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Abstract  

Background 

Needleless connectors (NCs) are medical devices which connect to the end of 

vascular access devices. Since their introduction in the 1990s, in response to the 

increasing incidence of needle stick injuries experienced by nurses, they have become 

standard equipment for accessing venous access devices. The central venous access 

device (CVAD) is a specialised vascular device placed into a large vein leading to the 

heart for the administration of intravenous fluids, medications, blood products and 

specialised treatments. While NCs significantly reduced the occurrence of needle stick 

injuries, they also contributed to a rise in catheter-associated bloodstream infections 

(CABSI). This is largely due to inadequate cleaning and decontamination of 

microorganisms from the external surface of the NC by nurses prior to use. Over 1,000 

cases of CABSI are reported in Australia annually. A CABSI can have a significant 

impact on patient morbidity and mortality, contributing to extended hospitalisation and 

affecting long-term health and lifestyle. Current research into NC decontamination 

practices is generally of low quality and indicates that current approaches remain 

ineffective, particularly in clinically vulnerable patients and those requiring long-term 

CVAD use.  

Aim 

The overarching aim of this project was to investigate the role of NC 

decontamination products in preventing CABSI and to assess the feasibility of conducting 

a superiority randomised controlled trial (RCT). 

Methods 

This research was underpinned by the United Kingdom Medical Research Council 

Framework for Developing and Evaluating Complex Interventions and Casadevall and 

Pirofski’s Damage-Response Framework of Microbial Pathogenesis and Infectious 

Diseases. This research was conducted in two phases: an in vitro study and a pilot RCT. 

A systematic review and meta-analysis were undertaken to inform the two research 

phases.  

In Phase One, the in vitro study compared three decontamination products (70% 

alcohol wipe; 2% chlorhexidine in 70% alcohol wipe; and a 70% alcohol-impregnated 
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cap) for comparative efficacy. Six hundred and forty-eight NCs were used in the 

experiments consisting of three different types of NC designs, plus a contaminated and 

uncontaminated control. The connectors were contaminated with microorganisms 

commonly associated with CABSI, specifically Staphylococcus aureus, Staphylococcus 

epidermidis, Pseudomonas aeruginosa and Candida albicans. Half of the NCs were pre-

treated with human serum to mimic real-life use of the connector. 

In Phase Two, a pilot RCT was undertaken to assess the feasibility of a large, 

multi-site superiority trial comparing the same three decontamination products used in 

the in vitro phase. Recruitment for this pilot RCT occurred from 31 August 2017 to 8 

March 2018. Participants were recruited from the surgical (general elective, emergency, 

vascular and orthopaedic), oncology (medical, surgical, haematological) and general 

medical units of RBWH. Elective surgical patients made up the largest cohort. 

Orthopaedic, medical oncology, and general medical patients were the least likely to be 

recruited. Overall, the average rate of recruitment across all admission types was 10 

participants per month (range 1–17). Patients with a current bloodstream infection were 

excluded. The primary outcomes of feasibility were defined as: > 80% of patients 

screened were eligible; > 80% of eligible participants agreed to enrol; > 80% of 

participants in the study groups received their allocated treatment; < 5% of participants 

were lost to follow-up; there was < 5% missing outcome data. Based on these feasibility 

criteria, the hypothetical conclusions would be interpreted as: (i) all criteria will be met 

and trial is feasible without modification; (ii) one criterion not be met and trial is feasible 

with close monitoring; (iii) two or three criteria not be met and trial is feasible with 

modification; (iv) four or more criteria not be met and trial is not feasible. Secondary 

outcomes were rates of CABSI and microbial colonisation of the internal surface of NCs 

following removal of the CVAD. 

Results 

Results of the in vitro study  

The 2% chlorhexidine in 70% alcohol wipe resulted in a greater reduction of 

microorganisms than either the 70% alcohol wipe (t(70) = 74.32, p < 0.01) or the alcohol-

impregnated cap (t(70) = 28.25, p < 0.01). The alcohol-impregnated cap was more 

effective than the alcohol wipe (t(70) = 5.01, p < 0.01). In the presence of human serum, 

all three products were effective in reducing colony counts of microorganisms, with the 
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difference between the 2% chlorhexidine in 70% alcohol wipe and the other two products 

remaining statistically significant.  

Results of the pilot randomised controlled trial 

Two of the feasibility criteria were not met; therefore, it was decided that a 

superiority RCT would be feasible to proceed with modification. For the primary 

predefined feasibility outcomes, 152 patients were screened for eligibility, 53 were 

excluded; therefore, 99 patients were eligible for inclusion in the study. This proportion 

(72%) did not meet the feasibility criteria of 80% eligible for recruitment. Of the 99 

patients eligible to participate, 91 patients were recruited; therefore, this criterion was 

met, with 92% of eligible patients recruited. Over the course of the study, 239 protocol 

checks were conducted on 74 of the 90 participants of which 78% were compliant. Hence, 

the criteria that > 80% of participants would receive their allocated treatment was not met. 

No participants were lost to follow-up and there was no missing outcome data, so both of 

these criteria were met. Five patients had blood cultures collected during the study; none 

were diagnosed as CABSI. Of the 12 NC’s assessed for microbial growth, all were 

contaminated.  

Discussion 

In the in vitro study the 2% chlorhexidine in 70% alcohol wipe out-performed the 

other products for NC decontamination. The pilot RCT established feasibility of the larger 

superiority trial, with modifications. It is recommended that to address the two unmet 

criteria a superiority multisite RCT may be needed to increase the proportion of 

potentially eligible participants. Recruitment should focus on the patient admission types 

of elective, emergency and oncology surgery, and haematology. Outpatients related to 

these groups should also be included. Trial fidelity may be enhanced through the adoption 

of a minimum of second daily checks and implementation of strategies such as bedside 

information indicating allocated treatment and increased engagement with clinical staff. 

Although no CABSI was recorded during the pilot RCT, secondary outcomes suggest that 

microbial colonisation of the internal surface of the NC may occur despite current 

decontamination practices which, coupled with extended CVAD dwell time, may 

contribute to infection. Follow-up of CVAD dwell time would facilitate quantification of 

rates of CABSI per 1,000 catheter days.  
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Overall, the results of this doctoral research suggest that the 2% chlorhexidine in 

70% alcohol wipe may be the most effective approach to NC decontamination. However, 

further factors may impact its clinical efficacy to prevent CABSI, such as a 30-second 

duration of active decontamination, which may be difficult to achieve in practice. Neither 

are the results of in vitro research directly translatable to practice. This emphasises the 

need for a fully powered RCT to directly compare NC decontamination products and 

practice issues such as decontamination and drying times to determine the most effective 

approach. The pilot RCT detailed the protocol and design modifications required to 

optimise recruitment and trial fidelity to undertake such research. 

Conclusion 

This doctoral research has demonstrated the possibility of effective NC 

decontamination for CVADs and the need for, and feasibility of, further research to 

provide high-level evidence on the most efficacious and cost-effective product for NC 

decontamination. The resulting reduction in the occurrence of CABSI would have a 

significant impact on patient outcomes, patient quality of life, and healthcare-related 

costs.  
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Glossary 

Active 

decontamination 

The process by which the needleless connector is 

decontaminated with a prep pad by rotating the prep pad in a 

circular motion on the outer surface of the needleless connector 

where it will be accessed. 

Colonisation Colonisation refers to the microbial growth found on the 

internal surface of the vascular access device. Colonisation is a 

precursor to CABSI; however, colonisation may not lead to a 

BSI. It is difficult to determine how colonisation progresses to 

CABSI; it could possibly be due to the build-up of micro-

organisms in the VAD, but this is unclear. 

Colony forming 

units 

Used to determine the number of viable micro-organism cells in 

a sample per mL. Hence, it tells the degree of contamination in 

a sample. 

Differential time to 

positivity 

The difference in the time it takes for a blood culture drawn 

through a central catheter and a culture drawn from a peripheral 

vein to become positive. 

Hub The end of the central venous access device that connects to the 

intravenous administration set or a needleless connector. 

Needleless 

connector 

A needle-free device placed on the catheter hub and on the 

intravenous fluid set. Can be used to attach intravenous 

administration sets without the use of needles and to draw blood 

for testing. 

Passive 

decontamination 

The process of decontaminating the external surface with an 

alcohol-impregnated cap that remains on the needleless 

connector until the healthcare worker is required to access the 

needleless connector. 

Sepsis A potentially fatal whole-body inflammation caused by severe 

infection. 
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Chapter 1. Introduction 

Introduction to needleless connectors 

Needleless connectors (NC) are medical devices that are routinely attached to intravenous 

(IV) catheters, such as central venous access devices (CVAD). This doctoral research was 

undertaken to investigate the role of NC decontamination products in preventing catheter-

associated bloodstream infection (CABSI), and to assess the feasibility of conducting a 

superiority randomised controlled trial (RCT). The chapter presents the NC function in 

association with a CVAD, contributing structural and design factors of NC, relevant 

pathogenesis theory, the role of NC decontamination in preventing CABSI and reducing 

the risk of disease, and the recommendations of current infection control guidelines. 

Finally, the chapter outlines the aim and objectives, significance, research design and 

research questions, and defines terms used in this PhD thesis. 

This research focused on NCs connected to CVADs due to their unique 

characteristics and clinical challenges. CVADs are small flexible tubes generally inserted 

into the veins in the neck, groin or upper arm to enable catheter access for infusion of IV 

fluids and medications, and blood sample collection (Curran, 2016). CVADs are often 

used for administration of medications that would irritate the narrower peripheral veins 

or when therapy requires longer timeframes, ranging from weeks to months. CVADs are 

generally used to support administration of vesicant or irritant medications, such as during 

cancer or critical illness. In order to administer these therapies via CVADs, devices must 

be connected to syringes and IV administration sets. These connections are accomplished 

by accessing the NC, which is primarily a nursing intervention. This procedure is carried 

out numerous times per day in hospitals and health systems around the world (Moureau 

& Flynn, 2015). 

Prior to the introduction of NCs in the late 1990s, IV administration sets were 

connected to CVADs using needles through a rubber stopper or directly to the catheter 

hub. The rubber stopper aimed to prevent leakage from the port and inhibit air and 

microorganisms from entering the CVAD. Medication administration and blood sample 

collection required either opening the CVAD hub or inserting a needle to pierce the 

rubber/latex injection access port of the CVAD (Rosenthal, 2020). This method not only 

posed an infection risk by potentially opening the CVAD system to external 

contamination, but it also posed a significant risk of needle stick injuries to healthcare 
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workers, with associated risks of acquiring blood-borne diseases such as hepatitis 

(Panlilio et al., 2004; Rosenthal, 2020). Following a revision of the United States (US) 

Occupational Safety and Health Administration (2001) standards for management of 

blood pathogens, the first designs of NC systems were more widely introduced to address 

the issues of needle stick injuries to healthcare providers. While the use of NCs provided 

a closed system (i.e. removed the need to open or uncap the CVAD port), they also did 

much to reduce the incidence of needle stick injuries. Following the introduction of NCs, 

a number of studies and reviews suggested they were associated with an increase in 

bloodstream infections (BSI), particularly in patients with CVADs (Cookson et al., 1998; 

Murphy & Resnik, 2006; Russo, Harrington, & Spelman, 1999). Studies at the time 

suggested contamination of the external surface of the NC and ineffective 

decontamination contributed to the increased incidence (Menyhay & Maki, 2006). In 

some specific populations, such as paediatrics, the rates of BSI were noted to have 

increased by up to 80% (Kellerman et al., 1995). It was also noted that variations in the 

management and decontamination of the NC influenced the rate of increased BSI 

associated with early NC devices (Cookson et al., 1998).  

Needleless connectors work by providing a septum that acts as a link between the 

CVAD and the syringe or IV administration set. Pressure from the Luer end of either the 

syringe or IV administration set enables the Luer tip to enter the NC septum directly or 

depress a plunger mounted within the septum to allow fluid and medication 

administration or blood aspiration (Curran, 2016). Essentially, the NC is a housing for a 

mechanism that enables repeated access to the CVAD while providing a potential barrier 

to environmental organisms, air entry, and fluid leakage.  

Needleless connector technology has developed from a simple device to advanced 

designs and componentry over the past 25 years, making it a vital contemporary conduit 

between the intravascular access system and CVADs. Depending on the NC function 

manufacturers generally describe the mechanical valves within the NC as either negative, 

neutral or positive with respect to the fluid displacement within the NC once the Luer tip 

is inserted or withdrawn (Rosenthal, 2020). Conceptually, in negative displacement 

valves the removal of the Luer tip and the subsequent movement in the closure of the 

valve causes fluid, which may include serum, to reflux back into the NC housing (Figure 

1). This may consequently provide a suitable medium for the growth of organisms. 

Positive displacement valves endeavour to provide for some fluid to remain in the device 

that, upon disconnection, is pushed into the valve housing to flush out any blood and 
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prevent reflux (Figure 2). This would then minimise the presence of serum as a growth 

medium.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Negative displacement (1a) inactivated; (1b) activated. 

(used with permission Becton, Dickinson and Company) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Positive displacement (1a) inactivated; (1b) activated.  

(used with permission Becton, Dickinson and Company) 
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Neutral displacement NCs attempt through internal design to limit the degree of 

reflux but may still allow some movement of fluid back into the NC (Figure 3) (Curran, 

2016; Hull, Moureau, & Sengupta, 2018; Rosenthal, 2020). In a systematic review and 

meta-analysis of seven pre-test/post-test studies comparing BSI rates in positive, 

negative, and neutral pressure NC designs, the authors commented that overall design 

issues such as the complexity of internal mechanisms was a greater issue in rates of BSI 

rather than features such as specific pressure gradients after NC use (Tabak, Jarvis, Sun, 

Crosby, & Johannes, 2014).  

 

Figure 3: Neutral displacement (3a) inactivated; (3b) activated 

(used with permission L. Hadaway) 

Needleless connector contamination 

Components of the NC vulnerable to contamination  

The various components involved in the structure of NCs contribute to the risk of 

bloodstream infections through facilitating the development of microbial colonies with a 

biofilm within the internal mechanism and housing (Tabak et al., 2014). The external 

septum and seal can provide surfaces and spaces for contamination from organisms 

derived from the patient’s skin, clothing, or surrounding environment (Figure 4). This 
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provides a potential pathway for pathogens to enter the internal mechanism of the NC 

when a syringe of infusion is connected via the septum to the fluid pathway (Jarvis, 2010; 

Seymour, Dhallu, Mos, Tebb, & Elliot, 2000). While the internal function of the NC is 

designed to seal off to the external septum once the Luer tip is disconnected and minimise 

the reflux of fluid back into the NC, this can involve a complex un-clamping mechanism 

that creates dead spaces within the fluid pathway. Serum and other nutrient material may 

collect in these spaces providing a medium to support the growth of contaminating 

organisms (Jarvis, 2010). Flushing a NC prior to and after access with solutions such as 

0.9% sodium chloride is frequently done to remove blood and/or infusate. The dead 

spaces within the NC mechanism can reduce the effectiveness of flushing and facilitate 

the retention of nutrient material and colonisation of pathogens (Jarvis, 2010). Visibility 

of the internal mechanism is important to allow the clinician to visualise the effectiveness 

of the flushing process (Jarvis, 2010; Tabak et al., 2014).  

  

Figure 4: External surface of a needleless connector (negative displacement). 

The role of the NC in CVAD contamination  

The two most common causes of CABSI are (1) colonisation of the outer surface 

of the catheter during or after insertion (extraluminal contamination) by bacteria 

originating from the skin, and (2) colonisation of the inner surface of the catheter through 

contamination of the hub or NC (intraluminal contamination) (Crump & Collignon, 2000; 

O'Grady et al., 2011). Early studies suggest that extraluminal colonisation of the catheter 

may be the main source of infection in days immediately following CVAD insertion (≤ 

10 days), with intraluminal contamination responsible for CABSI in longer term devices 

(> 10 days) (Cheesbrough, Finch, & Burden, 1986; Raad et al., 1993). These studies 
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largely predate the introduction of NCs; however, the research continues to be cited in 

relatively more recent discussions of NC factors that may contribute to CABSI (Safdar & 

Maki, 2004; Tatsuno et al., 2019). Infection may also occur less commonly from 

contaminated infusate or from bacteria being spread through the blood from another part 

of the body (O'Grady et al., 2011).  

The CVAD, along with the NC, is generally considered a ‘closed system’ that 

functions to prevent infection compared to more open stopcock designs where the 

protective cap is removed to provide open access to the CVAD (Rosenthal, 2020). The 

NC may nonetheless present a portal of entry for microorganisms from patients’ skin, 

contact with the surrounding environment, the skin of attending clinicians, or microbes 

present on the external surface of the NC (Curran, 2016). Intraluminal contamination of 

the NC occurs when microorganisms migrate from the external surface to the internal 

mechanism as the NC is accessed. Studies have confirmed correlation between organisms 

isolated from the external surface with those contributing to internal NC colonisation 

(Chernecky, 2014; Sitges‐Serra et al., 1984). An early laboratory study by Menyhay and 

Maki (2006) demonstrated the significant potential for transmission of organisms from 

the external to the internal surface of the NC. In this study, 20 of 30 NCs (67%) with the 

external surface contaminated with Enterococcus faecalis followed by decontamination 

with 70% alcohol had high levels of internal surface contamination (Menyhay & Maki, 

2006). Studies have shown high levels of CVAD/internal NC bacterial contamination 

(38%–44%) correlating with confirmed cases of CABSI (Hankins et al., 2019; Holroyd, 

Vasilopoulos, Rice, Rand, & Fahy, 2017).  

