007) also 

reported positive findings in a case study and case series of TA use for CVC and 

epidural catheter securement. In contrast, those researchers reported a complication 

rate of 3.8% and slightly higher, but as further details of patients and TA use were not 

provided, it is impossible to know why these results may have occurred. In this study, 

TA effectively secured the AC, keeping it well positioned to ensure patency with 

precise monitoring waveforms. This concurs with reported effectiveness and patient 

comfort when TA was used successfully by anaesthetists in small studies to secure 

epidural catheters and CVCs (Wilkinson & Fitz-Henry, 2008; Wilkinson et al., 2007). 

This trial has provided the first ever research data on the use of TA in ACs, and the 

first ever RCT investigating use in any type of vascular catheter. As such, it provides 

a great step forward regarding knowledge in this area. 

In the analysis of data of staff satisfaction, TA responses ≥ 7 for ease of 

application were 78.1%, which was a significantly lower score than for controls, p = 

.011. Although the ease of application had a significantly lower score than the 

controls, scores were still over the 75% cut-off for feasible satisfaction. In contrast, 

ease of removal for staff was rated somewhat higher than for controls (84.4% versus 

65.5% rated at ≥ 7), although this was not statistically significant (p =.136). The level 

of patient satisfaction, both for removal, and overall for the product were high. These 

results indicate a generally high level of satisfaction of TA for staff and patients, 
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considered acceptable for a new product, and worthy of further investigation. 

Application of the new product would most likely be rated as easier for staff with 

greater use over time. 

TA patients had no reports of CRBSI or local infection. This was consistent 

with the literature (Grewal, Hocking, & Wildsmith, 2006; Wilkinson et al., 2008) and 

in vitro research findings (Simonova et al., 2012) that cyanoacrylate TAs have 

antimicrobial properties against Gram-positive species, which are components of 

normal skin flora and commonly causal of CRBSI. Skin glue has been shown to have 

potential for a worthwhile impact on developing methods for effective securement of 

ACs, while offering proven antimicrobial benefits. This product may assist in 

addressing the underestimated risk of local and CRBSI in ACs (Safdar et al., 2013). 

While no infections were reported in this study in any group, the antimicrobial 

properties of TA require further investigation in a larger trial. 

5.2.2 Satisfaction. 

Overall, staff and patients were satisfied with all study products, confirming 

the acceptability and practicability of all approaches. The 11-point rating scales were 

used to score the staff member’s rating of the study products, with the majority of 

study products having greater than the desired 75% of ratings of ≥ 7 for all groups, 

with the exceptions of staff ease of application of SSD at 71%, staff ease for removal 

of SSD at 58.1%, and removal of the control SPU at 65.5%. These staff satisfaction 

results generally met the required feasibility assessment criteria of a minimum 75% 

of ratings ≥ 7, 90% CI [67.5%, 81.1%] (see Table 4.7). The results therefore 

confirmed that conventional CIs of 95% were unrealistic, with 90% and 68% more in 
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keeping with the size limitations of pilot studies (Hertzog, 2008). A very positive 

finding was the 100% of patient ratings of ease of removal for all products were ≥ 7 

for all intervention groups. Another positive finding was > 85% of patient ratings for 

overall product satisfaction were ≥ 7 across the groups, indicating a high level of 

patient satisfaction with all the tested dressing and securement products. Staff’s ease 

of application median values were 8.0 for both BPU and TA, which were slightly 

worse than for the controls at 9.0. This is perhaps natural for novel technologies, and 

a score of 8.0 cannot be interpreted as poor. Staff had cooperated to learn the new 

application techniques, which were different from traditional securement methods, 

and generally gave favourable ratings for the products. These satisfaction ratings may 

reflect the longer application times for BPU and TA. Application median times were 

longest for SSD (122 seconds), followed by TA (104 seconds), and then BPU (65 

seconds), when compared with SPU controls (42 seconds). The newer technologies 

SSD and TA had multi-step processes, which were unfamiliar compared with 

controls. Although some application satisfaction scores were as low as 4.0, these 

were likely lower for the new technologies due to a lack of familiarity with the 

products. This was probably perceived in terms of difficulty, and resulted in slower 

application processes for SSD and TA, compared with the well-known SPU controls. 

Improved satisfaction could be expected after longer term use of the products. 

For removal, only 73% of staff ratings were ≥ 7. In particular, ease of removal 

for ratings ≥ 7 for BPU was 86.7 and 84.4% for TA compared with 65.5% for 

controls. For SSD, only 58.1% of ratings were ≥ 7. This may be explained if staff did 

not soak the SSD adhesive in sufficient alcohol with the recommended six alcohol 
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wipes, to ease the device from the skin. Removing the device without soaking the 

adhesive pads in as much alcohol as advised would make removal more difficult. 

However, it was interesting to note that 100% of patients rated the ease of removal ≥ 

7 for the SSD. Staff clearly took great care to remove the device slowly and carefully, 

to not cause discomfort or any adverse effect to the skin, even though the process was 

most likely more difficult for staff. 

Anecdotally, many health professionals worried that TA would be difficult to 

remove. This was clearly not the case, as staff satisfaction with removal was actually 

higher than for SPU controls. The inclusion of both staff and patient satisfaction 

scores was novel, as many previous studies have not measured such concepts, or have 

not used an objective measure such as the NRS used here. 

There was a potential for social desirability bias when the participants rated 

their overall satisfaction and removal satisfaction for their intervention. It is 

acknowledged that it is likely that patients may not have wanted to appear ungrateful 

or be seen to be negative about the study. However, all the dressings and securements 

were viewed positively, and the request to rank out of 10 may have reduced this risk 

of bias. 

5.2.3 Costs. 

Micro-costing studies are guided by economic theory and involve data 

collection on quantity of resources used and the value of those resources. The base 

purchase price of the products per item at 2012 Queensland Health prices was: SPU, 

23 cents; BPU, 83 cents; SSD, $6.95; TA, $13.20. This is important where the 

intervention is new and there has been no opportunity to calculate average costs. 
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Thus, such micro-costing is useful for estimating the cost of new technologies (Frick, 

2009; Gold, Siegel, Russell, & Weinstein, 1996). The newer dressings—BPU and 

TA—were found to be more cost effective than the control SPU, at WTP thresholds 

of $65 and $120 respectively. However, this result was not certain, with the 

probability of cost effectiveness ranging from 4% for TA, to 10% for SSD, 40% for 

SPU controls, and 50% for BPU. However, using VOI methods (Tuffaha et al., 2014) 

indicated this uncertainty could be reduced by undertaking further research. VOI 

analysis entailed ENBS and ROI for future trial designs, and provided a quantitative 

prioritisation of proposed designs with results that illustrated the design with the 

highest ENBS may not necessarily provide the highest ROI. This was illustrated with 

the results of the four-arm design—SPU, BPU, SSD and TA—and the three-arm 

design—SPU, BPU and TA. The four-arm design had the highest ENBS, but the 

three-arm design had the highest ROI of 112%. A recommended sample size of 150 

per group for the larger trial, based on VOI analysis, was more economical than the 

traditional sample size calculations based on calculations of type I and type II errors, 

and the smallest clinically significant difference. These traditional methods indicated 

group sizes of 983 to compare control with SSD, and 589 to compare controls versus 

BPU. The VOI approach restricted the analysis to Queensland, Australia with a 

speculated time frame of five years. The WTP threshold was based on the minimum 

cost for replacing a failed catheter. The major limitation for this technique was that 

dressing costs were taken from the current cost agreement between Queensland 

Health and the product manufacturers. Product costs are negotiated annually, and 

prices can vary considerably with multiple competitor companies, and from year to 
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year. Importantly, the use of TA to secure intravascular catheters is a novel 

application for the product, and it is not currently marketed for this indication. With 

future proposed use of TA to secure thousands of catheters in Queensland annually, 

the price of the product would likely reduce substantially. Price fluctuations would 

markedly affect the estimated VOIs, which were obtained in this cost analysis. Of 

note, the EVSI is a new approach for determining sample size and it requires further 

validation before becoming an accepted approach.  