Furthermore, while CVAD catheter tip colonisation that correlates with types of 

microorganisms cultured from blood is commonly used to diagnose and differentiate 

CABSI from other BSIs (Vergidis & Patel, 2012), the colonisation of pathogenic 

organisms from the internal surface of NCs has also been shown to correlate with a 

diagnosis of CABSI confirmed by catheter-tip growth (Pérez-Granda, Guembe, Cruces, 

Barrio, & Bouza, 2015). The study by Pérez-Granda et al. (2015) of CVADs (n = 82) that 

had been in situ for at least seven days correlated skin, internal NC, and catheter tip 

colonisation. The findings indicated that skin and NC growth combined demonstrated a 

sensitivity of 80% (95% CI, 56.4–100) for CABSI. Furthermore, the absence of internal 

NC growth had a 100% (95% CI, 98.7–100) negative predictive value for CABSI. This 

indicates that NC contamination may be a significant factor in the development of 
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CABSI, which in turn could be moderated through decontamination of the external 

surface of the NC.  

Microbiology of NC contamination  

Contamination and colonisation of the internal surface of the NC from 

microorganisms transmitted from the external surface can predispose to the formation of 

biofilm (Donlan, 2001). Biofilm is a structure of microorganisms contained in an 

extracellular environment of proteins and polysaccharides that adhere to the internal 

surface of medical devices that provide access to the body. Such devices may include 

urinary catheters, wound drains, or vascular access devices such as CVADs or their NC 

(Gominet, Compain, Beloin & Lebeaux, 2017; Spear, 2011). Biofilm creates a protected 

location for organisms to grow and may be composed of single or multiple species of 

bacteria or fungi (Spear, 2011). Further microorganisms can be released from the biofilm, 

causing a BSI (Gominet et al., 2017). Some studies have suggested that the contaminated 

external structure of NCs is a major source for organisms entering the internal 

mechanisms when the NC is actuated, leading to the formation of biofilm (Mathew, 

Gaslin, Dunning, & Ying, 2009).  

A number of organisms have been isolated from the external surface of NCs and 

also from the biofilm adherent to the internal surface of the NC. These organisms include 

Staphylococcus epidermidis (S. epidermidis), Staphylococcus capitis (S. capitis) and 

Staphylococcus aureus (S. aureus) (Perez et al., 2014; Slater et al., 2017). Candida 

albicans (C. albicans) has also been isolated from the NC biofilm structure (Perez et al., 

2014). S. epidermidis and S. capitis belong to the coagulase-negative staphylococci 

(CNS) group of organisms that commonly occur on the skin. CNS organisms are 

opportunistic pathogens that can cause BSI in immune-compromised populations such as 

oncology patients (Humphreys, 2012). In conjunction with S. epidermidis, S. aureus is 

the most common and important microorganism associated with NC biofilm formation 

and BSI (Otto, 2013). The virulence of S. aureus is aided by its ability to form biofilm. 

Unlike S. epidermidis, S. aureus produces extracellular proteins, known as clumping 

factor and bound coagulase, that converts plasma fibrinogen into fibrin and assists in 

attaching to smooth surfaces such as NCs and CVADs (Dickinson et al., 1995; 

Humphreys, 2012). C. albicans is also a common opportunistic organism that can 

independently develop biofilm through the development of an initial substrate, then use 

signalling molecules to promote growth of the biofilm (Nobile & Mitchell, 2006). 
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Biofilms can consist of complex multi-species through a process of coaggregation where 

genetically different bacteria can attach to one another through specific molecules 

(Rickard, Gilbert, High, Kolenbrander, & Handley, 2003).  

The cellular structure of biofilm also renders it resistant to antimicrobial therapy 

(Høiby, Bjarnsholt, Givskov, Molin, & Ciofu, 2010). One of the phases of biofilm that 

contributes to BSI is dispersal; this occurs when the biofilm structure breaks away from 

the formation within the NC, travelling through the CVAD into the host’s circulatory 

system where the microorganisms may cause systemic infections (Raad et al., 2008). 

While biofilm development is ubiquitous in CVADs, not all CVADs result in CABSI, 

which suggests that one contributing factor may be a threshold of biofilm density above 

which detachment occurs (Donlan, 2001). NC decontamination may play a role in 

mitigating the formation and microbial content of biofilm below this threshold.  

Catheter-associated bloodstream infection 

The CVAD and CABSI 

While the NC can be considered the ‘gatekeeper’ for preventing extraluminal 

bacterial access, the CVAD also predisposes the patient to CABSI through biofilm 

formation and initial dispersal of the breakaway organisms (Curran, 2016; Rosenthal, 

2020). In 1929, Dr Werner Forssmann inserted the first CVAD into himself using a small 

urinary catheter. The development of plastics led to the first modern flexible IV catheters 

produced by the Mayo Clinic in 1950 (Millam, 1996), revolutionising medical treatment. 

Peripheral and central venous access is possibly now the most common procedure 

undertaken worldwide. Approximately 2.7 million vascular access devices were used in 

one Australian state in one year (Tuffaha et al., 2018) and more than 15 million CVADs 

are inserted in the USA annually (Beheshti, 2011). Extrapolation globally implies billions 

of similar procedures in healthcare each year.  

Accompanying the increasing necessity of CVADs is the relative potential for 

serious morbidity and mortality from CABSI. If microorganisms are transported through 

the CVAD from the NC biofilm by flushing, medication administration or infusion, the 

potential for infection increases. This is particularly so for CVADs, which are inserted 

into the central vascular system for an extended time period. The positioning of the distal 

end of the CVAD allows for microorganisms to be deposited close to or within major 

blood vessels providing for rapid dispersal. It is estimated that CABSI accounts for 10% 
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to 20% of all hospital-acquired infections and occurs at an average rate of 4.1 per 1000 

catheter days (Gahlot, Nigan, Kumar, Yaday & Anupurba, 2014; Maki, Kluger & Crnich, 

2006). Particular risk factors that may contribute to the development of CABSI are: the 

length of time the catheter is in position; the frequency of blood sampling and injections; 

the administration of total parenteral nutrition; and the catheter insertion site (Green, 

2008). The potential for morbidity and mortality arising from CABSI is such that it is 

used as a quality of care indicator (Montalvo, 2007; Zrelak et al., 2011) in healthcare 

generally.  

Morbidity and mortality related to CABSI 

From 2015 to 2016, 4416 cases of CABSI in acute care areas were reported in 

Australia, with a rate of 11.9 per 10,000 hospitalisations (based on data from metropolitan 

hospitals with > 20,000 and regional hospitals with > 16,000 acute admissions, 

respectively) (Australian Institute of Health and Welfare, 2017). Due to differences in 

state definitions and reporting, rates of CABSI in Australia may be under-reported 

(Mitchell, Shaban, MacBeth, Wood & Russo, 2017). Approximately 250,000 BSIs occur 

annually in the USA, with the majority related to intravascular devices (Fontela et al., 

2012; Haddadin & Regunath, 2017). The Centers for Disease Control and Prevention 

(CDC) reported 24,363 cases of CABSI in acute care in the USA for the year 2015. 

Surveillance and observational studies undertaken in acute and intensive care units (ICU) 

from a range of countries such as Canada, Taiwan, Saudi Arabia, and Oman have 

consistently reported CABSI rates of 3.1–4.3 per 1,000 catheter days with mortality rates 

between 23% and 39%, (Fontela et al., 2012; Lin et al., 2017). A meta-analysis reported 

that the odds ratio for mortality for patients with CABSI was 2.75 (95% CI, 1.86-4.07) 

compared to those without (Ziegler, Pellegrini & Safdar, 2015). Other observational 

studies on CABSI rates outside of ICUs have reported similar rates (24%); however, 

CABSI rates of up to 37% have been reported in immune-compromised and therefore 

more susceptible patients, such as those receiving treatment for haematological 

malignancy (Tedja, Gordon, Fatica & Fraser, 2014).  

In addition to the impact of CABSI on an individual’s quality of life and the risk 

of mortality, these events also result in substantial additions to treatment, inpatient stay, 

and related costs. A single episode of CABSI may have an estimated attributable cost of 

US$45,814 (95% CI, US$30,919–$65,245) from increased length of hospitalisation and 

treatment (Zimlichman et al., 2013). In Austrialia, data suggests that the health eonomic 
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impact of CABSI equates to 16.8 extra days of hospitalisation compared to average and 

an added cost of AUS$38,843 (Australian Institute of Health and Welfare, 2017). 

Multiplying this across rates of CABSI would add billions of dollars to health budgets 

internationally. 

While changes in practices regarding skin disinfection prior to insertion and 

dressing techniques have seen substantial reduction in CABSI in ICUs (Pronovost, 

Watson, Goeschel, Hyzy & Berenholtz, 2016), other studies have not reported significant 

reductions with similar changes in non-ICU areas (O’Neil, Ball, Wood, McMullen, 

Kremer, Jafarzadeh et al., 2016). Furthermore, studies in patients in non-ICU settings, 

where the CVAD may be in place for a longer period, have reported significantly higher 

rates of CABSI and resulting morbidity and mortality compared to ICU patients (Tedja 

et al., 2014).  

Theoretical frameworks of microbial pathogenesis in relation to CABSI 

The Damage-Response Framework proposed by Casadevall and Pirofski (1999, 

2000, 2003; Pirofski & Casadevall, 2018) provides a theoretical model for interaction 

between microorganisms, the host, and the development of systemic disease. The model 

relates to microbial infection generally and is therefore relevant but not specific to the 

process of CABSI acquired via the NC. The framework is based upon three tenets: (1) 

that microbial pathogenesis (disease) is a result of the interaction between the 

microorganism and the host; (2) that damage to the host can result from either the microbe 

or the host (immune) response; and (3) that the health outcome is related to the degree of 

damage to the host (Casadevall and Pirofski, 2003). The model illustrates the range and 

complexity of the host response based upon the class of microorganism and the duration 

of exposure. For example, opportunistic organisms such as S. epidermidis (Class 1) may 

be eliminated by the response of a healthy host and result in no damage, whereas 

organisms such as S. aureus (Class 3) may result in damage independent of the host 

response. Duration of exposure and the ability of the host to mount a response also 

impacts on the degree of damage (Casadevall and Pirofski, 2003).  

Applying the Casadevall and Pirofski model to the role of the NC in CABSI 

suggests that following transmission of the microbes from the external to the internal 

surface of the NC, subsequent formation and dispersal of the biofilm, and initial 

colonisation of the host, an otherwise healthy person may launch an immune response 

and eliminate the microorganisms without medical intervention. If this is not successful, 
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ongoing colonisation of the host occurs. This may lead to the patient exhibiting symptoms 

of disease or suspected CABSI, requiring medical intervention to eliminate the 

microorganism. The scale of intervention may be influenced by the type of 

microorganism, rate of infection progress, and patient acuity (Casadevall & Pirofski, 

2000). For example, in the critically ill and cancer populations, IV antibiotics are usually 

prescribed at the onset of these symptoms and the CVAD may be removed if patients 

deteriorate clinically and become haemodynamically unstable, or the patient may 

succumb to the developing sepsis (Casadevall & Pirofski, 1999, 2000, 2003; Pirofski & 

Casadevall, 2018). The Damage Response model also discusses the impact of duration of 

exposure to the microrgansisms. As the NC biofilm may act as a reservoir for the dispersal 

of microorgansisms the host reponse may be prolonged, overwhelmed by the continued 

exposure, or itself contribute to damage to the host.  

In the context of the Damage Response Framework, the removal of potentially 

pathogenic microorganisms from the external surface of the NC would disrupt or diminish 

the formation and eventual dispersal of biofilm organisms. Subsequently this may limit 

the extent of colonisation to within the host’s capacity to respond and succssfully 

eliminate the microorganisms with limited damage to the host. However, the most 

effective method of NC decontamination remains unclear. The Damage Response 

Framework forms the theoretical model for microbial pathogenesis within this thesis and 

is explored further in relation to the research in the Methods Chapter.  

Needleless connector decontamination 

Types of NC decontamination solutions 

In the 1st century, Marcus Terentius Varro wrote that ‘there perhaps exists… 

animals that are invisibly small, and which cause serious disease by invading the body’ 

(cited by Leclainche, 1936, p. 812). Little was known of microbiology, therefore, 

disinfectants were generally substances known to be toxic, such as mercury or sulphur 

smoke (Blancou, 1995). In 1675, Antonie Van Leuwenhoek discovered microorganisms 

and observed that vinegar killed some types, which introduced the first evidence for 

surface decontamination (Houtzager, 1983) For decontamination of the external surface 

of the NC there are two commonly used solutions: 70% isopropyl alcohol (IPA); and a 

combination solution of 2% chlorhexidine gluconate (CHG) in 70% IPA (Loveday, et al., 

2014; O'Grady et al., 2011). The 70% IPA wipe (a small cloth-type prep-pad soaked in 

70% IPA) has traditionally been used for this purpose (Moureau & Flynn, 2015), but 70% 
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IPA and CHG wipes are increasingly recommended in clinical practice guidelines 

(Loveday et al., 2014; O'Grady et al., 2011).  

Alcohol has been used as a disinfectant for many centuries, but IPA is currently 

the most common form used for disinfection (Flournoy, 2019). Unlike ethyl alcohol, 

produced by yeast fermentation, IPA can be manufactured by the action of bacteria, 

making it cheaper to produce (Flournoy, 2019), although the process gives the alcohol a 

strong chemical odour. Isopropyl alcohol is very effective against single cell 

microorganisms such as bacteria (Flournoy, 2019). The specific mode of action of IPA is 

not well understood; however, it is generally thought to involve a process known as 

denaturation (Flournoy, 2019). The alcohol molecules bond with and break down the 

protective cell membrane, and when this occurs the components of the bacteria are 

exposed and dissolved, losing their structure and ceasing to function (Flournoy, 2019). 

As alcohol has the effect of quickly killing bacteria, viruses, and fungi, it has been 

described as having rapid broad-spectrum antimicrobial activity and is widely used for 

surface and skin antisepsis (McDonnell & Russell, 1999). Relevant to NC 

decontamination, alcohol has been shown to be effective against microorganisms such as 

S. aureus and S. epidermidis (Ribeiro, Neumann, Padoveze, & Graziano, 2015). Isopropyl 

alcohol is considered slightly more effective than ethyl alcohol against bacteria; however, 

this depends on the strength of the product, with the optimal concentration being in the 

60%–90% range (McDonnell & Russell, 1999).  

Chlorhexidine gluconate is the most widely used biocide in antiseptic products 

and is often used as a skin antiseptic (McDonnell & Russell, 1999). It has substantivity 

(ability to adhere) for the skin; however, it is pH dependent, and its efficacy is greatly 

reduced in the presence of organic matter (McDonnell & Russell, 1999). Chlorhexidine 

gluconate is a broad-spectrum bactericide that demonstrates a maximum effect within 20 

seconds (McDonnell & Russell, 1999). Relevant for NC decontamination, it is rapidly 

taken up by S. aureus (Hugo & Longworth, 1966) and S. epidermidis (Shelton, 1991) but 

is not effective on spores. Furthermore, the antiviral activity of CHG is variable (Cheung 

et al., 2012; McDonnell & Russell, 1999). Damage to the outer cell layers takes place but 

is insufficient to induce cell death; the CHG then crosses the cell wall, possible by passive 

diffusion, and subsequently attacks the bacteria or inner cell membrane or the yeast 

plasma membrane (McDonnell & Russell, 1999). The potential benefits of using CHG in 

NC decontamination have not been fully established by research. The superiority of CHG 

over IPA for skin decontamination for surgery and venepuncture is well established 
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(Maiwald & Chan, 2012). Randomised trials have also demonstrated the efficacy of 2% 

CHG in 70% IPA for skin preparation prior to CVAD insertion (Mimoz et al., 2015). 

However, the properties of skin and the plastic and silicone components of a NC differ, 

therefore it is unclear what effect CHG and IPA combination would have upon 

effectiveness of NC microorganism decontamination (Flynn, Slater, Cooke, & Rickard, 

2018) (Appendix A). A small number of in vitro (Mazher, Kallen, Edwards, & Donlan, 

2013) and paediatric clinical studies (Pichler, Soothill, & Hill, 2014; Soothill et al., 2009) 

have suggested that a CHG in 70% IPA combination is more effective than 70% IPA 

alone for NC decontamination. However, these were non-randomised studies comparing 

before and after a change in practice with increased risk of confounding and bias. Clinical 

studies comparing specific decontamination solutions for NCs will be explored in greater 

detail in Chapter 3 (Systematic review and meta-analysis).  

Active and passive NC decontamination 

In addition to the type of antimicrobial solution type, decontamination of the NC 

can be achieved in two motions: active or passive. Active decontamination requires the 

clinician to decontaminate the NC by physically scrubbing all areas of the NC with the 

antiseptic wipe prior to accessing the CVAD, whereas passive decontamination relies 

predominantly on contact time with the decontamination solution (Curran, 2016). 

For active decontamination, antiseptic wipes are generally of a two-ply non-

woven material impregnated with 70% IPA, CHG in 70% IPA, or povidone iodine 70% 

IPA combination. The concept of pre-packaged wipes in healthcare probably evolved 

from the original ‘Wet-Nap’ soap impregnated towelette develop in 1957 by Arthur Julius 

for the cosmetic and fast-food industries. The process of active decontamination of the 

NC can vary, as not all healthcare facilities use the same antiseptic or decontaminate the 

NC for an equal number of seconds (Keogh, Marsh, Higgins, Davies & Rickard, 2014). 

Furthermore, the direction of active decontamination may also have an impact on 

effectiveness. An in vitro study comparing straight line (horizontal or vertical) to a 

rotational active decontamination action with an alcohol wipe suggested that active 

decontamination in a straight line was more effective in decreasing bacterial counts on 

contaminated NCs (Satou, Kusanagi, Nishizawa, & Hori, 2018). A number of authors 

have explored the impact of variation in practice and compliance with the NC active 

disinfection guidelines. An observational, single site study of the NC active 

decontamination practices of nurses, doctors, and technicians (n = 5877 assessments of 
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practice) found NC active decontamination occurred only 39% of the time prior to NC 

access (Jardim, Lacerda, Soares, & Nunes, 2013). The human issues of NC 

decontamination compliance are complex, and while some may involve workloads and 

time management, education and attitudes towards practice change may also contribute. 

A cross-sectional study of 171 nurses from four hospitals exploring self-reported 

disinfection practices and factors influencing behaviour found that while older 

experienced nurses expressed a greater sense of autonomy in practice, their compliance 

with NC decontamination standards was less than more recent graduates who were more 

likely to consistently use recommended decontamination practices (Smith, Kirksey, 

Becker, & Brown, 2011). In a systematic review, Moureau and Flynn (2015) highlighted 

that only one omission of NC decontamination provides the potential for bacterial 

colonisation of the internal surface. This not only emphasises the importance of 

consistency of application and technique, but also represents a possible limitation in 

active decontamination that may be overcome by passive decontamination.  

In passive decontamination, the clinician attaches a cap containing a sponge or 

similar material impregnated with 70% IPA onto the NC, where it remains until it is 

removed by the healthcare worker to access the connector. The cap is then discarded, and 

a new one is applied after each access of the NC. Studies on passive NC decontamination 

devices began to appear in the 1990s, using povidone iodine. An RCT comparing a 

betadine-impregnated shield to standard disinfection practice in 47 CVADs for at least 

10 days reported a decreased incidence of sepsis in the betadine shield group (p < 0.05) 

(Halpin, O'Byrne, McEntee, Hennessy, & Stephens, 1991). In vitro studies of commercial 

products were undertaken from about 2000 onwards. A chlorhexidine-impregnated 

sponge (n = 20) was compared to 70% IPA active decontamination (n = 15) following 

heavy colonisation with Enterococcus faecalis in an in vitro study by Menyhay and Maki 

(2004). The study reported that only 1.6% of NCs decontaminated with the impregnated 

cap showed evidence of microbial transmission to the internal surface compared to 67% 

of controls (p < 0.0001). The authors recommended a large RCT comparing the use of 

passive decontamination caps to active decontamination approaches; however, to date no 

such trials have been undertaken. The use of passive caps in practice remains limited, 

although two current NC decontamination guidelines advise that while supporting 

evidence is limited their use should be considered (Denton, Bodenham, & Conquest, 

2016; Gorski et al., 2016). The caps provide both a mechanical ‘scrubbing’ action, 

prolonged contact time with the antiseptic, and a physical barrier to contamination 
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(Wright et al., 2013). Depending on the brand, manufacturers advise that an IPA cap 

would need to be in place for three to five minutes for decontamination of the NC to be 

complete prior to use (3M., 2020; ICU Medical., 2020), but this has not been confirmed 

in either peer-reviewed in vitro or clinical studies. A potential benefit of the caps is that 

they could address the practice inconsistencies associated with active decontamination 

(Drews, 2013; Keogh et al., 2014; Slater, Cooke, Scanlan & Rickard, 2019). In a 

conference abstract of an RCT of 70% IPA caps and improved NC management 

education, the authors reported no CABSI detected over 707 catheter days, although this 

reduction could be attributable to the use of caps or education program or both (Pittiruti, 

2014). The systematic review by Moureau and Flynn (2015) concluded that while a 

number of studies (n = 13) had suggested a potential role for disinfection caps in NC 

decontamination, the overall level of evidence remained low (C or D). This review of 140 

studies and 34 abstracts provides a broad appraisal of current NC research. While the 

included papers were evidence graded, there was no formal critique against an accepted 

reporting standard or a meta-analysis conducted.  

Current guidelines on NC decontamination  

A number of published guidelines contain NC decontamination recommendations 

for clinicians. These guidelines largely pertain to the prevention of healthcare- or 

intravascular-associated infections and practice standards for infusion therapy with 

specific sections describing the role of NC decontamination. Six guidelines, their 

recommendations, and graded evidence are presented in Table 1 (Denton et al., 2016; 

Gorski et al., 2016; Intravenous Nursing New Zealand, 2012; Loveday et al., 2014; 

National Health and Medical Research Council, 2019a; O'Grady et al., 2011). Most of the 

guidelines offer a range of disinfection agents for use such as 70% IPA, CHG (0.5%–2%) 

and IPA combinations, or povidone-iodine in alcohol. The Royal College of Nursing 

(RCN) guideline (Denton et al., 2016) only refers to an ‘appropriate antiseptic’. Duration 

of active decontamination was not discussed in all guidelines and ranged between five to 

60 seconds (Denton et al., 2016; Gorski et al., 2016). Passive decontamination is cited in 

two guidelines (RCN and Infusion Nurses Society [INS]) as a possible alternative to 

active decontamination; however, no specific recommendations are provided in terms of 

preferred solutions in the caps or duration of application (Denton et al., 2016; Gorski et 

al., 2016). 

Levels of evidence and grading of recommendations also vary between 

guidelines. The CDC guidelines (O’Grady et al., 2011) categorise evidence for their 
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recommendations as Level 1A: i.e. strongly supported by well designed, experimental, 

clinical, or epidemiologic studies. However, the studies cited in the relevant CDC 

reference list refer to three retrospective studies regarding incidence of CABSI (Cookson 

et al., 1998; Do et al., 1999; McDonald, Banerjee, & Jarvis, 1998), a pre-test/post-test 

study of a change in practice from 70% IPA to 2% CHG/70% IPA (Soothill et al., 2009), 

and an RCT comparing three differing designs of NC all decontaminated with 70% IPA 

(Casey, Burnell et al., 2007). Conversely, the RCN guidelines rate the recommendations 

for NC decontamination as Class D/GPP (good practice point based on the experience of 

the guideline development group) (Denton et al., 2016). The RCN guidelines state they 

could find ‘no RCT evidence comparing the efficacy of different methods for the 

decontamination of ports and hubs prior to access’ and relied on ‘expert opinion, based 

on consensus and evidence extrapolated from experimental studies of hub 

decontamination’ (Denton et al., 2016, p. S48).  

Other guidelines cited either or both the CDC (O'Grady et al., 2011) and RCN 

(Denton et al., 2016) and rated the level of evidence as Level II (RCTs, non-randomised 

trials, or systematic reviews) (Gorski et al., 2016) or Level III (RCTs, non-randomised 

trials, or two or more in vitro studies) (Intravenous Nursing New Zealand, 2012). The 

Australian National Health and Medical Research Council (NHMRC) (2019a) guidelines 

recommend active NC decontamination with 70% IPA wipe as the ‘application of choice’ 

(p. 171), while also citing the reported efficacy of both CHG/IPA combinations and 

povidone iodine reported in an RCT by Casey et al. (2003). In support of the use of 70% 

IPA, the NHMRC guidelines (2019a) cite three systematic reviews, only one of which 

(Moureau and Flynn, 2015) is specific to NC decontamination; however, this review 

makes no specific recommendations regarding NC decontamination practice (Maiwald & 

Chan, 2012; Mermel, 2017; Moureau & Flynn, 2015). The level of evidence was not rated 

in the guideline. The NHMRC guidelines (2019a) also caution the need for the 

appropriate use of CHG and the possibility of adverse reactions in patients sensitive to 

chlorhexidine. Guidelines play an important role in the translation of research into 

practice and should provide explicit and well-informed recommendations that can be used 

to support clinical decision-making (Barreto, 2018). Guidelines reflect the level of 

evidence that exists in that particular field. That the current guidelines on NC 

decontamination refer to a range of disinfection solutions, application times, and some 

contradiction in grading of evidence reflects the generally low level of research available 

on NC decontamination. Furthermore, only two guidelines acknowledge the possibly use 
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of 70% IPA impregnated caps, highlighting the relatively recent introduction of this 

approach and need for further research.  

Table 1: Published guidelines on NC decontamination 

Guideline (author, year) Advice on NC decontamination  Evidence level and definition  

CDC Guidelines for the 

prevention of intravascular 

catheter-related infections 

(O’Grady et al., 2011) US 

Active decontamination of 

access port/needleless connector 

with an appropriate antiseptic 

(chlorhexidine, povidone iodine, 

an iodophor, or 70% alcohol) (p. 

S22) 

Category 1A: Strongly 

recommended for 

implementation and 

supported by well-designed 

experimental, clinical, or 

epidemiologic studies. 

epic3: National evidence-

based guidelines for 

preventing healthcare-

associated infections in 

NHS hospitals in England 

(Loveday et al., 2014) UK 

2% CHG in 70% IPA (or 

povidone iodine in alcohol for 

patients sensitive to 

chlorhexidine) for a minimum of 

15 seconds (p. S48)  

Class D/GPP: 

A good practice point (GPP) 

is a recommendation for best 

practice based on the 

experience of the guideline 

development group 

INS Infusion therapy 

standards of practice  

(Gorski et al., 2016) US 

70% IPA, iodophors (i.e., 

povidone-iodine), or > 0.5% 

chlorhexidine in alcohol 

solution for 5–60 seconds. Use 

of passive disinfection caps may 

be a suitable alternative. (pp. 

S68–S69) 

Level II: Two well-designed 

RCTs, 2 or more multicentre, 

well-designed clinical trials 

without randomization, or 

systematic literature review. 

RCN Standards for infusion 

therapy (Denton et al., 

2016) UK 

Active decontamination with an 

appropriate antiseptic. Use of 

passive disinfection caps 

containing disinfecting agents 

(such as IPA) should be in line 

with local policies (p. 31) 

Not commented  

IVNNZ Provisional 

infusion therapy standards 

of practice (Intravenous 

Nursing New Zealand, 

2012)  

The needleless connector should 

be disinfected using 70% 

alcohol, or > 0.5% CHG/alcohol 

combination prior to each 

access. (p. 26) 

Level III: One well designed 

RCT, several well-designed 

clinical trials without 

randomisation, quasi-

experimental designs Two or 

more well designed 

laboratory studies) 

Australian guidelines for 

the prevention and control 

of infection in healthcare 

(National Health and 

Medical Research Council, 

2019) 

The hub should be actively 

decontaminated (70% IPA wipe 

is the application of choice) (p. 

171) 

Not commented 

INS, Infusion Nurses Society; IPA, 70% isopropyl alcohol; NC, needleless connector; NHS, National 

Health Service; RCN, Royal College of Nursing; RCT, randomised controlled trial; UK, United 

Kingdom; US, United States 
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Issues with current NC decontamination research to support practice  

Many of the studies exploring NC decontamination are conducted in vitro. Early 

in vitro microbiological studies established that a measure of 15 colony forming units 

(CFU) is the threshold between contamination and the potential for systemic infection 

(Maki, Weise, & Sarafin, 1977). The outcomes of in vitro studies exploring various 

approaches to NC decontamination vary. A study by Menyhay and Maki (2006), where 

the external surface of the NC was contaminated with Enterococcus faecalis, 

decontaminated with 70% IPA for five seconds, then flushed with a nutrient broth prior 

to culturing, reported microorganism levels of 442–25,000 CFU in 67% of NCs. Whereas, 

a study by Rupp et al. (2012), with the in vitro phase using S. epidermidis and a 5-second 

decontamination with 70% IPA, reported only 20% of the NCs tested demonstrated 

contamination and rates were less than 10 CFU. The marked methodological differences 

in the two studies in terms of organisms used, approaches to inoculation and 

decontamination, and differing NC designs are likely to have contributed to the variation 

in results. However, this does make interpretation of the results challenging for clinicians. 

Other authors have proposed standardised repeatable methods of simulating 

contamination of NCs in vitro to assist in testing decontamination regimes and organisms 

(Mazher et al., 2013).  

A systematic review of NC decontamination studies graded the level of evidence 

for 43 clinical studies on NC disinfection and reported that 81% (35/43) were level C or 

D which equates to some (C) or weak (D) evidence for support recommendations for 

practice (Moureau & Flynn, 2015). The relatively low level of evidence from clinical 

studies exploring NC decontamination options also provides challenges for establishing 

a clinically robust and effective approach. The authors concluded that adequately 

powered RCTs were needed to provide high quality evidence for effective NC 

management.  

Current gaps in NC decontamination research  

The introduction to this thesis has highlighted the role of the NC in the 

development of CABSI and the importance of effective NC decontamination in 

preventing such infections. A number of gaps in NC decontamination research and 

evidence were also identified that have implications for clinical practice. The overall level 

of evidence to inform NC decontamination is of low quality, which is reflected in the 

inconsistency of advice provided in practice guidelines. Notably, the development of NC 
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caps impregnated with 70% IPA or other antiseptics may offer benefits over 70% IPA or 

CHG/IPA wipes in terms of consistency of use, active decontamination, and drying time, 

which are all prone to human variation. Furthermore, the effectiveness of an IPA cap over 

the IPA wipe or CHG/IPA wipe has not been established. Specifically relevant for this 

thesis, the current issues are: 

• A lack of in vitro studies that compare 70% IPA and CHG in 70% IPA wipes with 

a 70% IPA cap to determine which may be the most effective under laboratory 

conditions using a consistent methodology as described by Mahzer et al. (2013).  

• An absence of adequately powered RCTs that compare commonly used 

disinfection solutions such as 70% IPA and 2% CHG in 70% IPA impregnated 

wipes with a 70% IPA cap to establish the most effective approach and inform 

future practice guidelines.  

Large RCTs are significant and complicated undertakings involving substantial 

human and financial resources; therefore, it is considered advisable to conduct pilot 

studies to test the feasibility of aspects such as recruitment, data collection, and trial 

fidelity (Eldridge, Lancaster, et al., 2016). Consequently, it would be advantageous to 

conduct a pilot study to inform the implementation of a fully powered RCT. The research 

described within this thesis addresses the aforementioned evidence gaps.   

Research aim, objectives and research questions 

The overarching aim of this project was to investigate the role of NC 

decontamination products in preventing vascular access-associated BSI and to assess 

feasibility of conducting a superiority RCT. The objectives were to:  

1. Compare rates of contamination of the internal surface of the NC under in vitro 

conditions of three products: a 70% IPA wipe; a 2% CHG in 70% IPA wipe; 

and a 70% IPA-impregnated cap. 

2. Assess the feasibility of conducting a superiority RCT to compare 70% IPA 

wipes; 2% CHG in 70% IPA wipes; and a 70% IPA-impregnated cap. 

3. Compare effectiveness of NC decontamination products to prevent CABSI, 

using 70% IPA wipes; 2% CHG in 70% IPA wipes; and a 70% IPA-

impregnated cap. 
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Key research questions under investigation were: 

Question 1 

Under in vitro conditions is NC decontamination with a 2% CHG in 70% IPA wipe 

(intervention 1) or a 70% IPA-impregnated cap (intervention 2), compared to 

decontamination with a 70% IPA wipe (control), more effective for reducing contamination 

of the internal surface of the NC?  

Question 2a (Primary outcome)  

Is it feasible to conduct an adequately large RCT to detect statistical differences 

in CABSI between three NC decontamination techniques, considering eligibility, 

recruitment, retention, attrition, protocol compliance, and missing data? 

Question 2b (Secondary outcome) 

In patients with a CVAD, what incidence of CABSI should be used to calculate the 

sample size of future large trials that compare NC decontamination with a 2% CHG in 70% 

IPA wipe (intervention 1), a 70% IPA-impregnated cap (intervention 2), or a 70% IPA wipe 

(control)? 

Research design 

This PhD research used a multi-stage design employing two phases: (i) an in vitro 

study, and (ii) a pilot RCT. A systematic review and meta-analysis were conducted to 

inform the two phases and then updated prior to publication (Flynn, Larsen, Keogh, 

Ullman & Rickard, 2019) (Figure 5). Phase One, an in vitro study conducted in the 

laboratory at Griffith University, focused on the second research objective and assessed 

rates of decontamination between a 70% IPA wipe, a 2% CHG in 70% IPA wipe, and a 

70% IPA-impregnated cap (Flynn, Rickard, Keogh & Zhang, 2017). The feasibility trial 

tested the protocol and processes to inform a superiority RCT comparing the three 

different products for NC decontamination. The pilot RCT was nested in a parent study 

(DINAMIC: ACTRN12615001120561). Data from the first 91 participants at one site 

were included in the PhD data set; following further successful grant submissions, the 

RCT expanded to a multisite trial (Rickard et al., 2020). 
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Currently, the incidence of CABSI can be up to 5.2% (Chopra, O'Horo, Rogers, 

Maki & Safdar, 2013), with increased mortality in vulnerable populations (Ziegler et al., 

2015). Therefore, decreasing the incidence of CABSI is an important objective with a 

potentially significant impact on patient morbidity and mortality. Furthermore, associated 

healthcare expenditure is substantially increased per episode of infection (Australian 

Institute of Health and Welfare, 2017). This reflects the healthcare cost savings that may 

result from an improved and more effective approach to NC decontamination and thereby 

reduced rates of CABSI.  

This doctoral research has been designed to undertake logical and pragmatic 

inquiry into the optimal direction for the practice of NC decontamination. This work has 

focused on testing the efficacy of different products for NC decontamination to prevent 

the introduction of microorganisms into a CVAD via the NC, resulting in CABSI. 

Considering the substantial impact of CABSI on patient treatment, acute and ongoing 

morbidity, rates of avoidable mortality, and the associated healthcare costs of these 

factors, it is imperative to explore effective strategies to prevent infections arising from 

NC contamination. This research provides an original and distinct contribution to an 

internationally growing practice issue and is directly relevant to a widely employed aspect 

of nursing and healthcare.  