 

Guiding Question 2:  Is the process of the research feasible in terms of recruitment, 

eligibility criteria, retention, and protocol adherence, which would be quantified by 

numbers screened, numbers enrolled, numbers randomised, along with rates of 

retention, adherence and attrition?  

The study results pertinent to answering this question will now be discussed in 

sections 5.2.4 to 5.2.7, as follows.  

5.2.4 Eligibility. 

All patients who were assessed as eligible gave written informed consent to 

participate in the trial. Thus, 100% of eligible patients commenced the recruitment 

process. This result could not be bettered, suggesting the process was effective. All 

patients screened for eligibility were correctly recorded in the trial diary to provide a 

clear and detailed report of participant flow (Toerien et al., 2009). The 100% of 

eligible patients progressing to the trial showed that eligibility criteria were clearly 

defined and sufficiently broad. The criteria were deemed appropriate as they only 



ARTERIAL CATHETER DRESSING AND SECUREMENT                                        

213 
 

allowed for a small number of four prospective participants who were unable to meet 

the inclusion criteria (see Figure 4.1). 

5.2.5 Recruitment. 

A daily diary record provided a useful screening log to guard against 

inaccurate estimation of recruitment rates (Foster, Cook, Granton, Steinberg, & 

Marshall, 2000). At the time of recruitment completion, the average recruitment of 

approximately 20 patients per month was a stable and predictable number to project 

likely recruitment in the larger trial, and could be used to guide the larger trial’s 

design and budget. 

Modification to recruitment procedures occurred during the second and third 

months of recruitment. An important recruitment problem was addressed. It was 

found that patients recruited in the Pre-Admissions Anaesthetic Clinic were assigned 

a date for surgery that was often cancelled, and the patients were then assigned to the 

OT waiting list for an unknown and possibly extended period. To address this issue, 

patients were only recruited through the Pre-Admissions Anaesthetic Clinic if they 

had an allocated date of surgery. Patients were then also recruited as inpatients 

following information that many patients were admitted for elective surgery with 

planned post-operative ICU care, prior to the day of surgery. Recruitment numbers 

increased by the third month, initially doubling after this modification to recruitment 

venues (see Table 4.6). This information has been valuable in guiding the 

recommended recruitment strategies to be used in the larger trial. 

The time frame taken to recruit the participants was somewhat longer than 

anticipated, with the PI completing all research tasks. This limited the number of AC 
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insertions in OT that could be studied at any given time, decreasing the number of 

total insertions over a given timeframe. If more than one research nurse was available 

per site in the larger trial, this limitation and potential bias could be addressed. 

5.2.6 Retention and attrition. 

Retained numbers of participants throughout the entire trial were sufficient to 

justify the larger trial. In total, 93% of randomised patients completed the pilot trial. 

These losses were small, and were roughly evenly distributed between the groups (see 

Figure 4.2). Most losses were systems related and were largely unavoidable. The 

most frequent reasons were patient status in OT was better than expected, so ICU care 

was not required, and recruited patients had procedures re-scheduled outside data 

collection hours, because of unforeseen cancellations. This suggested attrition bias 

was not at play. The attrition rate of 7% would be acceptable within the economic 

constraints of the larger trial. Understanding the nature of pilot dropouts was 

considered an important aspect of future planning for the core study.  

5.2.7 Adherence. 

The protocols for dressing/securement application, care and removal were 

adhered to for all patients. This was a very positive outcome promoting internal 

validity, and contributing factors have been considered in relation to the literature. 

Clinical supervision and education of staff during the RCT were seen as critical in 

maintaining the fidelity of the interventions. Meetings between the PI and clinical 

staff who were service providers in implementing the interventions were scheduled 

daily, to discuss individual cases and performance. Such meetings have previously 

been shown to build support (Del Boca & Darkes, 2007). The training of staff 
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included an overview of the study and a review of data collection materials and 

protocols. This was intended to provide a clear understanding for clinical 

practitioners. The number of sessions was defined by the needs of the staff in the OT 

and ICU venues. Training was viewed as an ongoing process, and occurrence was 

dependent on the frequency of intervention and staff understanding. All staff had 

initial supervision in OT and ICU for protocol implementation for each patient. This 

served to engage staff support regarding the likely usefulness of the interventions, 

teaching them skills related to each intervention, and supporting the new and different 

practices. Close cooperation with staff was designed to keep staff motivated, and such 

an approach has been shown to ensure consistency and continuity (Torrey, Green, & 

Drake, 2005). The care-givers showed appreciation for the availability of ongoing 

consultation with the PI, which provided monitoring and advice on correct protocol 

implementation. Recognition of successful implementation of the protocol was 

provided by giving staff positive feedback, as this has been identified as an important 

aspect of training of staff for RCTs (Aarons, Wells, Zagursky, Fettes, & Palinkas, 

2009). 

 

Guiding Question 3: What are the resources required to conduct a large multi-centre 

trial in terms of time, budget, facilities and scheduling?  

The research results related to this question are discussed in section 5.2.8 as follows: 

5.2.8 Resources. 

Research time, facilities and scheduling were considered to assess resource 

needs for the larger trial. 
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5.2.8.1 Research time. 

Estimation of the required time for research personnel to complete research 

tasks was performed to plan research nursing requirements for the larger trial. Pre-

randomisation activities were performed by the PI. There were six activities, which 

were: ethics procedures, protocol set up, document preparation, meeting attendance, 

in-services, and education with the number of hours recorded required to perform 

each research activity (see Table 4.8). Total time was 151 hours, which was 

equivalent to 19, eight hour working days. Therefore, research nurses would be 

needed for approximately three to four weeks full-time work, pre-study. This was the 

time required for all tasks, prior to recruitment.  

The total recruitment time of 146 patients was also recorded, and was 45 

hours. This was the exact time to perform the recruitment tasks, and did not consider 

the time frame of waiting for available patients who were eligible for recruitment. 

The length of waiting time was variable, and sometimes considerable. Prospective 

patients had appointment times and often were not punctual. Additionally, when 

patients were early for appointments, they were frequently sent to other departments 

for routine cardiology and pathology tests. This meant they were also often not 

available at their time of their appointment. Waiting for patients and travelling to and 

from the Pre-Admissions Clinic recruitment venue could take up to a total of one 

hour per day, which was considerable and unexpected. However, when an 

understanding of patient flow in the clinic was realised, it was appreciated that the 

time delays were reasonable. Best use of time was negotiated with administration 

staff. They were able to provide details of patient availability by phone contact to 



ARTERIAL CATHETER DRESSING AND SECUREMENT                                        

217 
 

minimise waiting. In addition, details of patient appointment times for patients who 

met the trial’s inclusion criteria were phoned to the PI the prior afternoon. This 

cooperative approach was initiated by the clinic staff, who had readily embraced the 

concepts of the trial protocol after initial education. Waiting for patients did not occur 

when recruiting patients as inpatients, so this strategy would be recommended as 

having a strong focus in the larger trial. 

An assessment of the daily time taken to perform research tasks post-protocol 

implementation was performed over a 12 day period. There was assessment of the 

time taken to perform the nine tasks that were the usual activities to perform the trial. 

These tasks were: checks of the OT list and patient availability, continued 

recruitment, time to travel to and from the recruitment venues, observation of device 

insertion in the OT, spread sheet data entry, database data entry, ICU visits and 

education, and preparation and restocking of protocol packs for ICU. Mean daily 

work time for the 12 day period was 5.2 (1.6) hours (see Table 4.9). Therefore, the 

estimated daily research nurse requirements for the larger trial was approximately 5.5 

to 8 hours per day, Monday to Friday, with the recommended work hours between 

0600 and 1630. The early start time was beneficial to allow for efficient recruitment 

of inpatients, prior to commencing other research tasks. Additionally, it was a useful 

time to perform daily checks of patients in ICU before morning rounds by the 

healthcare team. Educational needs of night staff were also able to be assessed and 

met.  

Data entry tasks were assessed separately, to accurately understand the 

balance of this workload, in relation to other research tasks. The repetitious nature of 
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this work may have caused a perception that it required more time for completion 

than was actually needed. There were five data entry tasks recorded to complete data 

entry for each of 12 patients (see Table 4.10). With the mean total time to perform all 

data entry tasks per patient for the whole trial being 0.4 (0.05) hours, the average 

patient time for data entry was under half an hour. It was clear that data entry time 

occupied only a small proportion of research time per patient. In addition, it was 

noted that all data entry tasks for each patient were not completed on the same day, 

but were recorded when the events occurred. Even though data entry did not occupy a 

large amount of time on any one occasion, it contributed to a varied and occupying 

workload. It was important to organise an efficient time management plan to 

accurately perform all pre- and post-randomisation tasks in the trial protocol. 

Considering nursing wage rates to repeat this trial, employing a senior research nurse 

full-time for eight months would cost approximately $AU 80,000. This can assist 

with budgeting for future studies, providing valuable information regarding the cost 

of the research nurse in relation to seniority and skill mix. 

5.2.8.2 Facilities. 

The facilities were assessed for understanding of patient flow in the Pre-

Admissions Clinic, OT and ICU to locate patients correctly for recruitment, device 

insertion, and post-operative admission to ICU. Accessing staff in these facilities was 

studied to ensure timing of communication and education, and correct delivery of 

protocol documents to the correct bed allocation for the patients in ICU. Liaison and 

building of effective communication networks with team leaders and administrative 

officers in ICU was extremely useful, and provided an effective system for delivery 
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of documents for patients. This team approach co-ordinated information and 

communication to assimilate staff changes over different shifts, and adjustments to 

estimated times of arrival of patients from the OT. 

5.2.8.3 Scheduling. 

Understanding OT scheduling was of vital importance, to find appropriate, 

eligible inpatients, and to confirm the inclusion on the OT lists of patients recruited in 

the Pre-Admissions Clinic. The lists were prepared several days in advance for 

elective patients. However, these lists were frequently modified according to the 

addition of emergency cases, and this led to subsequent cancellations and 

rescheduling of elective cases. With increased familiarity of patient flow in the area, 

the importance of checking that recruited patients had not become cancelled cases 

was realised. This situation was better understood as recruitment progressed, and was 

considered greatly important regarding recruitment for the larger trial in this venue. 

 

Guiding Question 4: 

Is the management of the research feasible in terms of personnel and training 

needs, capacity, coordination, data, intervention acceptance and satisfaction, as well 

as human participation issues? 

Section 5.2.9 discusses the research results in relation to this question. 

5.2.9 Research management. 

5.2.9.1 Coordination. 

Effective coordination of research events in the OT was required when 

randomised patients presented in the OT within a similar timeframe. Attention to OT 
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list changes was necessary to ensure trial products were available in different theatres 

in a timely fashion. Clear communication with the co-ordinating anaesthetist 

provided useful information to facilitate correct initiation of the trial protocol with 

randomised patients in a busy OT complex. It is therefore recommended that the 

research nurse for the larger trial would need a thorough understanding of OT and 

anaesthetic practice to enable the trial protocol in this environment.  

The PI needed to ensure complete documentation in the patients’ paper record 

following recruitment and prior to device insertion. Protocol packs were then 

matched with each patient’s randomised study products. These accompanied the 

patient to the OT, and subsequently to the ICU. Most patients were “off trial” by the 

weekend. However, three patients had dressings/securement devices in situ over three 

different weekends. Shift by shift phone contact was maintained with bedside staff, 

and daily bedside assessment and associated data entry was performed each morning. 

This meant there was a need to plan for overtime payments for research nurses in the 

larger trial. However, it was anticipated this would be a minimum amount, with the 

majority of trial patients discharged from ICU by Friday afternoons. 

The PI’s activities, as described, demonstrated a workable approach that 

ensured the feasibility of application of the study products in the OT, and research 

follow-up of the post-operative care in the ICU. Data collection at the bedside 

performed by ICU nurses was routinely monitored by the PI, and found to be an 

accurate method of data collection. Educational sessions were performed for staff in 

both the OT and ICU settings at the beginning of the study, and individually daily if 

required, to promote intervention understanding and acceptance. These sessions 
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involved discussion and reiteration of the steps to perform the protocol correctly. The 

sessions were invaluable to further examine patient issues or the protocol, to promote 

accurate data collection and protocol adherence. 

 

Guiding Questions 5 and 6: 

Are the scientific aspects of the research feasible in terms of the delivery and nature 

of the intervention, safety and efficacy, viability, design, outcomes measures, 

randomisation and missing data?  

How do initial estimates of effect size and preliminary quantitative statistical analyses 

provide a guide to the proposed sample size and data analyses in the larger trial? 

The study results in relation to these two questions will be discussed in section 5.3. 

5.3 Data Handling and Statistical Analyses 

An Access database for data entry was created by Griffith University 

eResearch Services. A personal computer laptop was provided. Data were entered as 

soon as practicable, from a bedside paper data record. The laptop was considered to 

occupy too much space, and was not practical at the bedside in OT or ICU. As a 

result, a personal computer tablet could be used for the larger trial to ensure space 

economy, and to eliminate double data entry. 

Data cleaning was performed, with all database entries checked with the paper 

data record for extreme or implausible values, prior to data analysis. On completion 

of cleaning, all errors were corrected, and there were no missing data. There were 

initially a small number of missing entries. These were easily checked with the paper 



ARTERIAL CATHETER DRESSING AND SECUREMENT                                        

222 
 

record, and added correctly during a complete manual data check at trial completion. 

The formatting of several data entry points consisted of a horizontal layout with close 

spacing. This was considered to have possibly contributed to inaccuracies in data 

entry. Subsequent database review to address the creation of a page format which 

facilitated accurate data entry has been carried out by Griffith University eResearch 

Services. 

5.3.1 Randomisation. 

Griffith University IT Services and the Centre for Health Practice Innovation 

hosted the Clinical Trial Randomisation website, providing online randomisation, 

which was accessed for this pilot study. This was an efficient randomisation method, 

with 24 hour assistance as required. No problems were encountered, and this method 

of randomisation was considered suitable for the larger trial, with larger group 

numbers. This method gave guaranteed concealment of allocation and is in line with 

best practice for using centralised randomisation in clinical trials (Schultz & Grimes, 

2002). 