Definition of terms 

For the purposes of this project, the following concepts and assumptions need to 

be defined. 

Bloodstream infection (primary): A laboratory confirmed bloodstream infection (LCBI) 

that is not secondary to an infection at another body site (CDC, 2016). 

Catheter-associated bloodstream infection (CABSI) or central line associated 

bloodstream infection (CLABSI): CABSI/CLABSI is a laboratory-confirmed bloodstream 

infection (LCBI) where an eligible bloodstream infection organism is identified and an 

eligible CVAD is present on the day of the event or the day before the event (CDC, 2016). 

Catheter-related bloodstream infection (CRBSI): A CRBSI is a bloodstream infection 

(BSI) that develops secondary to the presence of a vascular access device (VAD) such as 

a CVAD. Evidence for causative relationship needs to include clinical and/or 

microbiological data. Criterion 1: same organism grown from at least one percutaneous 

blood culture and from the catheter tip, OR Criterion 2: two blood cultures taken, one 
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from the VAD hub and one from a peripheral vein, with the VAD culture positivity > 2 

hours versus the peripheral culture (Association for Professionals in Infection Control and 

Epidemiology, 2009). 

Decontamination versus sterilisation: Decontamination is the process of decreasing 

microbial presence in an area or on a surface (Unfried, 2019). Decontamination is a 

general cleaning, used on various surfaces and areas. For example, in the operating room 

a more thorough decontamination is needed in comparison to other hospital areas, because 

a sterile environment is necessary to reduce the risk of infection during an operation 

(Unfried, 2019). Sterilisation is a type of decontamination, along with disinfection and 

antisepsis, used to kill all microorganisms, viruses and bacterial spores (Unfried, 2019). 

There are several methods of sterilisation used on different pieces of equipment and 

surface areas, including heat, radiation, chemical, and filtration (Unfried, 2019). 

Laboratory-confirmed bloodstream infection (LCBI): LCBI 1: patient has a recognised 

pathogen cultured from one or more blood cultures, AND the organism cultured is not 

related to an infection in another area of the body, OR LCBI 2: patient has at least one of 

the following signs or symptoms – fever, chills or hypotension, AND a positive cultured 

organism that is not related to an infection in another area of the body, AND the same 

common contaminant is cultured from two or more blood cultures drawn on separate 

occasions (CDC, 2016). 

Thesis structure 

The thesis is divided into chapters as follows: 

Chapter 1 provides the introduction, background, aims and objectives of the research, 

the significance of the research project, and the thesis structure.  

Chapter 2 presents a systematic review and meta-analysis of the peer-reviewed evidence 

for the comparative effectiveness of NC decontamination. Gaps in the literature were 

identified and the need for further research supported. This chapter includes the published 

review in the peer-reviewed journal American Journal of Infection Control (Impact 

factor: 1.929): 

• Flynn J., Keogh S., Ullman A., & Rickard C. (2019). Methods for microbial 

needleless connector decontamination: A systematic review and meta-analysis. 
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American Journal of Infection Control. 47(8):956-962. 

doi:10.1016/j.ajic.2019.01.002 

Chapter 3 outlines the research methods for Phases One and Two, including the 

objectives, research design, statistical analysis, and ethical considerations for the in vitro 

and pilot RCT. The frameworks underpinning this doctoral research are also presented 

within the context of the phenomenon of interest. The published paper of the protocol for 

the pilot RCT is included from the journal Vascular Access in Appendix B: 

• Flynn, J., Keogh, S., Zhang, L., & Rickard, C. M. (2017) Evaluating methods 

for effective decontamination of central venous access devices needleless 

connectors in adult hospital patients: A pilot randomised control trial protocol. 

Vascular Access, 3(2), 8-13. 

Chapter 4 presents the results for the in vitro study and pilot RCT. The results of the 

primary and secondary endpoints are reported in line with the methods outlined in Chapter 

3. The published in vitro study was published in Infection Control and Hospital 

Epidemiology (Impact Factor: 3.084): 

• Flynn, J., Rickard, C. M., Keogh, S., & Zhang, L. (2017). Alcohol caps or 

alcohol swabs with and without chlorhexidine: An in vitro study of 648 episodes 

of intravenous device needleless connector decontamination. Infection Control 

& Hospital Epidemiology, 38(5), 617-619. doi:10.1017/ice.2016.330 

Chapter 5 includes the discussion of the results from the PhD research from Phases One 

and Two, and contains a summary of the PhD research and conclusions drawn from 

consideration of the research results. The discussion draws on the key findings that 

contribute to the body of knowledge around NC decontamination, and these are presented 

with reference to existing literature. The chapter concludes by outlining the implications 

of the findings for policy, practice, and research. 

Conclusion: Central venous access devices are essential for the administration of 

medications, IV fluids, and specialised treatments such as chemotherapy; however, their 

use provides opportunity for the serious complication of acquired infection. These 

infections may be introduced when decontamination of the NC attached to the CVAD is 

inadequate. After critique of current literature, this PhD research has focused on NC 

decontamination by conducting: an in vitro study to test three different methods for NC 

decontamination; and a pilot RCT to establish if a superiority RCT (comparing 70% IPA 
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wipes, 2% CHG in 70% IPA wipes, and a 70% IPA-impregnated cap) comparing the 

decontamination efficacy of the same three products is feasible.  

Summary  

In summary, this chapter has provided an introduction and background to outline 

the significance of the problem under examination in this PhD research. The aim of the 

research, to assess the most efficacious approach to NC decontamination currently and 

evaluate the feasibility of a future fully powered superiority trial, has been articulated. 

Conceptual frameworks addressing both methodology and pathogenesis pathway have 

been identified to underpin the multi-phased approach. The following chapter identifies 

and systematically critiques the current peer-reviewed literature, including a meta-

analysis, to assess the scientific rigour and clinical application of the current research in 

this area.  
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Chapter 2: Systematic Review and Meta-Analysis 

Introduction 

This chapter reviews and synthesises the current peer-reviewed clinical research 

surrounding NC decontamination with a primary outcome of BSI. This chapter comprises 

a systematic review and meta-analysis published in the American Journal of Infection 

Control (2017 Impact Factor 1.929). Although this review was initially undertaken at the 

outset of this doctoral research to inform the direction and design of the subsequent 

research phases, it was updated concurrently to include subsequent literature. Hence the 

final version was published after the publication of the in vitro study undertaken as part 

of the PhD research, and reference to the outcomes of the in vitro study are cited within 

the background of the review. 

Published papers are generally limited by word count restrictions; however, the 

background in the systematic review and meta-analysis presents a summary of the role of 

NC and decontamination in CABSI. A more detailed discussion of CABSI contributing 

factors such as NC design, common microorganisms, and current practices and guidelines 

were presented in Chapter 1. An expanded table of characteristics of the included studies 

is also presented in Appendix E. As a clarification to the discussion in the systematic 

review relating to the efficacy of CHG in NC decontamination not being well established, 

the effectiveness of CHG in skin decontamination is well supported by research 

(McDonnell & Russell, 1999).  

All studies included in the systematic review and meta-analysis were clinical pre-

test/ post-test designs, with in vitro or laboratory studies excluded, as they would not have 

addressed the research question specific to rates of CABSI and would have introduced 

heterogeneity. The pre-test/post-test research approach is quasi-experimental in that it 

does not require randomisation of participants or use of control groups (Reichardt, 2009). 

The design generally involves a number of phases where interventions or changes in 

practice are introduced to the same or similar groups of participants. Each phase proceeds 

for a period of time (Reichardt, 2009). The advantage of this design is the simplicity in 

undertaking the research, but the approach also has a number of drawbacks. Pre-test/post-

test studies are considered weak in terms of inferring causation, due to a number of 

confounding factors that cannot be controlled. For example, the groups that experience 

each phase may differ in important characteristics, and other events or changes in 
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practices may also occur during the phases that independently influence the results 

(Kumanyika, Parker, & Sim, 2010). Pre-test/post-test studies have been described as both 

interventional, as a change in practice is introduced, and observational, as the design often 

lacks a concurrent comparator group (Aggarwal & Ranganathan, 2019).   

Research question: When comparing NC decontamination type (active [e.g., 

wipe] versus passive [e.g., impregnated cap]), and solution (70% IPA versus CHG), 

which method is most effective to prevent CABSI? 

Statement of contribution to co-authored published paper 
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microbial needleless connector decontamination: A systematic review and meta-analysis. 
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Methods for microbial needleless connector decontamination: A systematic review 

and meta-analysis 

Background 

Since the 1990s, needleless connectors (NCs) have been used with vascular access 

devices (VADs) to administer intravenous fluids, medications, blood products and 

specialised treatments such as chemotherapy. While NCs were introduced to reduce 

healthcare workers’ risk of needle stick injuries (Hadaway, 2011), some designs increase 

risk of catheter-associated bloodstream infection (CABSI) as microorganisms can collect 

on the external surface of the NC (Perez et al., 2014). Hence, effective NC 

decontamination presents a significant ongoing challenge.  

The incidence of CABSI can be up to 5.2% (Chopra et al., 2013), with increased 

mortality in vulnerable populations (Ziegler et al., 2015). The most common and 

preventable microorganisms associated with CABSI are coagulase-negative 

staphylococci (Mermel et al., 2009; Weiner et al., 2016; Zhang, Keogh & Rickard, 2013), 

Staphylococcus aureus and Staphylococcus epidermidis. 

Currently, products for NC decontamination include wipes that contain either 

chlorhexidine gluconate (CHG) in 70% isopropyl alcohol (IPA) or 70% IPA alone 

(Loveday et al., 2014; O'Grady et al., 2011). These are considered active 

decontamination, as they require a scrubbing mechanism during application. 

Alternatively, passive decontamination can be achieved with 70% IPA-impregnated caps 

(Wright et al., 2013), which are applied directly onto the NC, inertly decontaminating the 

surface of the NC until the cap is removed and discarded prior to medication 

administration. To ensure decontamination, it is recommended that these products be 

applied for a minimum of 2–5 minutes, with a maximum use of seven days (Cameron-

Watson, 2016; Kamboj et al., 2015). here is little agreement in practice or clinical 

guidelines regarding the optimal decontamination type (active versus passive; IPA versus 

CHG). For example, United Kingdom guidelines (epic3) recommend 2% CHG in 70% 

IPA wipes (Loveday et al., 2014), while some Australian guidelines recommend 70% IPA 

wipes (Queensland Government, 2015a, 2015b). The Centers for Disease Control and 

Prevention (CDC) guidelines suggest disinfection with wipes: IPA, CHG in alcohol, or 

povidone iodine (O'Grady et al., 2011). The Infusion Therapy Standards of Practice also 

recommend these solutions, and additionally advise passive disinfection caps should be 

considered (Infusion Nurses Society, 2016).  
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With multiple decontaminant approaches recommended in guidelines, it is unclear 

which is the most effective. A recent systematic review (Voor et al., 2017) highlighted 

the low quality of evidence for some products but did not directly compare all products 

available. An in vitro study (Flynn, Rickard, et al., 2017) highlighted the varying efficacy 

of a 70% IPA wipe, a 2% CHG in IPA wipe, and a 70% IPA-impregnated cap. In that 

study, 2% CHG in 70% IPA wipes (active decontamination) resulted in a greatest 

reduction of NC contamination, but this laboratory study is not directly generalizable to 

the clinical setting. To date, there has not been a direct comparison of all three products 

in the same clinical study, or via meta-analysis. This has resulted in uncertainty about the 

most clinical and cost-effective approach and underpins the considerable inconsistency 

in guidelines regarding the most effective approach to NC decontamination.  

Aim and Research Question 

The aim of this review was to evaluate the effectiveness of NC decontamination 

products to prevent CABSI, addressing the following research question: 

When comparing NC decontamination type (active; [e.g., wipe] versus passive 

[e.g., impregnated cap]), and solution (70% IPA versus CHG), which method is most 

effective to prevent CABSI? 

Methods  

Design 

A systematic review and meta-analysis were undertaken, based primarily on 

Cochrane Collaboration systematic review methodology, incorporating quality 

assessment using the Newcastle Ottawa Scale (NOS) (Wells et al., 2017). The review was 

prospectively registered on PROSPERO (CRD42018026597) (Appendix Y).    

Inclusion criteria 

The review included interventional clinical research, published in peer-reviewed 

journals, with data available in English, with no date limitations, that compared NC 

decontamination products using either active (e.g., wipes) or passive (e.g., impregnated 

cap) decontamination type, on any vascular access device type (peripheral and central) to 

prevent CABSI. The populations were any age group in any clinical setting. Only papers 

published in English were included. The aim was to search for randomised controlled 

trials (RCTs); however, in the absence of RCTs, observational studies were included. 
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Exclusion criteria 

Studies that included a multi-modal approach to reducing CABSI, such as the 

implementation of a bundle, were excluded due to the inability to determine the impact 

of the co-intervention/s. Letters to the editor and conference abstracts were also excluded, 

due to lack of peer review. 

Primary outcome 

The outcome for this review was any type of CABSI. This was pragmatically 

chosen a priori due to the variety in CABSI definitions reported in the literature. Studies 

were included that had a primary outcome of CABSI, including central line-associated 

bloodstream infection (CLABSI), catheter-related bloodstream infection (CRBSI) and 

peripheral venous catheter associated BSI. Results were reported as CABSI events per 

1,000 catheter days where available. If results were reported per 100 catheter days, this 

was converted to 1,000 catheter days for consistency.  

Search strategy  

A systematic literature search was conducted on 9 August 2018 using CINAHL 

(Cumulative Index to Nursing and Allied Health Literature), Cochrane Central Register 

of Controlled Trials, MEDLINE and PubMed. The search was developed in consultation 

with a health librarian to use Medical Subject Headings (MeSH) wherever possible 

involving: ([disinfect* OR decontaminat*] AND [vascular access device OR hub OR 

connector]). The references of included studies were hand-searched. 

Data extraction 

Screening of titles and abstracts, and data extraction were performed by two 

reviewers independently (JF & EL). A third reviewer was consulted (SK) to resolve any 

disparities. Data extracted was standardised via a Microsoft Word® data extraction tool 

and included patient population, setting, control and interventions (70% IPA wipe, CHG 

wipe, 70% IPA-impregnated cap) used and results for CABSI (including rate per 1,000 

catheter days). For studies with missing data, the corresponding authors were requested 

to supply additional data via email; however, no authors responded. 

Determining the quality of the studies 

The quality of non-randomised studies was assessed using the Newcastle Ottawa 

Scale (NOS) (Wells et al., 2017) by two study authors independently (JF and EL), with a 
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third author (SK) consulted for consensus. The range is from low to high quality score. 

The NOS evaluates three domains of study methodology: the selection of study groups; 

the comparability of study groups; and the quality of determining the outcomes of interest 

(Wells et al., 2017). The three domains include nine questions: 1 = Representativeness of 

the exposed cohort; 2 = Selection of the non-exposed cohort; 3 = Ascertainment of 

exposure; 4 = Demonstration that outcome of interest was not present at start of study; 

5A & 5B = Comparability of cohorts on the basis of the design or analysis; 6 = 

Assessment of outcome; 7 = Was follow-up long enough for outcomes to occur; 8 = 

Adequacy of follow-up of cohorts.  

Data synthesis  

We initially conducted a narrative review of the included studies according to NC 

decontamination product and entered quantitative data into RevMan (Review Manager 

5.3). Eligible data was pooled for meta-analysis, and we used a random effects model for 

pair-wise comparisons, due to clinical heterogeneity (Higgins, 2011). The degree of 

statistical heterogeneity was investigated by a combination of methods that involved 

visual inspection of the meta-analytic model and interpretation of the ² and I² statistics 

that examine the total variance across studies due to heterogeneity rather than chance 

(Higgins, 2011). This test examines the percentage of total variations across studies 

caused by heterogeneity: categorised as low (0–40%), moderate (30%–60%), high (50%–

90%) or very high (75%–100%) (Higgins, 2011). A sensitivity analysis was then 

performed including studies of moderate to high quality and studies with at least 100 

participants. Forest plots were used to display the data, and dichotomous outcomes were 

presented as risk ratio (RR) with a 95% confidence interval (CI). A rate-per-event analysis 

was planned but could not be conducted due to issues with data availability. 

Publication bias 

We intended to use a funnel plot to identify small-study effects and to assess for 

publication bias, but there were insufficient studies to allow this. 
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Results  

Search strategy 

 

Figure 6: PRISMA flow diagram. 

The database searches revealed 572 (PubMed n = 233, MEDLINE EBSCO n = 

185, CINAHL EBSCO n = 112, Cochrane n = 42) papers that were retrieved for title and 

abstract review as shown in the PRISMA flow diagram (Figure 6). Two additional articles 

were located from other sources. Following review and removal of duplicates, 33 studies 

were obtained for full text review. Twenty-one papers did not meet the 

inclusion/exclusion criteria. No RCTs were identified. Twelve pre-test/post-test 

observational studies were included in this review. 
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Study characteristics  

As described in Table 2, the majority of included studies compared active 

decontamination using 70% IPA wipes with passive decontamination using 70% IPA-

impregnated caps (Cameron-Watson, 2016; DeVries, Mancos & Valentine, 2014; 

Kamboj et al., 2015; Martino et al., 2017; Merrill, Sumner, Linford, Taylor & Macintosh, 

2014; Pavia & Mazza, 2016; Ramirez, Lee & Welch, 2012; Stango, Runyan, Stern, Macri 

& Vacca, 2014; Sweet, Cumpston, Briggs, Craig & Hamadani, 2012; Wright et al., 2013) 

although the control was unclear in one paper (Merrill et al., 2014). The remaining two 

studies (Pichler, Soothill & Hill, 2014; Soothill, Bravery, Ho, Macqueen, Collins & Lock, 

2009) compared CHG in 70% IPA wipes vs 70% IPA wipes, both using active 

decontamination. Most studies reported data from two time-points only (single measure 

pre-post intervention), with the exception of Wright et al. (2013) and Martino et al. (2017) 

(three time-points), and Kamboj et al. (2015) (four time-points). Reporting of CABSI 

varied; however, most studies reported rates per 1,000 catheter days. The majority of 

studies were conducted in the United States of America (n = 9), with the remaining studies 

conducted in the United Kingdom (n = 3). Ages ranged from neonates (Merrill et al., 

2014) to the elderly (Cameron-Watson, 2016), with all studies focused on CVADs, except 

two which also included peripheral intravenous catheters (PIVCs) (Cameron-Watson, 

2016; DeVries et al., 2014). 