5.3.2 Baseline and clinical characteristics. 

The baseline demographic data of age, gender and diagnostic category and co-

morbidities, as well as clinical characteristics (see Tables 4.1 and 4.2) were 

considered comparable between groups, applying clinical judgement in view of the 

small sample size. This reinforced the success of the randomisation approach. The 

most typical surgeries were neurological (brain), gastrointestinal and vascular. It is 

recommended that these be targeted for the larger trial. 
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Immunocompromise (known corticosteroid therapy), APACHE II score, 

hyperglycaemia, number of set interruptions, existing infections (known antibiotic 

therapy), level of consciousness and delirium status, and skill of inserter recorded for 

each patient showed a general uniformity between groups, and most likely reflected 

the nature of patients with short-term ICU admissions of generally 24 hours, or 

slightly more. The majority of patients received pre-operative and/or intraoperative 

IV antibiotics 121 (98.4%), and a large number, 77 (62.6%), received pre-operative 

and/or intraoperative IV corticosteroids. The literature is contradictory regarding pre-

operative steroid use for increased risk of SSI, with several studies showing no 

relationship (Mangram, Horan, Pearson, Silver, & Jarvis, 1999; National Health and 

Safety Network (NHSN), 2013). It is noted that APACHE II scores were ten to 12 

across all groups, suggesting only a moderate severity of illness in the study sample. 

This could not be generalised to the whole ICU population, who would have a higher 

overall acuity, and a longer length of stay, which may require different approaches to 

AC securement. 

5.3.3 Quantitative analyses. 

It is encouraging for future studies that all three tested experimental groups 

had lower absolute incidence of AC failure than the control catheters. The primary 

outcome of unplanned device removal, n (%), as planned for the larger trial, ranged in 

this pilot trial from 2/32 (6.3%) for TA, 4/30 (13.3%) for BPU, 5/31 (16.1%) for 

SSD, and 6/30 (20%) for SPU controls. These observed effect sizes also support the 

necessity for future research, ranging from a 19% relative reduction in AC failure in 

the SSD group (compared to controls); 33.5% relative reduction in the BPU group; 
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and 68.5% relative reduction in the TA group. If such effects were replicated in a 

larger trial, these would be extremely important clinical differences to detect, and 

would immensely benefit patient outcomes. However, in accordance with this pilot 

trial not being designed to have adequate statistical power to detect differences in AC 

failure between groups, these differences were not statistically significant. In 

comparison to the absolute incidences, the incidence per 1000 hours was more similar 

between groups, but all three treatment groups still had less AC failures than the 

control group (SPU 7.9 per 1,000; BPU 5.1 per 1,000; SSD 6.0 per 1,000; and TA 2.3 

per 1,000). Arterial device failure over time was tested with the log-rank test for 

equality of survivor functions, comparing the three alternative interventions, with the 

control group, p = .56. This confirmed the null hypothesis that there was no overall 

difference between survival curves. Again, this was expected in this pilot trial, but the 

results support the need for further, adequately powered RCTs to be undertaken. 

Sample size calculations showed such a trial would require as few as 122 patients 

(SPU versus TA), or as many as 1,966 patients (SPU versus SSD). An important 

point of analysis is the estimation of sample sizes power calculations for the larger 

trial, based on this pilot study. Where there is a smaller difference between groups as 

in BPU vs SPU compared with SSD vs SPU, a smaller group size is estimated (589 as 

opposed to 983). Usually smaller between group differences require a larger sample 

size to determine significant difference. It is noted that further sample size calculation 

was performed in the economic analysis with group sizes of 150 providing the 

highest ENBS. These different estimated sample sizes for the larger trial are an 

interesting discussion point as to the most appropriate approach to base the study 
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sample size on for the larger trial. The decision will be based on a choice regarding 

the primary outcome of catheter failure alone, or an economic composite. Further 

evaluation of these considerations needs to be undertaken.  

The study provides new information on the most common types of AC failure. 

Regardless of group, the overall study failure rate was 17/123 (13.8%) for this 

invasive medical device. This seems unacceptably high, especially given that devices 

in this study were only required for a short (approximately 24 hour) period. It is 

surprising this does not demand higher attention in the anaesthetic and critical care 

specialties, but there is a dearth of discussion on this point in the current literature. 

Therefore, publication of this study will be extremely important. Total monitor failure 

occurred as the most common cause of failure, occurring in 11/23 (8.9%) of patients. 

Blockage was the next most frequent cause of failure, occurring in 9/123 (7.3%) of 

patients. Both monitoring failure and blockage are likely related to similar pressures 

on the body of the catheter, causing it to collapse and kink, or occlude with blood if 

ineffectively flushed. Accidental removal occurred in 5/123 (4.1%) of patients, with 

all occurring in either SPU or BPU patients, suggesting these are not effective 

securements. Painful ACs were the least common reason for failure, occurring in 

3/123 (2.4%) of patients. All three treatment groups performed at least as well as than 

the control, with no safety concerns reported. 

5.3.3.1 Cox multivariable regression analysis. 

Cox multivariable regression was performed, and treatment group remained a 

non-significant predictor of failure. However, the variables of female gender, HR 

5.99, p = < .05, being a current smoker, HR 4.87, p < .05, skin colour of “other than 
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moderate brown”, HR 3.97, p < .05, and older age HR 1.04, p < .05 were associated 

with an increased incidence of AC failure.  

A previous audit of IV catheter complications and failures found being female 

was a predisposing factor (Martinez et al., 1994; Wallis et al., 2014). The reasons for 

female gender being a significant predictor of catheter failure are unclear. Women in 

general have a decreased oxygen carrying capacity, different hormonal factors, and 

sex specific body fat compared with men (Lewis, Kamon, & Hodgson, 1986). It may 

be that female artery diameter size is smaller, and with the catheter size generally 

selected being 20 gauge, the flow diameter would be reduced. This may lead to more 

inflammation, and possibly cause the vessel to put greater pressure on the AC body, 

and contribute to the six times higher risk of catheter failure, compared with men. 

Peripheral vascular disease, which most likely predisposes to difficult intravascular 

access and subsequent catheter failure, does not appear to have any difference in 

anatomical distribution between genders (Morris-Stiff et al., 2011). However, 

hormonal changes that occur in post-menopausal women cause a decrease in skin 

thickness and collagen content (Stevenson & Thornton, 2007). The key to this 

predictability may lie in the health status of the female skin in the 51 (41.5%) females 

in the study. With median age of study participants at 62, a large number of female 

study participants would be expected to be of post-menopausal age. Differences in 

skin thickness and collagen related to hormonal changes, in addition to the presence 

of peripheral vascular disease, could contribute to difficult AC insertion, arterial 

damage and thrombosis, with these factors all contributing to catheter failure. The 
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question of whether menopause causes female skin to deteriorate any faster than male 

skin would be an interesting sub-analysis in the larger study. 

The finding of a significant increased risk of catheter failure when a current 

smoker was likely related to damaged blood vessels from inflammation, peripheral 

vascular disease, and the associated increased risk of arterial spasm. It is also relevant 

that nicotine use is a surgical site infection (SSI) risk factor (National Health and 

Safety Network (NHSN), 2013). Smoking delays primary wound healing and may 

increase the risk of SSI (Mangram et al., 1999), with other studies corroborating 

cigarette smoking as an important SSI risk factor (Jones & Triplett, 1992; 

Nagachinta, Stephens, Reitz, & Polk, 1987). Surgical patients who currently smoked 

would most likely have a corresponding risk of infection at the insertion sites of their 

ACs, theoretically increasing the risk of catheter failure. 