 



 

 

 

Table 2: Characteristics of included studies 

Author, year, country Setting Sample size Control Intervention CABSI type* CABSI rates†  

Cameron-Watson et 

al., 2016, UK 

Various patient populations with a 

PIVC, CVAD or arterial catheter 

Control: ND 

Intervention: 1094 

70% IPA wipe 70% IPA cap CRBSI^ Combined rates: 

Control: 26/ND 

Intervention: 8/1094 (0.82%) 

DeVries et al., 2014, 

USA 

Adult ICU patients with a CVAD 

or PIVC 

Control: 185,950 

patient days 

Intervention: 187,444 

patient days 

70% IPA wipe 70% IPA cap BSI in 

CVADs and 

PIVCs^ 

Control: 0.0075/1,000 

Intervention: 0.0038/1,000 

Kamboj et al., 2015, 

USA 

High risk units; and general 

oncology with a CVAD 

Control: 84, 427 

catheter days 

Intervention: 83, 659 

catheter days 

70% IPA wipe 70% IPA cap CLABSI Phase 1: 2.84/1,000 (control)& 

Phase 2: 2.46/1,000 (control) & 

Phase 3; 2.40/1,000 (intervention) & 

Phase 4: 1.75/1,000 (intervention) & 

Martino et al., 2017, 

USA 

Burns patients with a CVAD Control: 107 

Time 1: 153 

Time 2: 136 

Time 3: 287 

70% IPA wipe 70% IPA cap CLABSI^ Control: 7.43/1,000 

Time 1: 2.36/1,000 (intervention) 

Time 2: 9.0/1,000 (intervention) 

Time 3: 3.04/1,000 (intervention) 

Merrill et al., 2014, 

USA 

New-borns and adults with a 

CVAD 

Control: ND 

Intervention: ND 

Not specifically 

stated 

70% IPA cap CLABSI Control: 1.5±0.37/1,000 

Intervention: 0.88±0.62/1,000 

Pavia, 2016, USA Paediatric patients with short 

bowel syndrome with a CVAD 

Control: 20-25 

Intervention: 20-25 

70% IPA wipe 70% IPA cap CLABSI^ Control: 8.59/1,000 

Intervention: 3.89/1,000 

  



 

 

 

Table 2 continued 

Author, year, country Setting Sample size Control Intervention CABSI type* CABSI rates†  

Pichler et al., 2014, 

UK 

Paediatric patients with a CVAD Control: 42 

Intervention: 50 

70% IPA wipe 2% CHG in 

70% IPA wipe 

CRBSI Control: 3.1/1,000 

Intervention: 0.4/1,000 

Ramirez et al., 2012, 

USA 

Adult ICU patients on TPN with a 

CVAD 

ND 70% IPA wipe 70% IPA cap CLABSI Control: 1.9/1,000 

Intervention: 0.5/1,000 

Soothill et al., 2009, 

UK 

Paediatric HSCT patients and non-

HSCT patients with a CVAD 

Control: 553 

Intervention: 571 

70% IPA wipe 2% CHG in 

70% IPA wipe 

CRBSI Control: 10-12/1,000 

Intervention: 3/1,000 

Stango et al., 2014, 

USA 

Unidentified number of patients 

with a CVAD 

Unknown 70% IPA wipe 70% IPA cap CLABSI^ Control: 1.52/1,000 

Intervention: 0.83/1,000 

Sweet et al., 2012, 

USA 

Adult oncology patients with a 

CVAD 

Control: 472 

Intervention: 282 

70% IPA wipe 70% IPA cap CLABSI Control: 2.3/1,000 

Intervention: 0.3/1,000 

Wright et al., 2013, 

USA 

Adult ICU patients with a CVAD Phase 1: 252 

Phase 2: 364 

Phase 3: 183 

70% IPA wipe: 

Phase 1 & 3 

70% IPA cap: 

Phase 2 

CLABSI Control P1: 1.45/1,000 

Intervention P2: 0.74/1,000 

Control P3: 1.31/1,000 

BSI, bloodstream infection; ICU, intensive care unit; CVAD, central venous access device; PIVC, peripheral intravenous catheter; CABSI, catheter-associated bloodstream infection; 

CRBSI, catheter-related bloodstream infection; CLABSI, central line-associated bloodstream infection; ND, no data supplied; TPN, total parenteral nutrition; HSCT, hemopoietic stem 

cell transplant; * CABSI unless otherwise stated, such as CRBSI; † CABSI rate per 1,000 catheter days unless this data was not supplied, in which case CABSI rate per patient was 

used; ^ Definition not supplied in methods; & These are the hospital-wide results.
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Quality assessment 

Overall, the studies were of medium quality with the majority of studies 

(Cameron-Watson, 2016; Kamboj et al., 2015; Merrill et al., 2014; Pichler et al., 2014; 

Ramirez et al., 2012; Soothill et al., 2009; Sweet et al., 2012) receiving 4–5 stars (Table 

3). 

Table 3: Newcastle-Ottawa Scale quality assessment 

Author, year, country 1 2 3 4 5A 5B 6 7 8 Quality 

Cameron-Watson, 2016, UK          Moderate 

DeVries, 2014, USA          Low 

Kamboj, 2015, USA          Moderate 

Martino, 2017, USA          Moderate 

Merrill, 2014, USA          Moderate 

Pavia, 2016, USA          Low 

Pichler, 2014, UK          Moderate 

Ramirez, 2012, USA          Moderate 

Soothill, 2009, UK          Moderate 

Stango, 2014, USA          Low 

Sweet, 2012, USA          Moderate 

Wright, 2013, USA          Low 

Key: 1 = Representativeness of the exposed cohort; 2 = Selection of the non-exposed cohort; 3 = 

Ascertainment of exposure; 4 = Demonstration that outcome of interest was not present at start of study; 

5A & 5B = Comparability of cohorts on the basis of the design or analysis; 6 = Assessment of outcome; 7 

= Was follow-up long enough for outcomes to occur; 8 = Adequacy of follow-up of cohorts. 

 

Selection 

The participants from most studies included a specific population such as infants 

(Pavia & Mazza, 2016); however, two studies included a wider population, with one study 

(Cameron-Watson, 2016) examining oncology, acute care of the elderly, critical care and 

a surgical ward. All studies examined a similar population in the non-exposed and 

exposed cohort. Most studies (Kamboj et al., 2015; Martino et al., 2017; Merrill et al., 

2014; Pichler et al., 2014; Ramirez et al., 2012; Soothill et al., 2009; Sweet et al., 2012; 

Wright et al., 2013) could demonstrate that the outcome of interest was not present at the 

commencement of the study. 
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Comparability 

All studies were pre-test post-test in design; however, it was difficult to compare 

studies due to the lack of reported data. Four studies (Martino et al., 2017; Pichler et al., 

2014; Soothill et al., 2009; Sweet et al., 2012) reported participant demographics. 

Outcome 

Assessment of outcome was varied. All but one study (Stango et al., 2014) 

described the assessment of outcome by record linkage or independent blind assessment; 

however, only two studies indicated the follow-up period of participants, with no studies 

describing whether all participants were accounted for from the commencement of the 

study to completion of the follow-up time period. 

Decontamination Product 

Only two studies (Pichler et al., 2014; Soothill et al., 2009) compared 70% IPA 

wipes to 2% CHG in 70% IPA wipes using active decontamination (n = 1216). All studied 

populations were paediatric and neonatal patients. 

As displayed in Figure 7, 2% CHG in IPA wipes were associated in the meta-

analysis with significantly less CABSI, in comparison to IPA wipes (RR 0.28 [95% CI, 

0.20, 0.39]). There was low heterogeneity evident (2 = 0.03; I2 = 0%), as reflective of the 

study population.  

 

Figure 7: Forest plot for comparison of CHG in IPA wipes to IPA wipes for CABSI. 

CABSI rate per 1,000 catheter days 

The CABSI rate ranged from 3.1 to 12.0 per 1,000 catheter days in the IPA wipes 

group and 0.4 to 3.0 in the 2% CHG in 70% IPA wipe group. While CABSI per 1,000 

catheter days was reported for both studies in this group, only one study (Soothill et al., 
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2009) reported the total number of catheter days per group. Therefore, we were unable to 

carry out meta-analysis of CLABSI per 1,000 catheter days. 

Decontamination type: Active (wipes) versus passive (impregnated cap)  

Of the ten studies that compared IPA wipes with IPA-impregnated caps, only three 

had sufficient patient-level data to be included in the meta-analysis (Martino et al., 2017; 

Sweet et al., 2012; Wright et al., 2013). All three studies reported data as CABSI. As 

displayed in Figure 8, the IPA cap was associated with significantly less CABSI in 

comparison to IPA wipes (RR 0.43 [95% CI, 0.28, 0.65]). There was moderate statistical 

heterogeneity (2 = 3.44 I2 = 42%).  

 

Figure 8: Forest plot for comparison of IPA caps versus IPA wipes for CABSI. 

 

CABSI rate per 1,000 catheter days 

For the three studies reported in the meta-analysis, CABSI ranged from 1.45 to 

7.43 per 1,000 catheter days in the IPA wipe group and 0.3 to 9.0 in the IPA-impregnated 

cap group. CABSI per 1,000 catheter days was reported for the three studies in this meta-

analysis; however, most studies did not report the number of catheter days per group. Due 

to the lack of available data on total number of catheter days per group, we were unable 

to carry out meta-analysis per 1,000 catheter days. 

Sensitivity analysis 

Due to few remaining studies, a sensitivity analysis was only undertaken for the 

passive decontamination using the IPA-impregnated cap versus IPA wipes. Of the five 

studies in the primary meta-analysis, two were excluded for the sensitivity analyses: one 

because <100 participants were studied (active decontamination) (Pichler et al., 2014), 
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and one because of a low-quality NOS (passive decontamination) (Wright et al., 2013). 

The results indicated that IPA caps, in comparison to IPA wipes, were associated with 

significantly less CABSI, which was consistent with the primary analysis (Appendix F). 

Discussion  

This systematic review and meta-analysis identified that CHG in IPA wipes 

(active decontamination) or IPA-impregnated caps (passive decontamination) for NC 

decontamination were associated with significantly lower CABSI risk than IPA wipes. 

These results suggest that despite widespread use, 70% IPA wipes are likely inadequate 

for NC decontamination. 

Overall, 70% IPA wipes in comparison to CHG wipes (active decontamination) 

or IPA-impregnated caps (passive decontamination) were associated with more CABSI 

when used for NC decontamination. CHG in IPA wipes were associated with two-thirds 

less risk of CABSI than IPA wipes, with a highly precise estimate of effect (RR 0.28 

[95% CI, 0.20, 0.39]). In addition, 70% IPA caps were associated with less than half the 

risk of CABSI than IPA wipes (RR 0.43 [95% CI, 0.28, 0.65]. Therefore, the 70% alcohol 

wipes may be inadequate for NC decontamination. 

Historically, CHG has been used more frequently as a skin antiseptic but is now 

recommended as an option for NC decontamination (Loveday et al., 2014; O'Grady et al., 

2011). Alcohol caps are also recommended, with additional disinfection if multiple VAD 

accesses are required (Infusion Nurses Society, 2016). Given the results of this meta-

analysis, this recommendation seems prudent; however, RCTs of adequately large sample 

size are needed to confirm causality. An RCT comparing 70% IPA wipes with CHG wipes 

and the 70% IPA-impregnated cap would assist in definitively determining which method 

of NC decontamination most effectively prevents CABSI. 

There have been two previous systematic reviews comparing 70% IPA wipes 

against the 70% IPA-impregnated cap. The first (Moureau & Flynn, 2015), highlighted 

the importance of NC decontamination but did not include a meta-analysis and did not 

advocate for any one product over another. The second review (Voor et al., 2017) 

included a meta-analysis of studies comparing IPA wipes with an IPA-impregnated cap. 

This review identified that the IPA-impregnated cap was associated with significantly 

less CABSI in comparison to IPA wipes (RR 0.59, 95% [CI 0.45-0.77]); however, the 

authors also stated that an RCT is needed. Neither review included comparisons involving 
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CHG wipes, which are increasingly used for NC decontamination. Our findings regarding 

the superiority of IPA caps over IPA wipes are consistent with these previous reviews. 

We found only two studies (Pichler et al., 2014; Soothill et al., 2009) that tested 

active decontamination with a CHG wipe, and the total number of participants included 

was relatively small (n = 1216). Both studies reported CRBSI. This method of NC 

decontamination is currently being suggested in some clinical guidelines (Loveday et al., 

2014; O'Grady et al., 2011) with little research to support it. It could be concluded that 

use of CHG in alcohol wipes is superior to alcohol alone for infection prevention; 

however, this has not been well established. It is also noted that CHG has prolonged 

decontamination activity (Hong, Morrow, Sandora & Priebe, 2013); again, however, 

there is insufficient evidence whether this results in less CABSI.  

Ten studies (Cameron-Watson, 2016; DeVries et al., 2014; Kamboj et al., 2015; 

Martino et al., 2017; Merrill et al., 2014; Pavia & Mazza, 2016; Ramirez et al., 2012; 

Stango et al., 2014; Sweet et al., 2012; Wright et al., 2013) tested active decontamination 

with alcohol wipes compared to passive decontamination using an alcohol-impregnated 

cap. All studies reported a reduction in bloodstream infection with passive 

decontamination. This method theoretically minimises the risk for non-compliance when 

using active decontamination; however, this product is not yet widely used, and cost could 

be one explanation. For example, Reynard 70% alcohol wipes cost approximately 

US$0.01 each, and Reynard 2% CHG in 70% IPA prep pads cost approximately US$0.02 

each (https//:www.pharmacydirect.com.au/, accessed 11 August 2018) while the alcohol-

impregnated cap can be as much as US$0.17 each. An acutely ill patient may require 20+ 

NC decontamination products each day, leading to a total cost at a minimum of 

approximately US$0.29, US$0.43, and US$3.33 respectively. Given the significant 

number of NC decontamination products used, even small differences in product cost can 

generate significant implications for hospital budgets. However, the costs associated with 

CABSI management can range from US$17,896 to US$94,879 (Agency for Healthcare 

Research and Quality, 2018), suggesting that the initial outlay of purchasing the NC 

decontamination products could be cost-effective. 

Although not addressed in this review, for active decontamination, scrub time and 

drying time are important; however, these remain an unresolved issue in practice and 

research. The IPA and CHG wipes often contain from 0.6 mL to 1.5 mL of solution, 

making adequate drying time essential to ensure adequate exposure time for 
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microorganism decontamination, and that the solution does not inadvertently get infused 

into the bloodstream (Slater, Fullerton, Cooke, Snell & Rickard, 2018). Moreover, a 

chemical residue can form on the NC with the use of CHG wipes; it remains unclear if 

this forms a protective barrier or may attract microorganisms to adhere to the NC (Hong 

et al., 2013). Moving forward, designing and conducting a clinical trial that 

accommodates and tests NC decontamination solution, method and timing would be 

challenging, as this would lead to a potential 3x3 factorial trial which, while clinically 

appropriate, may be challenging in practice. 

Strengths 

This review supports previous reviews into similar NC decontamination products, 

concluding that IPA wipes alone are potentially inadequate for NC decontamination. 

However, these results need to be taken with caution due to the lack of RCT evidence to 

confirm efficacy. This review is also the first to include NC decontamination with a CHG 

in 70% IPA wipe, giving readers a wider understanding of the products available and their 

effectiveness. This review highlights the need for a suitably large RCT to provide 

evidence for the best approach for NC decontamination.  

Limitations 

The first limitation of the meta-analysis and review was the moderate study 

heterogeneity for the active versus passive IPA comparison, meaning the conclusions are 

more susceptible to change as new studies are conducted. Comparatively, the alcoholic 

CHG versus IPA wipes studies had low heterogeneity. Second, due to the absence of 

RCTs, only observational studies were included. RCTs are needed to identify cause and 

effect relationships and, given the design of the included studies, the true effect of the 

interventions may be under/overestimated (Higgins, Altman et al., 2011). Third, a rate-

per-time period analysis could not be completed due to unavailability of data. This would 

have been a more sensitive examination of the effectiveness of these interventions. Future 

trials examining these interventions should report catheter days to enable such analysis. 

Last, not all studies reported what type of funding, if any, was received. If industry 

funding was received, this could potentially be a source of bias. 
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Conclusion 

NC decontamination is an essential component of infection control practices in 

the healthcare system, and 70% IPA wipes are likely to be the least effective approach 

currently available. Quality post-insertion and maintenance care of the vascular access 

device is essential to prevent CABSI. Both alcoholic CHG wipes and IPA passive 

decontamination caps are associated with significantly lower CABSI than IPA wipes in 

non-randomised studies. However, there have been no high-quality RCTs undertaken on 

the impact of NC decontamination for the prevention of introducing microorganisms into 

this device. Thus, there is a lack of high-quality evidence to confirm the superior 

decontamination method when accessing and maintaining a vascular access device. With 

newer methods now available, RCTs are urgently needed to establish the optimal 

decontamination method to prevent CABSI. 