Skin colour “other” than moderate brown was a significant predictor of 

catheter failure. The colours which were not moderate brown were white, light 

brown, dark brown and deeply pigmented dark. Moderate brown was the most 

common skin type for study participants, n = 64 (52%). Light brown was the next 

most common, with n = 49 (39.8%), and together with white skin accounted for n = 

51 (41.4%) of patients. Dark brown and deeply pigmented skin, together with white 

skin were the least common, with dark brown skin n = 5 (4.1%), deeply pigmented 

skin n = 3 (2.4%), and white skin n = 2 (1.6%). There are six skin types not based on 

skin colour, but on how they react to ultraviolet light. However, these skin types are 

often associated with certain ethnic backgrounds and skin colours (Centres for 

Disease Control (CDC), 2014). Skin texture most likely varies with different skin 
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pigmentation. Of the six skin types, the types that tanned slowly, and never tanned on 

sun exposure have been graded with increasing ratings of sun sensitivity. Such 

sensitive skin was of similar pigmentation to the majority of skin colours where white 

was predominant, composing the predictors for catheter failure. Thus, the qualities of 

“sensitive” skin may be more important than colour in the prediction of catheter 

failure, but this was not measured per se in the study. An audit of IV catheter 

insertions reported patient variables of tough and dark skin that influenced failed IV 

insertion and catheter failure (Jacobsen & Winslow, 2005). The variables of skin type 

and skin colour need to be further studied in the larger trial to find predictors for 

catheter failure. 

Older age was also associated with the increased incidence of catheter failure 

in this study, with every additional older year causing a 4% increased risk. A 

prospective audit of IV catheter complications has previously found advanced age to 

be a predisposing factor for phlebitis, a known cause of catheter failure (Martinez et 

al., 1994; Wallis et al., 2014). Patients of increased age often have fragile, thin skin 

and blood vessels that are difficult to access. When catheters are inserted in these 

older patients, they may be more likely to fail because of the contributing factors of 

chronic illness and vasculopathy, in terms of poor skin quality and damaged 

vasculature (Chinnock, Thornton, & Hendey, 2007). This problem of changing 

vasculature with age is a patient variable which is not affected by the dressing or 

securement of the AC, but requires consideration in future analysis. 
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5.4 Recommendations 

Further research in the form of a larger trial is recommended to definitively 

test the three intervention groups of BPU, SSD and TA and the control group SPU. 

However, some uncertainties and considerations need to be taken into account for the 

larger trial. The generalisability of the results from AC control dressing/securement 

trials could be facilitated by selection of the most widely used product in practice 

settings. At present this is not known on an international level. It is suggested that a 

survey be undertaken to establish evidence regarding usual care dressings for ACs in 

OTs and ICUs in a large number of organisations and geographical locations, rather 

than based on usual care dressings in local use. Nevertheless this was a pragmatic 

decision which facilitated smooth implementation of the study protocol, buy in from 

local stakeholders, and relevance of the results to many institutions in South-East 

Queensland, where the control group approach is common clinical practice. 

The choice of BPU dressing may need additional thoughtful review. The 

product tested in this pilot trial had a 33.5% relative reduction of AC failure 

(approximately twice the SSD) compared with the control, as well as being the most 

cost effective dressing together with TA, compared with the control. Also, rating 

scores for ease of application and removal, and staff/patient satisfaction all indicated 

that the BPU dressing was a feasible option. However, the incidence of two 

accidental removals of ACs in this group suggested a possible lack of suitability of 

this product as a safe method for securement of ACs. The circumstances of accidental 

removal of these devices were not recorded, and no serious effects were reported.  
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However, the potential for the most serious adverse life threatening event of 

haemorrhage existed. In view of this, other BPU dressings need to be assessed in 

comparison with the one used, and a small sub-study would be of benefit. This would 

assist in the selection of the most suitable BPU dressing for the larger trial.  

The trial SSD product was not easy to apply with a longer application time 

than the other interventions. The overall failure rate and the incidence of blockage for 

this device was the highest of the interventions. The positioning of the device for 

radial artery catheter insertion did not allow the patient to have comfortable hand 

movement. As the device adhered to the heel of the hand in a fixed position, it may 

have adversely affected the position of the catheter, perhaps allowing the catheter tip 

to rest on the vessel wall. This situation may have contributed to the risk of blockage. 

The positioning of this device needs to be further assessed, and other AC-dedicated 

SSDs need to be considered in comparison with the trial device, for selection in the 

larger trial.  

It is an important finding that the completely innovative product, TA, was a 

feasible option for securement, with favourable anti-infective properties, the lowest 

incidence and highest absolute reduction of catheter failure, and was well liked by 

staff and patients. It was also considered a cost effective option. It is proposed that 

TA would have the possibility of being a popular, safe choice to secure ACs free of 

sutures, while preventing complications and infections in ACs (O'Grady et al., 2011; 

O'Horo et al., 2014; Yamamoto et al., 2002)  

Selection of optimal group sizes for the larger trial needs to be made by 

resolving the discrepancy between the proposed sample sizes provided by traditional 
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power calculations and the economic evaluation. Power calculations showed that a 

future trial would need 61 patients per group to compare failure of 20% in SPU 

controls against 6% in TA patients. To compare SPU controls against 16% failure in 

SSDs would require 983 per group, and SPU controls versus 13% failure in BPU 

dressings would need 589 per group, with 90% power and at p = .05 (two-sided). 

However, the economic evaluation reported expected research benefits exceeded 

expected costs for sample sizes of 50 to 600 in a four arm trial. The rationale for 

group size needs to be decided between the power calculation for the primary 

outcome of catheter failure, or a group size based on an economic composite. It is 

noted that the EVSI method for sample size calculation is a new method, and requires 

validation with further study. 

5.5 Implications for Research 

Further research may now be conducted to test the dressing and securement 

options for peripheral ACs in a large multicentre four-arm trial, based on the results 

of feasibility testing in this pilot study. Sub-studies to find the most generalisable 

control dressing, and the most suitable BPU dressing and SSD, should be performed 

to provide data to provide evidence-based choices for the most appropriate products 

to be tested in the same model of four groups in the larger trial. 

5.6 Limitations 

This pilot trial fulfilled its objective of assessing feasibility for a larger trial, 

but had the limiting although intentional factor of being underpowered to test 

statistical difference in the analyses of primary and secondary outcomes. 
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Generalisability of results is also limited in that this was a single site trial, with only 

short-term ACs studied. The effectiveness of the interventions remains unknown in 

longer dwelling ACs.  

Another important limitation is that study focused on ACs inserted by 

anaesthetists in the OT, with the sample restricted to surgical patients with expected 

short-term care in ICU. The patients had lower degrees of severity of illness as shown 

in lower APACHE II scores, than patients with longer stays in ICU, and these 

patients may require different approaches to AC dressing and securement than these 

results can reasonably be inferred to inform. 

In this trial, one research nurse (the student) provided continuity of practice, 

consistency of education, and a thoroughness of follow-up that may not be possible 

with multiple research personnel in a larger, multi-centre trial. This limitation may 

have been key to the lack of missing data, and total adherence to the protocol, which 

most likely would not be able to be achieved with multiple research nurses.  

Further studies should be performed with an adequately large number of 

patients to allow statistical testing for differences between groups. Also, the patients 

studied should have varying lengths of ICU stays and AC catheter dwell times, as 

well as different degrees of illness severity and include ACs inserted in the ICU to 

allow ascertainment of generalisability of results to all these sub-groups with ACs. 

5.7 Conclusion 

This chapter has discussed the overall findings of the research. The success of 

the study in answering the research questions has been evaluated. Conclusions, 
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recommendations and implications for research have been presented, and limitations 

described. The data generated support for the feasibility of undertaking a large multi-

centre randomised controlled trial on the study interventions within the context of the 

recommended modifications, and these findings thus succeeded in answering the 

research questions. 
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Chapter 6: Conclusion 

6.1 Introduction 

The purpose of this research was to assess the feasibility of the trial design 

and elements for future extensive study, and to provide evidence of the effectiveness 

of novel dressing/securement technologies to prevent catheter failure in peripheral 

ACs in a larger research setting. To achieve this purpose, several objectives and 

guiding questions were developed and are restated, to clarify this conclusion to study 

presentation, as follows: 

Objectives: 

1. To assess the feasibility of use for the study products. 

2. To assess the feasibility of the research processes, specifically: 

eligibility criteria, recruitment, retention, attrition and protocol 

adherence. 

3. To assess the feasibility of the resources to run a larger trial: required 

time, budget, facilities and scheduling. 

4. To assess the feasibility of management for the research: personnel 

and training needs, coordination, data handling, intervention 

acceptance and satisfaction and ethical considerations. 

5. To assess the feasibility of the scientific aspects of the research 

regarding the delivery and nature of the interventions, safety and 
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efficacy, viability, design, outcome measures, randomisation and 

missing data. 

6. To provide initial estimates of effectiveness and effect size to guide 

sample size calculations that would influence the feasibility of future 

research. 

7. To perform quantitative statistical analyses as a guide to trends and 

feasibility of the proposed data analyses for the larger trial. 

Guiding questions:  

 Question 1. Is it feasible to secure peripheral ACs with BPU, SSD and TA, 

compared with standard care in the OT and ICU in terms of use of study 

products, patient and carer satisfaction, and costs? 

 Question 2. Is the process of the research feasible in terms of recruitment, 

eligibility criteria, retention, and protocol adherence, which would be 

quantified by numbers screened, numbers enrolled, numbers randomised, 

along with rates of retention, adherence and attrition? 

 Question 3. What are the resources required to conduct a large multi-centre 

trial in terms of time, budget, facilities, and scheduling? 

 Question 4. Is the management of the research feasible in terms of personnel 

and training needs, capacity, coordination, data, intervention acceptance and 

satisfaction, as well as human participant issues? 
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 Question 5. Are the scientific aspects of the research feasible in terms of the 

delivery and nature of the intervention, safety and efficacy, viability, design, 

outcome measures, randomisation and missing data? 

 Question 6. How do initial estimates of effect size and preliminary 

quantitative statistical analyses provide a guide to the proposed sample size 

and data analyses in the larger trial? 

A prospective pilot RCT was undertaken, together with assessment of patient 

and staff satisfaction, study of workplace and personnel requirements, and cost 

analysis. These research activities generated new data about the effectiveness of 

novel dressing and securement options for ACs in relation to AC failure. In addition, 

they provided data concerning recruitment, resources, and personnel requirements 

which would determine the feasibility of performing a larger trial. 

6.2 Conclusions  

This research program has successfully addressed the research problem and 

the research questions, with achievement of the research aim and objectives. The pilot 

trial has demonstrated the feasibility of performing a large RCT to further investigate 

the effectiveness of dressings and securement of ACs to prevent AC failure, in the OT 

and ICU. The study has demonstrated that it is feasible to secure ACs with each of 

the types of dressing and securement investigated (BPU, SSD and TA). It is 

important that all options were acceptable but with several uncertainties, and varying 

degrees of acceptability to patients and staff. Each of the tested interventions was at 

least as acceptable as the control. Different intervention combinations have been 
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shown to have varying costs for study in the larger trial. However, even though all 

options may be included with reasonable cost estimates, the most cost effective 

option was a four arm trial of SPU, BPU, SSD, and TA. It is noted that the purchase 

costs of new products per item are presently higher than for current dressings. 

However, with anticipated reductions in the complication of AC failure while using 

the latest technologies for dressing and securement, more widespread usage would 

increase the overall cost effectiveness due to lower costs per item, and reduced 

hospital costs for patients, with fewer complications. 

Eligibility criteria, recruitment processes, protocol delivery and data analyses 

were all assessed as feasible. The randomisation procedure was systematic and easy 

to use. It was feasible for staff to carry out the trial procedures, and educational 

activities were achievable. Attrition was considered acceptable when projected to the 

larger trial. With recruitment completed over an acceptable eight month period by one 

research nurse, it will be possible to calculate the research nurse requirement for the 

larger study, when the optimal group sizes have been selected. A robust protocol was 

evidenced by total adherence to the protocol, with no recorded violations. 

Descriptive, inferential and survival analyses provided statistical information of 

primary and secondary outcomes, as required for analyses in the larger trial. Initial 

estimates of effect size provided a preliminary quantitative statistical analysis to 

guide proposed sample size for the larger trial, with a resolution required between 

traditional power calculation and economic evaluation estimation to establish the 

most appropriate group sizes. 
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  This detailed research study makes an original contribution to knowledge by 

providing initial information on the effectiveness of the tested novel technologies to 

secure ACs, together with a thorough investigation of research methods to verify the 

feasibility of future extensive use of these products in proposed multi-site randomised 

testing, with modifications as recommended, in follow-up studies. Such initial 

research about the use of new dressing and securement technologies will decrease the 

risk of novel therapies being included in practice with minimal evidence. It is 

acknowledged that more work needs to be undertaken to achieve a better 

understanding of AC failure in relation to dressing and securement types, in order to 

determine the most useful and cost effective choices to optimise the care and comfort 

of patients.  

6.3 Summary 

This chapter has provided the conclusion of the research study undertaken on 

dressings and securement of peripheral ACs to test the feasibility of future extensive 

study on the topic. The objectives and guiding questions for the pilot trial have been 

restated as a reference point for the closing comments. The success of the research 

has been evaluated, and conclusions have been made. 
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Appendix A 
Bedside Protocol 
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Appendix B 

Bedside Nurses’ Data Collection Tool 

 

 

 

Patient 

Label  

 

     

SAVE 

        Arterial Line Dressing Pilot Trial 

Securing Arterial and Venous Lines Effectively  

Group: A   B   C   D     

Dressing: Tegaderm (under/over);  Tegaderm Advanced;  StatLock;  Histoacryl                                           

Study No: RBWH -      

Has the dressing been replaced or added 

to in ICU? 

 

YES / NO 

 

If YES: 

 

1. Please describe the change using 

the supplied or other products.  

 

2. Reason(s)?  

 

Date Time Dressing 

Action 

Reason 

  

 

 

 

 

 

 

 

 

 

Please record arterial catheter removal:  

 Date:____________ 

 Time:____________  

 Circle reason(s) for removal   

 

Completed therapy / blocked /   

 

painful / leaking / local infection /  

 

monitoring failure / other (please specify): 

 

Please circle the degree of difficulty for 

the dressing removal. 