Subsequent correspondence 

Following the publication of this article the American Journal of Infection Control 

received a Letter to the Editor (Appendix G; Reprint permission from the publisher 

Appendix AB): 

• Glélé, L. S. A., Guilloteau, A., Astruc, K., Carre, Y., Chaize, P., Keita-Perse, O., 

... & Lepelletier, D. (2019). ‘Methods for microbial needleless connector 

decontamination: A systematic review and meta-analysis’ – Interpret results 

with caution. American Journal of Infection Control. 

doi:10.1016/j.ajic.2019.06.030. Impact Factor: 1.929 

Flynn, Larsen et al. (2019b) have written a reply to this Letter to the Editor as outlined 

below: 

• Response to Letter to the Editor re: Methods for microbial needleless connector 

decontamination: A systematic review and meta-analysis by Flynn et al. (2019). 

doi:10.1016/j.ajic.2019.07.002. Impact Factor: 1.929 

Dear Editor 

We wish to thank Glélé et al. for their interest in our paper ‘Methods for microbial 

needleless connector decontamination: A systematic review and meta-analysis’ by Flynn 

et al. (2019a). We hope that this is a demonstration of a growing interest in needleless 
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connector decontamination and will help increase the quality and quantity of research on 

the topic. 

Glélé et al. are correct, we stated that a random effects model was used, but included 

the fixed effect model instead. We performed both random and fixed effects approaches, 

for which the findings hardly differed (Figure 9); however, we were remiss in not clarifying 

this in the published manuscript.  

We used the Cochrane methodology (Higgins, 2011) and Review Manager (RevMan 

[computer program] Version 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2014) software to conduct the meta-analyses. As Glélé et al. suggested, there 

are multiple acceptable approaches to analyse these data; nevertheless, the Cochrane 

Collaboration uses robust, open-source, replicable methodology (Higgins, 2011). Figure 9 

shows the original meta-analysis of the alcohol-impregnated cap versus the IPA wipes 

using the fixed methods approach, and Figure 1b shows the same comparison using the 

random effects model. This demonstrates similar risk ratio and confidence intervals and so, 

in this case, the decision to use a fixed or random effects model had no impact on results.  

 

1a 

 

1b 

Figure 9: Forest plots of alcohol-impregnated caps versus IPA wipes to prevent CABSI 

(1a. fixed effects approach; 1b. random effects approach). 
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We used the Mantel-Haenszel (MaHa) model for meta-analysis of dichotomous 

variables in RevMan as the MaHa model has been shown to perform well for fixed effects 

analysis and in the case of sparse data (Mathes & Kuss, 2018). Glélé and colleagues suggest 

that this is not appropriate because of the (possible) statistical heterogeneity due to low 

number of studies in the review (our analyses demonstrated moderate I2 values.) The 

decision on which meta-analysis model to use in a review is much more nuanced (Mathes 

& Kuss, 2018) than a consideration of statistical heterogeneity alone and should incorporate 

elements of clinical setting or patient characteristics. The alternative models suggested by 

Glélé and colleagues, including the Bayesian binomial model, certainly offer an alternative 

statistical approach to be considered for future reviews, where randomised controlled trials 

are to be included (Lewis & Nair, 2015). 

We concluded in our original publication, in line with Glélé et al., that the results 

should be interpreted cautiously. We believe this is primarily due to the lack of randomised 

studies, overall low sample sizes and data quality. Decontamination products are used 

across the world every day to prevent severe complications such as bloodstream infection. 

However, our study has demonstrated that this practice is based on low-quality evidence. 

We believe this is a clinical practice that can be causing significant harm, and innovations 

need to be evaluated using high-quality studies, including randomised controlled trials as 

soon as possible. 

Yours sincerely 

Julie Flynn and colleagues  

Summary  

This chapter has presented a systematic review and meta-analysis of peer-

reviewed publications on NC decontamination. The findings suggest that compared to a 

2% CHG in 70% IPA wipe and the 70% IPA cap, the 70% IPA wipe may not be best 

practice for this purpose; however, this needs to be tested in a well-designed RCT, as the 

peer-reviewed evidence was of low quality. The next chapter will present the methods for 

the two phases of the PhD research program: an in vitro study and a pilot RCT. 
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Chapter 3: Methodology 

Introduction  

The previous chapter systematically appraised peer-reviewed published studies on 

NC decontamination, focusing on the importance and effectiveness in reducing BSI via 

NC decontamination with one of three products: a 70% IPA wipe; a 2% CHG in 70% IPA 

wipe; or a 70% IPA-impregnated cap. This review established that there is currently no 

high-quality evidence in this domain, highlighting the need for further rigorous trial 

research comparing the effectiveness of the various available NC decontamination 

methods. This chapter outlines the research plan for each of the two phases of this project, 

an in vitro study and a pilot RCT, investigating the current frequently used products for 

NC decontamination to assess the feasibility of conducting a superiority RCT. The 

chapter presents the overarching research aims, research questions, and objectives, 

conceptual/theoretical models, project design, followed by the methods, and ethical 

considerations for each phase of the program.  

This chapter also incorporates information from a published article on the methods 

for the pilot RCT. Content from this publication has been expanded upon and is presented 

in this chapter with the addition of further methodological detail and discussion for the 

purposes of this PhD thesis. The original published version can be found as Appendix B:  

• Flynn, J. M., Keogh, S., Zhang, L., & Rickard, C. M. 2017. Evaluating methods 

for effective decontamination of central venous access device needleless 

connectors in adult hospital patients: A pilot randomised controlled trial protocol. 

Vascular Access, 3(2), 8–13. 

Conceptual frameworks 

The US National Institutes of Health defines rigour in research as the strict 

application of a scientifically robust and unbiased experimental design (Hofseth, 2018). 

Several conceptual frameworks for experimental designs were considered for this 

research program. These included the Cancer Institute New South Wales Model of 

Translational Research adapted from the US National Institutes of Health Model of 

Research Translation (Westfall, Mold & Fagnan, 2007). The model recognises the 

acquisition and development of knowledge from different domains (i.e., bench, bedside, 

practice) and therefore would encompass both in vitro and human subject trials (New 
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South Wales Ministry of Health, 2012). However, this model focuses on the translation 

of biomedical research into clinical practice, not the underlying process of experimental 

design. Hence, the model was not considered suitable for this program because the aim 

of this research was experimental rather than translational. 

A conceptual and theoretical framework was ultimately selected to inform the 

design and implementation of this program of research. The MRC Framework for 

Developing and Evaluating Complex Interventions (Craig et al., 2008) provided the 

conceptual structure for undertaking the research. The model details a phased approach 

from theoretical development, pilot testing, clinical evaluation, and implementation. The 

document also provides a definition for complex interventions (Craig et al., 2008). 

Decontamination of the NC as a complex intervention  

The MRC framework specifically relates to the investigation of complex 

interventions. Complex interventions are defined as interventions that contain several 

interacting components. These components may act independently or interdependently, 

presenting challenges when evaluating the efficacy of the overall intervention (Craig et 

al., 2008). While the concept of NC decontamination to prevent CABSI may appear to be 

a simple process, there are several aspects to the procedure that interplay, which influence 

the effectiveness of the removal of pathogenic organisms from the external surface of the 

NC. This includes interaction between the devices, device design, the environment, 

patient acuity, and variations in clinicians’ behaviours that must also function 

interdependently to varying degrees to be effective (Curran, 2016; Jarvis, 2010). Previous 

authors have commented that not only is it important to identify the most effective 

decontamination solution and approach for the NC, but also how such an intervention 

must also take into account factors such as clinician workloads and the time required for 

decontamination and drying (Curran, 2016; Moureau & Flynn, 2015). The reasons for 

and relevance of this will now be discussed in more detail.  

The interaction between process and the individual in a complex intervention is 

explored in the Normalisation Theory described by May et al. (2007), which identifies 

the concept of ‘Interactional Workability’ (p. 4). The idea of Interactional Workability is 

divided into two sub-concepts: ‘Disposal’, the goal of the interaction which may be 

determined by a guideline or clinical outcome; and ‘Congruence’, how the work may be 

completed within a timeframe (May et al., 2007, p. 4). In the context of NC 

decontamination, the disposal is the goal in NC decontamination; as discussed in Chapter 
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1, guidelines informing this are not well supported by current research evidence. The 

congruence is determined by exploring the decontamination process that will be most 

effective and efficient. Hence, a theoretical framework that can encompass the 

complexity of interacting components and allow for the focus on specific core factors is 

required.   

MRC Framework for Developing and Evaluating Complex Interventions 

The MRC Framework for Developing and Evaluating Complex Interventions was 

first published in 2000 to aid researchers and research funders in recognising and adapting 

appropriate research methods. After several limitations were identified, the MRC 

framework was updated (Craig et al., 2008; Craig & Petticrew, 2013) and included 

evaluations and more guidance on how to approach the development, reporting, and 

implementation of complex interventions.  

The MRC framework (Figure 5) incorporates a systematic appraisal using an 

interrelated series of examinations to ensure comprehensive and easily integrated 

knowledge to inform practice (Craig et al., 2008). There are four stages in the process: 

Development; Feasibility/piloting; Evaluation; and Implementation.  

The development stage is undertaken to identify the evidence base, using, for 

example, a systematic review, identifying and developing appropriate theory, and 

modelling process and outcomes (Craig et al., 2008). The next stage is to assess feasibility 

and piloting methods, which can include testing procedures for their acceptability, 

estimating likely rates of recruitment and retention of participants, and calculation of an 

appropriate sample size (Craig et al., 2008). Stage three is the evaluation of a complex 

intervention and includes assessing effectiveness using randomisation, as this is the most 

robust method of preventing selection bias. Additionally, process evaluation in a trial can 

be used to assess fidelity and quality of implementation, clarify causal mechanisms, and 

identify contextual factors associated with variation within outcomes (Craig et al., 2008). 

The final stage is implementation. This includes publication of the research, getting the 

evidence into practice, surveillance, monitoring, and long-term outcomes (Craig et al., 

2008). As displayed in Figure 10, with this doctoral research, the MRC model included 

development projects (a systematic review and in vitro study) and feasibility projects (a 

pilot RCT to assess for feasibility of conducting a superiority RCT). Later studies 

evaluating NC decontamination would progress to the evaluation (e.g., superiority RCT) 

and implementation stages, but these are outside the scope of this PhD program. 
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Figure 10: UK MRC Developing and Evaluating Complex Interventions model (Craig 

et al., 2019) and related phases of the research program. 

 

Host–microbe interaction and damage response 

As outlined in Chapter 1, the theoretical relationship between host–microbe 

interaction and possible subsequent damage response was described in a series of papers 

by Casadevall and Pirofski (1999, 2000, 2003; Pirofski & Casadevall, 2018). These 

authors state that the host–pathogen relationship is based upon three conceptual 

assumptions: (i) the acquisition of a microbe by a host may result in tissue damage that 

triggers an immune response; (ii) while mammals are born with (or quickly acquire) an 

initial microbiome, the subsequent exposure to microbial flora may result in infection; 

and (iii) the type and extent of damage from initial microbial exposure may determine the 

outcome of the host–microbe relationship (Casadevall & Pirofski, 1999, 2000, 2003). 

These three assumptions effectively summarise the pathway from exposure of the host to 

organisms that are potentially pathogenic and the complex relationship between the initial 

damage-related immune response and the likelihood of ongoing morbidity. The authors 
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clearly define terms used within the model; for example, commensals refer to microbes 

that may normally cause no or non-apparent damage to the host—commensalism being 

the state of infection with a commensal that may still trigger an immune response. 

Colonisation is used to describe the state of infection that may result in minimal to 

extensive damage. The authors use ‘damage’ to illustrate the interruption of normal tissue 

function and integrity. Elimination refers to the removal of a microbe from the host by 

physical, immunological, or pharmacological therapy, and persistence describes the state 

of infection response when the microbe is not eliminated from the host, leading to 

increasing damage (Casadevall & Pirofski, 1999, 2000, 2003; Pirofski & Casadevall, 

2018). The Damage–Response Framework of Microbial Pathogenesis presents a 

generally applicable theory of microbe–host interaction. The framework has been 

adapted, using the theoretical assumptions of host-pathogen interaction and definitions 

discussed above, to describe this pathway specific to the contamination of the needleless 

connector and is referred to as the Needleless Connector Pathogenesis of Infection 

conceptual model. The adapted concepts of infection pathogenesis via needleless 

connectors using the Damage–Response Framework are displayed in Figure 11. 

Needleless Connector Pathogenesis of Infection Conceptual Model 

The Needleless Connector Pathogenesis of Infection Conceptual Model (Figure 

11) was specifically adapted and designed for this program of research. The model 

illustrates the theoretical pathway of the microbe to the host, the role of decontamination 

of the NC, and the possible process of interaction with regards to host susceptibility and 

the passage of time.  

 

Figure 11: The Needleless Connector Pathogenesis of Infection Conceptual Model 

graphically adapted from the Damage–Response Framework of Microbial Pathogenesis 

(Casadevall & Pirofski, 1999, 2000, 2003; Pirofski & Casadevall, 2018). 
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Needleless connectors provide a pathway for microorganisms from the 

environment, the patient’s skin, and healthcare workers’ hands into the patient’s 

bloodstream if the connector is not adequately decontaminated. As discussed in Chapter 

1, this can be influenced by disparities in decontamination products, active 

decontamination, and drying time recommended in current guidelines, many of which 

focus on active decontamination, rather than passive, with increased likelihood of 

inadequate elimination of microorganisms from the NC external surface due to absent or 

ineffective active decontamination (Moureau & Flynn, 2015).  

Based on the Casadevall and Pirofski Framework the Needleless Connector 

Pathogenesis of Infection Conceptual Model suggests that following inadequate NC 

decontamination the subsequent biofilm formation and dispersal from the internal surface 

of the NC may result in an initial colonisation of the host. The otherwise healthy host may 

launch an immune response and eliminate the microorganisms without medical 

intervention. If this is not successful, then ongoing colonisation and persistence occurs. 

This may lead to the host exhibiting symptoms of disease or suspected CABSI, requiring 

medical intervention to eliminate the microorganism. The scale of intervention may be 

influenced by the type of microorganism, rate of infection progress, or patient acuity 

(Casadevall & Pirofski, 2000). As discussed in Chapter 1, the type of microorganism may 

influence the level of response. The Casadevall and Pirofski Framework discusses how 

common Class 1 opportunistic organisms (e.g., S. epidermidis) are more likely to be 

eliminated by the initial host response while more resistant Class 3 organisms, such as S. 

aureus, may overwhelm the host’s anti-microbial ability (Casadevall & Pirofski, 1999). 

This in turn may reduce the time factor to the development of sepsis, particularly in 

patients with compromised immunity.  

The Needleless Connector Pathogenesis of Infection Conceptual Model illustrates 

how this is further complicated by the continuing presence of the contributing biofilm 

within the NC and CVAD. As the CVAD is often used for the collection of blood samples 

via the NC, this provides an opportunity for interaction between serum and the 

microorganisms present on the external surfaces of the NC and biofilm on the internal 

surfaces of the NC. Previous in vitro studies have reported reduced effectiveness of 

current decontamination techniques in NCs exposed to serum (Mazher et al., 2013). In 

critically ill and/or cancer patients symptomatic of CABSI, intravenous antibiotics are 

usually prescribed at the onset of symptoms and the NC and CVAD may be removed if 
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patients clinically deteriorate and become haemodynamically unstable, or the patient may 

succumb to overwhelming sepsis (Casadevall & Pirofski, 1999, 2000, 2003). 

The two theoretical models outlined different but interacting components of the 

program of research. The MRC framework provides the methodological process for the 

systematic review, in vitro study, and for undertaking the feasibility/pilot study to 

establish a sound pragmatic and replicable approach to a larger trial. The MRC framework 

is specifically designed to underpin research that explores complex clinical and practice 

relationships, including the process of evaluation. In the context of NC decontamination, 

relationships exist between the processes of decontamination solution, active/passive 

decontamination, drying time, NC design, and exposure to serum. These relationships 

were identified during the development stage of the research (i.e., systematic review and 

in vitro study). The practicality of exploring these factors in clinical practice with regards 

to recruitment and data acquisition, both of which are reliant upon human factors, are 

undertaken in the feasibility stage (pilot RCT). The Needleless Connector Pathogenesis 

of Infection Conceptual Model furnishes the conceptual interaction between the 

aforementioned decontamination processes with microbial, mechanical, environmental, 

and patient acuity variables. The two frameworks interface seamlessly to underpin the 

research project detailed in this thesis. 

Project design 

This research uses a two-phase design employing (i) an in vitro study and (ii) a 

pilot RCT. The relationship between the overarching aims, objectives, research questions 

of the program of study, and the two research phases is portrayed in Figure 12. 
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NC: needleless connector. IPA: isopropyl alcohol. CHG: chlorhexidine gluconate. 

CVAD: central venous access device. CABSI: Catheter-associated bloodstream infection. 

Figure 12: Relationship between research aims, objectives, research questions, and 

study phases. 

• Phase One, the in vitro study, addressed Research Question 1 and was conducted 

in the laboratory at Griffith University to assess which product was the most 

effective method for NC decontamination: usual practice, active decontamination 

using a 70% IPA wipe; intervention 1, active decontamination using a 2% CHG 



 

Julie Flynn s2785628 Methodology Page 54 

in 70% IPA wipe; or intervention 2, passive decontamination using a 70% IPA-

impregnated NC cap.  

• Phase Two, a pilot RCT, was designed to address Research Question 2 (a and b), 

and was conducted at the Royal Brisbane & Women’s Hospital to test the protocol 

and processes to inform a potential superiority RCT of the three different NC 

decontamination products: usual practice, active decontamination using a 70% 

IPA wipe; intervention 1, active decontamination using a 2% CHG in 70% IPA 

wipe; or intervention 2, passive decontamination using a 70% IPA-impregnated 

cap. 

The following section presents the research methods for each phase. 

Phase One – In vitro study 

Method 

Objective 

The objective of this study was to compare rates of contamination of the internal 

surface of the NC under in vitro conditions of three products: a 70% IPA wipe; a 2% CHG 

in 70% IPA wipe; and a 70% IPA-impregnated cap  

Design 

This study was an in vitro design. In vitro refers to the conduct of a procedure or 

experiment in a controlled environment, such as a laboratory, and, relative to in vivo 

studies, such studies are easier to perform (Krithikadatta, Gopikrishna, & Datta, 2014). 

This design was chosen as it would assist in modelling processes and outcomes for the 

three NC decontamination products identified in the systematic review and forms part of 

the developmental phase of the MRC Framework. In vitro studies are widely used and 

provide a platform to create, compare, and check products or materials prior to clinical 

use. This information can aid clinical decision making, enabling the clinician to 

understand the physical, mechanical, and biological properties of the device, drug, or 

chemical (Krithikadatta et al., 2014). Most in vitro studies follow an experimental design, 

including hypothesis testing, and may closely resemble a clinical trial, which improves 

internal validity of the results (Krithikadatta et al., 2014). In comparison to clinical studies 

involving humans, in vitro studies have a number of advantages. They enable the 

researcher to manipulate the environment to control independent variables, expose cells 
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directly to a substance (e.g., chemical or medication) or event, and evaluate the specific 

cell response (Harry et al., 1998). There are also several disadvantages relating to the 

created environment that may not replicate human use and could alter the response of the 

exposed cells (Harry et al., 1998). Furthermore, variations in laboratory methods such as 

chemical solutions, concentrations, immersion, and drying time used in in vitro studies 

exploring NC decontamination may impact the interpretation and generalisability of the 

results to clinical settings and practice (Tang, Wiriyanithinon, Kim, Sophonpanich, & 

Waritanant, 2018). In vitro studies are generally considered a low level of research 

evidence for clinical interventions; however, they are viewed as important in establishing 

the basis for clinical research such as RCTs (Pandis, 2011). 

The study was conducted at the Alliance for Vascular Access Teaching and 

Research (AVATAR) Microbiology Laboratory at Griffith University, Nathan, Australia. 

The study specifically addressed the research question: Under in vitro conditions is NC 

decontamination with a 2% CHG in 70% IPA wipe (intervention 1) or a 70% IPA-

impregnated cap (intervention 2), compared to decontamination with a 70% IPA wipe 

(control), more effective for reducing contamination of the internal surface of the NC? The 

laboratory and experimental methods were based on those described by Mazher et al.’s 

(2013) repeatable method for the conduct of in vitro NC studies. That is, each of the three 

types of NC designs tested were exposed to an inoculate bath with calculated levels of 

microorganisms before drying in an aseptic container. Decontamination of each NC 

external surface was then undertaken using one of three methods; microbial cells were 

then recovered and quantified against similarly contaminated controls without 

decontamination. Detailed description of the laboratory methods is provided in the 

following paragraphs.    

Primary outcome  

The primary outcome for the in vitro study was the bacterial and fungal colony 

counts remaining on the internal surface of the NC following decontamination.  

Sample size 

A purposive sample was used with experiments conducted on different NCs, 

representative of those in current clinical practice. Although a priori sample size 

calculations are important in RCTs, they are often not considered or reported in in vitro 

studies (Krithikadatta et al., 2014). In vitro studies may otherwise rely on non-parametric 

statistical methods to draw conclusions from smaller samples (Wittkowski & Song, 
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2010). Some authors have commented that justification for sample size should be 

presented to illustrate the assumptions made in addressing the number of experiments 

required to explore the research question (Krithikadatta et al., 2014). The estimation of 

the sample size was based on four previously published in vitro studies of NC 

decontamination (Table 4). Three studies (Hong, Morrow, Sandora, & Priebe, 2013; 

Kaler & Chinn, 2007; Smith et al., 2012) were selected as they used similar 

microorganisms to this project, and one study used a similar design (Mazher et al., 2013). 

Only one study (Smith et al., 2012) calculated a specific required sample size of 172 

experiments in total for one NC type and two differing decontamination methods. The 

remaining studies lacked a formal sample size justification, but presented statistically 

significant results with sample sizes of between 100–447 experiments comparing two 

types of decontamination (Hong et al., 2013; Kaler & Chinn, 2007; Mazher, Kallen, 

Edwards, & Donlan, 2013; Smith et al., 2012). This equates to an approximate average 

of 200 experiments per study, involving up to three decontamination methods and five 

time intervals. As this study consisted of three differing decontamination experiments, 

plus positive and negative controls, the sample sizes of the aforementioned studies were 

used to determine the number of experiments that would likely detect statistically 

significant differences in the effectiveness of microbial decontamination methods. A final 

sample size of 216 per decontamination type, inclusive of 48 controls, with a total of 648 

experiments was selected. 
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Table 4: Sample sizes in previously published in vitro studies of NC decontamination 

Author, 

year 

NC 

sample 

size 

Control and 

decontamination 

method 

Intervention and 

decontamination 

method 

Micro-organisms tested  

Hong et 

al. 2013 

447 IPA wipe: active 

decontamination 

times of 0, 5, 15 

and 30 seconds 

CHG wipe: active 

decontamination 

times of 0, 5, 15 and 

30 seconds 

S. epidermidis; S. aureus; 

P. aeruginosa; and C. 

albicans. 

Kaler et 

al. 2007 

100 IPA wipe: Swab 

NC for 15 seconds 

CHG wipe: Swab 

NC for 15 seconds 

S. epidermidis; S. aureus; 

P. aeruginosa; and C. 

albicans. 

Mazher 

et al. 

2013 

116 IPA wipe: Swab 

NC for 15 seconds 

CHG wipe, 

Povidone iodine 

wipe: Swab NC for 

15 seconds 

S. epidermidis and 

Klebsiella pneumoniae 

Smith et 

al. 2012 

172 IPA wipe: NC swab 

times: 5, 8, 10, 12 

and 15 seconds 

IPA cap: Cap in 

place for at least five 

minutes  

S. epidermidis; S. aureus; 

P. aeruginosa; and C. 

albicans. 

NC, needleless connector; IPA, 70% isopropyl alcohol; CHG, chlorhexidine gluconate 2% in 70% IPA. 

 

Procedure 

Types of needleless connectors 

Three different types of NCs were tested: SmartSite® (CareFusion, San Diego) 

needle-free valve (n = 216), Safeflow (B. Braun, Melsungen) valve (n = 216) and 

MaxPlus® Clear (CareFusion, San Diego) (n = 216) NC. Two of the NCs (SmartSite® 

and MaxPlus®) were chosen as they are used in the clinical areas where the pilot trial 

(Phase Two) was conducted and are commonly used in Australian healthcare settings 

(Alexandrou et al., 2018). The Safeflow® NC was included because this model is 

commonly used in practice and to increase the generalisability of the results.  

Table 5 summarises information regarding the three NCs as presented by the 

manufacturers. The SmartSite® NC is a split septum, negative displacement design; as 

the Luer tip is pressed against the septum it retracts into the NC housing and the split 

septum opens to allow fluid to pass into the internal fluid path. The MaxPlus® is a 

positive displacement NC with a solid silicon septum that when activated by the Luer tip 

compresses a spring mechanism that allows fluid to pass along the internal structure.  The 

Safeflow® NC did not specifically state the type of fluid displacement or design; 

however, the schematic of the Safeflow® NC indicates a split septum and internal fluid 
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path that is indicative of a negative pressure displacement model (see Chapter 1, Figures 

1–3 for more details on NC design generally).  

Table 5: Specifications of NCs used for in vitro study 

 

Microbial strains 

The bacterial and yeast strains used in the experiments were S. aureus (NCTC 

8532), S. epidermidis (PCI 1200), P. aeruginosa (NCIB 8295), and C. albicans (3147). 

These microorganisms were chosen as they have commonly been isolated in vascular 

access device-associated BSIs (Lin et al., 2017; Si, Runnegar, Marquess, Rajmokan, & 

Playford, 2016). The organisms were purchased from American Type Culture Collection 

(ATCC) Australia (www.atcc.org), provided freeze dried with pure culture certification.  

S. aureus, S. epidermidis, and P. aeruginosa were propagated as per suppliers’ 

instructions; 5–6 mL of broth withdrawn with a sterile pipette was used to rehydrate the 

pellet. The rehydrated pellet was aseptically transferred back into the broth tube and 

mixed. The suspension was used to inoculate an agar plate which was incubated for 24 

hours at 37 ºC. The C. albicans was thawed in a water bath, then 50 μL was aseptically 

transferred to an agar plate and incubated for 24 hours.  

NC brand and 

image 

SmartSite® 

 

CareFusion, San 

Diego 

Safeflow® 

 

B. Braun, Melsungen 

MaxPlus® Clear 

 

CareFusion, San 

Diego 

Fluid displacement: Negative Not stated Positive 

Low pressure power 

injectors: 

Up to 325 PSI 

(2240.8 kPa) 

Pressure resistant up to 

2 bar 

Up to 325 PSI 

(2240.8 kPa) 

Priming volume: 0.11 mL 0.09 mL 0.29 mL 

Flow rate: Up to 10mL/second Up to      6 mL/second Up to 10 mL/second 
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Protocol for pre-treatment of needleless connectors with human serum 

The pre-treatment with human serum was used to mimic real-life use of the NC, 

as blood is often drawn from or transfused through the NC. Human serum (Sigma-

Aldrich) was filter-sterilised (0.2 u) before use (Mazher et al., 2013). For half of the 

experiments (n = 324), 100 μL of sterile human serum was flushed through unused NCs 

removed from the sterile packaging and remained in situ for 1 hour under static conditions 

in a class II biological safety cabinet prior to exposure to microbial inoculum.  

Protocol for inoculation of devices 

The overnight broth culture was adjusted to an OD600 (optical density of a sample 

measured at 600 nm) of 0.12 and diluted to 1:200 (final concentration 0.5 × 106) before 

application to each NC (Mazher et al., 2013). A standardized 1 x 108 CFU/ml cell 

suspension (OD600 0.12) in butterfield buffer (pH 7.2) was prepared on the day of use. A 

microbe concentration 0.5 x 106 (1:200 dilution of 108) was applied on each connector. 

The procedure for inoculation of each device followed the immersion method as 

described by Menyhay and Maki (2008) and Mazher et al. (2013) to ensure a standardised 

and repeatable process conducted over a number of experiments. The beaker containing 

the cell suspension was placed onto a stirring plate within a biological safety cabinet. NCs 

were removed from the sterile packaging using a sterile haemostat, and the septum and 

Luer thread of the device were immersed in the cell suspension for one hour. The 

contaminated NC was then removed and placed onto a sterile petri dish in the biological 

safety cabinet to air dry for one hour.   

Protocol for decontamination of needleless connectors 

Following air drying of the inoculated NC, decontamination was undertaken using 

one of three different antiseptic methods: 70% IPA wipes (Reynard Health Supplies, 

Havelock North, Hawkes Bay, New Zealand); 70% IPA-impregnated caps (Excelsior 

Medical, Neptune City, NJ); or chlorhexidine gluconate wipes with 2% CHG w/v+70% 

isopropanol v/v (3M, London, Ontario, Canada). The three products were identified in 

the systematic review and meta-analysis (Chapter 2) and clinical practice guidelines (see 

Chapter 1) as currently recommended or possible approaches for NC decontamination. 

At the Phase 2 trial site, the 70% IPA wipes were routinely used for NC decontamination 

(Queensland Government, 2015a). 
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Two decontamination techniques were used: (i) covering the septum and threaded 

area of the NC with the antiseptic wipe, then applying pressure using the thumb and index 

finger to wipe the entire threaded area and the septum of the NC in a back-and-forth 

rotational motion continuously for 5, 15, and 30 seconds (active decontamination) (Satou 

et al., 2018); or (ii) placing the antiseptic cap on the NC septum for 5 minutes (passive 

decontamination) (ICU Medical, 2016).  

Three positive and three negative controls were included for each connector and 

for contamination by each microorganism. The positive control was used to determine 

microbial recovery through each type of NC if no decontamination occurred (Mazher, 

Kallen, Edwards & Donlan, 2013). This provided the baseline measurement against 

which each of the three decontamination techniques could be measured. The negative 

controls were used to demonstrate the integrity of product sterilisation and packaging 

(i.e., no microorganisms were present on the NCs prior to removal from the packaging), 

and the ability to avoid decontamination by the researcher during the experiment. Table 

6 shows the numbers of experiments conducted per NC, exposure to organisms, and 

decontamination product or control. Each experiment was conducted in triplicate (n = 3) 

in keeping with good laboratory practice for repeat testing (Vaux, Fidler, & Cumming, 

2012). The resulting 216 experiments were conducted on each of the three NC design 

types (SmartSite®, MaxPlus® and Safeflow®), providing a total of 648 tests.   
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bacteriostatic and bactericidal effect on microbial growth (Kampf, Shaffer, & Hunte, 

2005). To address this, a CHG neutralising agent non-toxic to microorganisms was added. 

The number of colony counts remaining on each of the connectors was then counted. 

Quality control  

Quality control is essential in in vitro studies to ensure the validity and reliability 

of results through effective, consistent, and reproducible experimental processes (Arora, 

2004). To maintain quality through the inoculation, testing, and analytical stages of the 

experiments, a number of strategies and procedures were followed. 

• Microorganisms were purchased (S. aureus, S. epidermidis, P. aeruginosa, and C. 

albicans) from a biomedical company for in vitro use only (Lago & Abraham, 

2013).  

• The experiments were supervised by an experienced microbiologist.  

• The equipment in the laboratory was maintained and tested as per quality 

protocols, thus ensuring consistent temperatures in the incubators and revolutions 

in the centrifuges.  

• Laminar flow cabinets were decontaminated to ensure sterility.  

• Agar plates were prepared in a laminar flow cabinet to prevent contamination.  

• Laboratory safety rules and safe work practices were followed in the laboratory at 

all times (Arora, 2004). 

Data analysis 

As described above, a known concentration of microbes (0.5 x 106 (1:200 dilution 

of 108) was applied to each connector. The positive controls established that a baseline 

log of 4.03 passed through the connector (or 2.81 log with serum exposure) when no 

connector decontamination was undertaken. Next, the passthrough log was counted for 

each experiment, using the different decontamination methods. As a number of results 

were < 1-log10 a ratio of reduction was determined to provide further detail of the 

remaining counts. The experimental passthrough logs were divided by the positive control 

passthrough log to calculate the proportion (ratio of reduction) of microorganisms 

prevented from passing through. For example, for IPA 5 seconds, the passthrough log 

was 0.89, which divided by baseline log of 4.03 is 0.22, or a ratio reduction of 0.78.  
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To compare the CFU counts resulting from the three products at set time intervals 

of either active (70% IPA; 2% CHG in 70% IPA) or passive (70% AIC) decontamination, 

the difference in colony counts was calculated by dividing the observed count per 

decontamination group by the baseline colony count (positive control). This resulted in a 

percentage of colony counts passing through the NC and was used to calculate the 

percentage of counts for the experiments. As experiments were undertaken in triplicate, 

the mean of the percentages (expressed as a decimal) were compared using a Student’s t 

test (Mazher et al., 2013) and 95% confidence intervals with significance declared at p < 

0.05. Microsoft Excel (Microsoft 365) and Graph Pad Prism (Version 8) were used for 

data management and analysis. 

Subgroup analysis 

Subgroup comparisons were also undertaken of the 70% IPA and 2% CHG in 

70% IPA wipe for differing active decontamination time periods recommended in NC 

decontamination clinical guidelines. Only the National Evidence-Based Guidelines for 

Preventing Healthcare-Associated Infections in National Health Service (NHS) Hospitals 

in England (epic3) (Loveday et al., 2014) and the INS Standards (Gorski et al., 2016) 

commented on specific active decontamination times. The epic3 guidelines recommend 

active decontamination time of 15 seconds and the INS Standards recommend five to 60 

seconds. In this in vitro study, the 5-second active decontamination was compared as this 

was also the standard practice at the site where the pilot RCT was undertaken.  

Ethical considerations 

Ethical approval was not required as the in vitro study design did not involve 

humans or animals.  
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Phase Two – Pilot randomised controlled trial 

Introduction  

This section of Chapter 3 will first give an overview of the function of pilot 

studies, provide the rationale for conducting a pilot RCT, and then outline the methods 

for the pilot RCT. 

Pilot studies undertaken prior to superiority RCTs  

While some authors consider the terms ‘pilot study’ and ‘feasibility study’ 

interchangeable and relating to the testing aspects of a larger study (Thabane et al., 2010), 

other authors have also described them as distinct entities (Arain, Campbell, Cooper, & 

Lancaster, 2010). Pilot studies have been defined as small-scale studies for a larger 

definitive trial, with a focus on testing all the processes to be used in the larger trial with 

a small proportion of the sample size (Arain et al., 2010). Importantly the design of the 

pilot trial mirrors that of the proposed larger study, therefore in an RCT, randomisation 

of participants would take place.  Similarly, feasibility studies are also designed to test 

some areas of a larger trial, such as recruitment and retention, data collection and 

timelines, however they may not follow the same design as the larger study and therefore 

would not need to include randomisation (Arain et al., 2010). It may not be necessary to 

have a control or comparator group in a feasibility study nor specify a primary outcome 

(Arain et al., 2010). A theoretical framework developed by Eldridge et al. (2016) using a 

Delphi survey presented three relevant definitions: (i) Randomised pilot studies that 

reflect part or most of a future definitive trial; (ii) non-randomised pilots that excluded 

randomisation; and (iii) feasibility studies that attempt to address some elements of a 

future trial but do not implement the intervention to be assessed (Eldridge, Lancaster, et 

al., 2016). The question of feasibility (can something be done?) is at the core of each 

study type described by Eldridge et al. (2016); the defining features are how each 

approach resembles key features of the main trial, such as randomisation. The trial 

proposed for this doctoral research uses the term ‘pilot’ as the use of both the intervention 

and randomisation will mirror that expected in the larger trial.  