 

 

 

Adverse skin effects? Yes/No  

Describe: 

 

0…1…2…3…4…5…6…7…8…9…10 

very                                                  very                                         

difficult                                            easy     

We welcome your comments:                                 

Please circle your patient’s satisfaction 

rating for the dressing removal. 

 

0…1…2…3…4…5…6…7…8…9…10 

completely                             completely                                                     

dissatisfied                             satisfied                                                  

THANK YOU!  
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Appendix C 

Bedside Data Entry Sheet 

 
DATA COLLECTION TOOL 

 

 

 

 

 

 

 PATIENT RECRUITMENT  

Hospital admission date  

Current location?   

Dominant side?  

Diagnosis   

Surgical type?  

Co-morbidities : MI, CCF, PVD, CVA, Rheumatic 

Disease, Liver Disease – mild or mod to severe, 

Diabetes, Renal Disease, Peptic Ulcer Disease 

 

Current smoker?  

Smoked within the last 5 years?  

Absolute leucocyte count (WBC)?  

Current Infections?   

Does the patient currently have a wound, drain or 

stoma? 

 

Antimicrobial therapy?  

Corticosteroid therapy? 

 

DEVICE  

Site  

Date/time inserted  

Inserted by consultant, senior registrar, or registrar?  

Did they wear gloves? Sterile or non-sterile?  

Wearing a mask?  

Skin Preparation?  

Catheter Type/Size/Gauge?  

Is there extension tubing attached?  

How many taps?  

Person applying – ease of application? 

0…..1…..2…..3…..4…..5…..6….7….8…..9…..10  

Very difficult                                            Very easy                                                             

 

Time taken for product application (seconds)?  

DAILY CHECK  

Is original device present?  

 

 Patient Label 
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What is it secured with?  

How many times dressing/securement changed?  

DEVICE OUTCOMES  

Date and time device removed?  

Why device removed (completed therapy, blocked, 

painful, leaking, local infection, other)? 

 

When study product removed was there 

residue/rash/blisters/itchiness/skin tears/other? 

 

Pain from site? 

0…..1…..2…..3…..4…..5…..6….7….8…..9…..10 

No pain                                                  Very painful 

 

Tenderness? 

0…..1…..2…..3…..4…..5…..6….7….8…..9…..10 

No tenderness                                         Very tender 

 

Erythema/swelling (should be measured from entry 

point with a ruler and scored: none, < 1 cm,  > 1 cm but  

<  2.5 cm,  >  2.5 cm but  <  5 cm,  >  5 cm 

 

Leakage? – Y/N  

Purulence?  □ From site    □  With ulceration 

                    □ None           Comments? 

 

Patient satisfaction with study product? 

0…..1…..2…..3…..4…..5…..6….7….8…..9…..10  

Very dissatisfied                      Completely satisfied                           

                                                                                  

 

How many times blood taken from device? 

(Auslab) 

 

Did patient receive mechanical ventilation?  

At time of removal:  Cognitive/Delirium Scores 

Vas pain score 0 to 10  

Richmond agitation score RASS -5 to 4 

Ramsay sedation score 1 to 6 

Glasgow coma score 3 to 15 

 

Patient’s best mobility (independent, assisted, turned in 

bed independently, unable to mobilise, bed bound)? 

 

PATIENT OUTCOMES: 48 hours post removal  

Was catheter tip sent for culture? Positive?  

Was the patient alive 48 hours post device removal?  

Serious Adverse Event (SAE)? Date/time?  
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Appendix D 

Griffith University Ethics Approval 
 

         GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE 

 

                                                              12-Jan-2012 

 

 

Dear Professor Rickard 

 

I write further to the additional information provided in relation to the 

conditional approval granted to your application for ethical clearance for 

your project ‘PRIOR REVIEW: Securing Arterial and Venous Devices Effectively 

in Hospitals: The SAVE trial’ (GU Ref No: NRS/46/11/HREC). 

 

This is to confirm receipt of the remaining required information, assurances 

or amendments to this protocol. 

 

 

 

Consequently, I reconfirm my earlier advice that you are authorised to 

immediately commence this research on this basis. 

 

The standard conditions of approval attached to our previous correspondence 

about this protocol continue to apply. 

 

Regards 

 

 

 

Chris Rose’Meyer 

Policy Officer, Research Ethics and Governance 

Office for Research 

G39 3.56 Gold Coast Campus 

Griffith University 

ph: +61 (0)7 5552 7227 

fax: +61 (0)7 5552 9058 

email: c.rosemeyer@griffith.edu.au 

web:  

 

Cc:  

 

At this time all researchers are reminded that the Griffith University Code 

for the Responsible Conduct of Research provides guidance to researchers in 

areas such as conflict of interest, authorship, storage of data, & the 

training of research students. 

You can find further information, resources and a link to the University’s 

Code by visiting 

http://www62.gu.edu.au/policylibrary.nsf/xupdatemonth/e7852d226231d2b44a2575

0c0062f457?opendocument 

PRIVILEGED, PRIVATE AND CONFIDENTIAL 

This email and any files transmitted with it are intended solely for the use 

of the addressee(s) and may contain information which is confidential or 

privileged. If you receive this email and you are not the addressee(s) [or 

responsible for delivery of the email to the addressee(s)], please disregard 

the contents of the email, delete the email and notify the author 

immediately 
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Appendix E 

Site Specific Approval (SSA) 
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Appendix F 
Queensland Civil and Administrative Tribunal Approval 
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Appendix G 
Participant Information Sheet 

 

The SAVE Trial     
Securing Arterial and Venous devices Effectively  

in hospitals: The SAVE Trial. 

 

PARTICIPANT INFORMATION SHEET 

                   

 

 

 

(Royal Brisbane and Women’s Hospital Principal Researcher/s: Heather Reynolds 

Royal Brisbane and Women’s Hospital Research Nurses: Heather Reynolds 

Chief Investigator: Professor Claire Rickard, Griffith University 

 

 

This information sheet has been provided to you to allow you to give fully informed consent. 

You should keep a copy of this sheet for your future reference. 

 

Description of Research Study 
Most hospital patients need an intravascular device (also called ‘IV drip’) as part of their 

medical treatment. These are small plastic tubes which are placed in a vein or artery to 

administer fluid, nutrients, medicines, blood products, take blood tests, and to monitor blood 

pressure. 

 

IV drip insertion is the most common invasive procedure performed in hospitals with 

approximately 14 million used in Australia each year. IV drips often fail by getting blocked, 

inflamed, infected or moving out of the vein/artery. This affects up to 40% of patients. Such 

failure probably happens because the IV drips are not well enough secured to the skin and we 

think this should be mostly preventable. Currently hospitals spend millions of dollars spent 

on dressings to secure IV drips to the skin. Nurses and doctors spend countless hours 

applying them. Current failure rates indicate current dressings are inadequate.  

 

New research suggests better results with new generation plastic dressings, or with sutureless 

securement devices, but these have not been well tested. In addition, we have identified a 

new novel approach to IV drip securement: tissue adhesive (medical grade ‘superglue’) 

which has been government approved for use on wounds and is commonly used for that 

purpose. 

 

 Royal Brisbane and Women’s Hospital  
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This study will test the effectiveness of four dressings for IV drips.  These include tissue 

adhesive and two new commercial dressings compared against current plastic dressings.  We 

are doing this research study to find out the best practice for dressing IV drips.  To do this, 

we need to study large numbers of people, more than have been included in previous 

research, and closely monitor their IV drips. 
Why you have been chosen 
You are invited to participate in this important study because your doctor/nurse believes that 

you will have an IV drip for more than 24 hours. 

What we will ask you to do 

a) You will be allocated, by a random (chance) selection process, to one of the following 

dressings  to secure your IV drip: 

 Tissue adhesive (medical ‘superglue’) 

 Bordered polyurethane dressing (soft plastic dressing with cotton edging) 

 Sutureless securement device (firm plastic bridge over the IV drip plus soft plastic 

dressing) 

 Usual care (Standard polyethylene soft plastic dressing)     

b) All IV drips that you have during this hospital visit may be secured using the same 

protocol. 

c) Information about your IV drip and medical condition, including infection results, will 

be recorded from your hospital chart by a research nurse or assistant  

d) After your IV drip is no longer needed, it may be examined in the research laboratory 

for signs of infection risk 

e) For some patients we will gently swab your skin around the IV drip, with a cotton 

tipped swab, just prior to removal, to measure the effects of dressings on skin bacteria. 

We will tell you if we would like to include you in this sub-study 

f) You are also asked to consider allowing the collected information to be kept in an 

anonymous manner for other research into infection control and IV drips that may 

occur in the future 

Risks to you 
Three of the IV drip dressings for use in this study are already used in some hospitals. The 

fourth, tissue adhesive, is fully licensed and approved by the government (TGA) for use in 

human wounds with no safety concerns.  Although the product is not currently used routinely 

to secure intravascular devices, small previous studies have suggested it is very good for this 

use and that it is safe for use in the small wounds caused by an IV device. There is currently 

no evidence that any of the study dressings have a higher risk of infection or other 

complications for you but we need to do this large study to find out if this is the case. All 

patients will be monitored closely as usual, and will have immediate treatment if any 

complications occur. Some patients in the study will be asked to have a painless skin swab 

just prior to IV drip removal but otherwise there will be no extra treatment or tests because of 

the study. 
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Benefits to you 

We do not expect you to get any direct benefit by participating in the study. We do think that 

your participation will benefit patients, nurses, doctors and hospitals in the future, and you 

may feel satisfaction at your contribution to improving healthcare through research. You will 

be able to receive a report on the results of the research study by ticking the box on this form.  

Confidentiality 

Data collected during this study will be treated confidentially. The research nurse and 

assistants will store your data using a unique research number. The information will be safely 

stored at the hospital and Griffith University. Combined patient results of this study will be 

presented in scientific journals and conferences. However, you will not be referred to by 

name and your personal identity will not be revealed in any publication or presentation. 

Research records will be destroyed 15 years after the study. 

 

Choosing to participate or not 

Your participation is entirely voluntary and if you decide not to participate this will not affect 

your medical care, or treatment by hospital staff in any way. If you choose to participate, you 

are free to withdraw your consent and to discontinue participation later, by telling the 

research nurse. A decision not to participate or to withdraw your participation will not affect 

your treatment in any way. 

 

If you have any questions 

If you have any questions now, or at a later time, we hope and expect that you will ask us. 

Please contact Heather Reynolds, and we will be happy to answer your questions. Contact 

details are at the top of the form or ask the ward nurses/receptionist to contact us. 

 

Other issues 

This document in no way limits your rights at law from any damage that might arise from 

negligence on the part of investigators. 

 

You should keep a copy of this form 

 

This information has been provided to allow you to give informed consent. 

 

This study has been reviewed and approved by the Qld Children’s Health Services (RCH) 

Human Research Ethics Committee which was designated by the Queensland Health Office 

of Health and Medical Research for this multi-site study. Should you wish to discuss the 

study with someone not directly involved, in particular in relation to matters concerning 

policies, information about the conduct of the study or your rights as a participant, or should 

you wish to make an independent complaint, please contact the Secretary or Chairperson of 

the Qld Children’s Health Services (RCH) Human Research Ethics Committee, Prof John 

Pearn. 
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Appendix H 

Consent Form 

 

The SAVE Trial     

Securing Arterial and Venous devices Effectively  

in hospitals: The SAVE Trial. 

 

PARTICIPANT CONSENT FORM 

                   

 

Thank you for agreeing to participate in this important research study. Although you may not 

benefit personally, you will help provide valuable information to help us to deliver safe and 

effective care. 

I have had the contents of this information sheet explained to me and I have been 

provided with a copy. I agree to be enrolled in the project and understand that this will 

involve having my intravascular device (IV drip) secured with one of the four dressings 

as outlined on the information sheet.  I agree that my IV drip/s may be examined in the 

research laboratory once they are no longer needed for my treatment, as well as skin 

swabs (if taken). 

Please read the following carefully, and sign below if you agree with these statements and are 

happy to participate in the study 

 

1. I have read and understood the information sheet and this consent form.  

2. I have had the opportunity to ask questions about the study and these have been answered 

to my satisfaction. 

3. I understand that this project is for research and that I may not benefit directly. 

4. I have been informed that the information collected about me in this study will remain 

confidential and will be adequately safeguarded, and that when results are published, they 

will be presented in such a way that I cannot be identified. 

 Royal Brisbane and Women’s Hospital 
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5. I understand that if I do participate, I am free to withdraw my consent and to discontinue 

participation at any time without comment, and with no effect on my treatment or my 

relations with the Hospital in any way, but that I do need to tell the research staff if I wish 

to withdraw. 

6. If I have any questions or comments about the study at any time I am free to contact 

Heather Reynolds 04 3886 9594 and the study nurses. 

7. If I have any complaints about the ethical conduct of the study, I may direct these to the, 

the Secretary or Chairperson Dr John Pearn Qld Children’s Health Services (RCH) 

Human Research Ethics Committee, on (07) 3365 5323. 

I agree to participate in the study and I give permission for authorised study personnel to 

extract details that pertain to this study from my hospital medical record. 

I also agree for the information and IV drip/s collected to be kept in an anonymous format 

for future research studies by the investigators on infection control topics: Yes No 

I would like a copy of the research results to be sent to me at the end of the trial:   Yes 

No  

Email/address for report to be sent:………………………………………………………… 

 

Name:……………………………………Signature…………………………..Date:__/__/__ 

Witness: .................................................... Signature…………………………..Date:__/__/__ 

Enrolled by.............................................. Signature…………………………..Date:__/__/__ 
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Appendix I  
Revocation of Consent Form 

 

The SAVE Trial     
Securing Arterial and Venous devices Effectively  

in hospitals: The SAVE Trial. 
 

 
 

Royal Brisbane Hospital 
 

REVOCATION OF CONSENT FORM 

 

(To be used for participants who wish to withdraw from the project.) 

 

Full Project Title: The SAVE Trial: Securing Arterial and Venous devices 

Effectively in hospitals.  

 

 

I hereby wish to WITHDRAW my consent to participate in the research proposal 

described above and understand that such withdrawal WILL NOT jeopardise any 

treatment or my relationship with Royal Brisbane and Women’s Hospital. 

 

 

 

Participant’s Name (printed) ……………………………………………………. 

 

Signature                            Date 

Please send to: 

Heather Reynolds, 

Clinical Nurse (Research Assistant), 

Department of Anaesthesia and Periooperative Medicine, 

Level 4 Ned Hanlon Building, 

Royal Brisbane and Women’s Hospital, 

Herston. Q. 2029. 