Four possible functions of a pilot trial have been identified: Process (e.g. 

evaluation of eligibility criteria, recruitment data collection etc.); Resources (assessing 

time and resource problems); Management (determining issues with study personnel and 

data management); and Scientific (assessment of treatment safety and effect size) 

(Thabane et al., 2010). The assessment of Process is not only a primary feature of pilot 
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trials, but also is considered essential to the ethical conduct of larger clinical trials. The 

ethical advantage of a pilot trial is illustrated in the question posed by Thabane et al. (2010 

p.6): “Is it ethical to conduct a study whose feasibility cannot be guaranteed (i.e., with a 

high probability of success)?”. A review of publicly funded trials in the UK reported that 

45% of studies failed to recruit the full sample size (Sully, Julious, & Nicholl, 2013). This 

underpins the importance of assessing eligibility, recruitment, and retention process prior 

to undertaking a larger trial.  

The scientific questions that may be explored within a pilot trial are probably the 

most controversial, albeit also the most commonly reported. In a review of outcomes 

reported by pilot studies that included 22 non-drug trials 41% reported on recruitment, 

21% on treatment compliance, and 5% on success of randomisation, while 82% reported 

on the efficacy of the treatment (Shanyinde, Pickering, & Weatherall, 2011). While 

inferential reporting is commonplace in pilot trials, a number of authors caution against 

formal hypothesis testing due to the lack of precision in group effect size estimates 

derived from small sample sizes. Such outcomes if reported should be viewed cautiously 

as exploratory (secondary) and not confirmatory (primary) due to the underpowered 

nature of pilot studies (Bell, Whitehead, & Julious, 2018; Leon, Davis, & Kraemer, 2011). 

Similarly, the significant effect sizes reported should not be used to estimate sample sizes 

for larger trials (Bell et al., 2018). However, clinical outcomes may assist in determining 

the minimally important clinical difference (i.e., the smallest value that would indicate a 

meaningful difference to patients), which may contribute to an estimation of sample size 

in a large trial (Bell et al., 2018; Kraemer, Mintz, Noda, Tinklenberg, & Yesavage, 2006).  

To address the thesis research questions outlined in Figure 12, the proposed pilot 

trial focused primarily on Process outcomes that explored aspects such as recruitment, 

eligibility, and data collection. Scientific findings were reported as secondary outcomes. 

As no data from existing RCTs indicated a rate of CABSI specific to NC decontamination, 

any differences in rates of CABSI between groups was cautiously explored for 

contribution to a sample size for a larger trial.  

The consideration of sample sizes for pilot trials is an area of considerable debate. 

As pilot trials do not have the same objectives of fully powered trials in terms of 

hypothesis testing, formal sample size determinations based on power to detect 

differences do not apply; however, a justification is needed for the sample size to illustrate 

that it is sufficient to assess the required outcomes (Whitehead, Julious, Cooper, & 

Campbell, 2016). There are various approaches cited in the literature for justifying pilot 
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study sample sizes. ‘Rules of thumb’ approaches have been suggested that recommend 

minimum sample sizes per group ranging from 12 to 30 participants (Browne, 1995; 

Julious, 2005). If the standardised effect size or confidence interval is available, that may 

also be used to calculate an appropriate sample (Hertzog, 2008; Whitehead et al., 2016). 

When the effect size is not known, but the standardised difference in the main trial is 

likely to be within a range (e.g., small, medium, or large), a stepped rule of thumb 

approach can be used (Hertzog, 2008; Whitehead et al., 2016).  

Rationale for conducting the pilot RCT within the MRC framework 

As detailed in Figure 10 (page 49), the MRC framework underpins the rationale 

and process for the conduct of a pilot study. In the Developmental stage of the framework, 

the findings of the systematic review and meta-analysis highlighted the gap in policy, 

practice, and research, as previously only pre-test/post-test studies have been conducted. 

To reiterate from Chapter 2, ten studies compared active versus passive decontamination 

with 70% IPA wipes versus 70% IPA-impregnated cap, with only two studies comparing 

active decontamination using 70% IPA wipes compared to 2% CHG in 70% IPA wipes. 

Chlorhexidine gluconate wipes in various strengths are increasingly being used for NC 

decontamination with little evidence to support this practice (Pichler et al., 2014; Soothill 

et al., 2009). The currently low-level evidence available in this field indicates the need to 

conduct a superiority RCT; however, these are time-consuming and costly to undertake. 

Hence the Feasibility/Piloting phase of the MRC framework indicated the need to conduct 

a pilot RCT to determine if a fully powered RCT would be feasible. Pilot studies can be 

used to assess levels of patient willingness to participate in the study, number of available 

recruits, how the study products perform as part of the pilot RCT, and the validity of the 

data collection tools (Blatch-Jones, Pek, Kirkpatrick & Ashton-Key, 2018). All of this 

information was necessary to determine whether a fully powered RCT would be feasible. 

Review of current NC decontamination practices relevant to a pilot RCT 

As discussed in Chapter 1, the standard for the decontamination time and the 

optimal decontamination solution (antiseptic) varies between guidelines. For example, 

the CDC guidelines advise NC decontamination with a chlorhexidine in alcohol 

preparation, but do not mention a specific duration for this procedure, other than stating 

that for 70% alcohol solution, less than five seconds is inadequate (O'Grady et al., 2011). 

The INS Standards propose a range from five to 60 seconds of active decontamination 

(Gorski et al., 2016). Therefore, five seconds of active decontamination was selected as 



 

Julie Flynn s2785628 Methodology Page 67 

a suitable duration for the control group, which also equated to the standard practice 

current at the trial site at that time.  

The epic3 guidelines recommend NC disinfection for a minimum of 15 seconds 

with 2% chlorhexidine gluconate (CHG) in 70% IPA, then allow it to dry prior to 

accessing the system (Loveday et al., 2014). Hence 15 seconds of active decontamination 

with a 2% CHG in 70% IPA wipe was suitable for this arm of the study.  

Two guidelines (RCN and INS) suggested an alternate approach to active 

decontamination: the single-use 70% IPA-impregnated cap that is left in place on the NC 

between use (Denton et al., 2016; Gorski et al., 2016). Several pre-test/post-test studies 

(Cameron-Watson, 2016; DeVries & Berlet, 2010; Kamboj et al., 2015; Merrill et al., 

2014; Nicolás, Casariego, Romero, García, Diaz & Perez, 2015; Patel, Boehm, Zhou, 

Zhu, Peterson, Grayes et al., 2016; Ramirez et al., 2012; Stango et al., 2014; Sweet et al., 

2012; Wright et al., 2013) have tested this method against the 70% IPA swab. All studies 

concluded that the IPA cap reduced the rate of BSI or contamination rates. Only two 

studies cited a specific duration of three minutes for the IPA cap to be in place for passive 

decontamination (Cameron-Watson, 2016; Merrill et al., 2014). The minimum contact 

time for the 70% IPA cap to be effective against microorganisms is unknown; however, 

manufacturers recommend a minimum of five minutes (3M., 2020; ICU Medical., 2020). 

In this study, a minimum duration of five minutes was deemed adequate for contact 

between the IPA cap and NC based on manufacturer recommendations (ICU Medical., 

2020).  

Objective of the pilot trial  

The objectives of this pilot trial were firstly to assess the feasibility of conducting 

a superiority RCT and, secondly, to compare NC decontamination products 70% IPA 

wipes; 2% CHG in 70% IPA wipes; and a 70% IPA-impregnated cap to prevent CABSI.  

Research questions:  

Question 1:  

Is it feasible to conduct an adequately large RCT to detect statistical differences 

in CABSI between three NC decontamination techniques, considering eligibility, 

recruitment, retention, attrition, protocol compliance, and missing data? 
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Question 2:  

In patients with a CVAD, what incidence of CABSI should be used to calculate the 

sample size of future large trials that compare NC decontamination with a 2% CHG in 70% 

IPA wipe (intervention 1), a 70% IPA-impregnated cap (intervention 2), or a 70% IPA wipe 

(control)? 

Target criteria for assessment of feasibility   

As the aim of the pilot trial was to assess whether a larger study would be possible, 

specific criteria for the assessment of feasibility, sometimes referred to as progression 

rules, should be clearly established. Although there are currently no clearly defined 

criteria or standards for the assessment of feasibility (Mbuagbaw et al., 2019), three 

common feasibility criteria for pilot trials have been suggested: i.e., trial recruitment, 

protocol adherence, and collection and completion of study data (Avery et al., 2017). The 

targets within these criteria that need to be met to indicate feasibility can be based on 

those used in previous similar studies (Avery et al., 2017).  

The selection of feasibility outcomes was based on a literature review and MRC 

stakeholder expert opinion (Avery et al., 2017) and on criterion targets from previous 

vascular access pilot trials (Keogh et al., 2016; Marsh et al., 2015). Therefore, it was 

determined that it would be considered feasible to conduct a superiority RCT if the 

following conditions were met in the pilot study:  

• At least 80% of screened patients would be eligible 

• At least 80% of eligible participants would be enrolled 

• At least 80% rate of protocol compliance (participants who receive their allocated 

treatment)  

• Less than or equal to 5% of participants lost to follow up or withdrawal from study 

without access to final data collection at 48 hours post exit from the study  

• Less than 5% errors incurred during data collection and entry. 

Hypotheses for feasibility  

The hypothesis for the feasibility outcomes of the pilot RCT were based on the 

interpretation provided by Thabane et. al (2010): 
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H1 : All criteria will be met and trial is feasible without modification.  

H2 : One criterion not be met and trial is feasible with close monitoring. 

H3 : Two – three criteria not be met and trial is feasible with modification.  

H4 : Four or more criteria not be met and trial is not feasible.  

Hypothesis for CABSI  

To replicate the research question for testing in a superiority trial, the following 

hypotheses for difference in CABSI rates were proposed:  

Null hypothesis (H1): There will be no difference in rates of CABSI between groups. 

Alternate hypothesis (H2): There will be a significantly lower rate of CABSI in the 

2% CHG in 70% IPA group compared to the control group. 

Alternate hypothesis (H3): There will be a significantly lower rate of CABSI in the 

70% IPA-impregnated NC cap group compared to the control group. 

Design/methodology 

A parallel, single-blind, pilot randomised control trial was conducted in adult 

patients with a CVAD.   

Setting/location. 

The study recruited participants located in a public metropolitan hospital: The 

Royal Brisbane & Women’s Hospital, Queensland, Australia, a 929-bed tertiary referral 

teaching hospital, the largest provider of healthcare services in Queensland with more 

than 90,000 patients admitted annually. 

Study population. 

The study population included eligible adult hospitalised patients undergoing 

treatment that required insertion of a peripherally inserted central catheter (PICC) 

undertaken in the infectious diseases or radiology procedure rooms. The study population 

was drawn from cancer care, medical, and surgical areas. The cancer care services 

participants were from the haematology department, and diagnosed with lymphoma or 

leukaemia undergoing chemotherapy treatment. The surgical participants were from 

oncology, general surgery (emergency and elective), orthopaedic, and vascular wards. 

Only patients with a PICC were recruited, as those with a tunnelled cuffed catheter (e.g., 



 

Julie Flynn s2785628 Methodology Page 70 

Hickmann) were being recruited to a separate medical research study. This avoided data 

conflicts and confounding that may arise from a participant’s involvement in unconnected 

clinical trials. Patients receiving CVADs incorporating a totally implantable port (e.g., 

PortacathTM) were also not included as insertion of these types of devices was rarely 

undertaken in the two procedure rooms involved in recruitment. The predictably smaller 

numbers of implantable ports might also introduce further confounding variables in 

limited sample size. A broad hospital population was sampled to determine optimal 

feasibility and generalisability. Any sampling inequity could then be addressed as 

required in the main trial protocol.  

Eligibility criteria. 

The eligibility criteria were determined to support the primary outcome of the 

study in terms of feasibility of recruitment of a population representative of those likely 

to require and receive a CVAD within the study timeframe (Stanley, 2007). Furthermore, 

while the use of CVADs may be more common in some patient groups, the complication 

of CABSI is not limited to any particular patient group or diagnosis (Tedja et al., 2014; 

Yébenes et al., 2004). Preliminary work was undertaken during protocol development to 

identify patient groups that were more likely to receive a CVAD and require the device 

to remain in situ for at least seven days. Although CVAD insertion data with regards to 

patient type is routinely collected in the procedural rooms, the date of removal of the 

CVAD was not. CVAD removal data was recorded in the patient medical records, and 

this documentation was inconsistent. The preliminary work suggested that while surgical 

patients were the largest group receiving CVADs, length of hospital stay and duration of 

CVAD insertion were less predictable, due to the variety in indications, course of and 

response to treatment. Cancer patients were a smaller population, but the duration of the 

CVAD was more reliable. Advice from relevant clinicians suggested that a pragmatic 

approach would be to communicate with the treating medical officer regarding the 

likelihood of the patient requiring the CVAD for at least seven days. The variation in 

CVAD duration was an important outcome for feasibility when determining suitable 

populations for inclusion in a larger trial. Hence, suitability for participation in the study 

focused on the following criteria: 

Inclusion criteria:  

• Patients ≥ 18 years of age 
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• Requiring a CVAD to be inserted for ≥ seven days based on an expectation from 

the ordering physician for the duration of treatment at the time of insertion  

• Able to provide informed consent  

Exclusion criteria:  

The exclusion criteria aimed to omit participants with concurrent conditions that 

could act as confounders, such as current BSI. The study did not have sufficient resources 

for translation of trial information (e.g., consent forms) into languages other than English, 

or for the provision of interpreters outside of normal clinical use, therefore non-English-

speaking participants were excluded. Therefore, the following exclusion criteria were 

applied: 

• Current bloodstream infection within the previous 48 hours 

• Non-English speaking without an interpreter 

• Previous recruitment to study in current hospital admission (only one CVAD to 

be studied per patient) 

Recruitment. 

On a daily basis (Monday to Friday) the student investigator reviewed the CVAD 

insertion list and liaised with the unit clinical lead to identify all potentially eligible 

participants hospitalised over the study period. Patients initially deemed suitable were 

approached by the ward nurse to ascertain their willingness to consider participation. If 

agreeable, patients were then provided with written information regarding the trial and a 

verbal explanation from the investigator (Figure 13). They were given time to consider 

the information and the opportunity to ask questions and have these answered. If the 

patient consented, they were asked to sign a consent form. A form detailing recruitment, 

compliance, and data entry processes was provided to research nurses. (Appendix U and 

V)  
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Figure 13: Proposed participant recruitment and allocation. 

 

Control and intervention groups. 

Control: Participants allocated to this group had their CVAD NCs decontaminated using 

a 70% IPA disposable swab (0.6 mL) (Reynard, New Zealand). Prior to any procedure 

requiring CVAD access, the NCs were swabbed for five seconds and allowed to visibly 

dry. This approach was standard care in the participating units. 

Intervention 1: Participants allocated to this group had their CVAD NCs decontaminated 

using a 2% CHG + 70% IPA disposable swab (0.6 mL) (Reynard, New Zealand). Prior 

to any procedure requiring CVAD access, the NCs were swabbed for 15 seconds and 

allowed to visibly dry.  

Intervention 2: Participants allocated to this group had their CVAD NCs decontaminated 

using a 70% IPA-impregnated cap (SwabCap, ICU Medical, USA). The caps were 

screwed into place on the NC and remained in place until nursing staff were required to 

administer medications via the connector. The cap was then discarded, and a new one 

applied once each treatment had been completed. The cap could stay in position for up to 

one week and needed to be in position for at least five minutes prior to use so that 

decontamination could take effect (ICU Medical., 2020). 

Outcomes. 

Primary/feasibility outcomes. 

Based on the process-related functions of pilot studies described by Thabane et 

al. (2010), the primary feasibility outcomes were:  
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• Proportion of screened patients potentially eligible 

• Proportion of eligible participants recruited 

• Reasons for non-participation (measured at time of declining to participate) 

• Rates of trial protocol compliance to ensure that following allocation the correct 

product was continuing to be used. (random bi-weekly checks by research 

assistants. See Trial Fidelity) 

• Proportion lost to follow up or withdrawn participants (defined as unable to access 

final demographic and/or clinical outcome data 48 hours after CVAD removal, 

discharge from hospital or transfer to another hospital/unit)  

• Completeness and accuracy of data collection (independent weekly review of data 

entered into the trial database for missing data)  

Feasibility outcomes were measured at the time of screening, request for consent, 

and at device removal, patient discharge, or four weeks after recruitment, unless otherwise 

stated. 

Secondary outcomes.  

• Duration from CVAD insertion to removal (dwell time < or > seven days) and 

reasons for removal as recorded in clinical documentation (measured at study 

completion) 

• Rates of CABSI per 1,000 catheter days (determined by criteria defined in Table 

7) 

• Rates of catheter-related bloodstream infection per 1000 catheter days 

(determined by criteria defined in Table 7) 

• Rates of MBI-LCBI: mucosal barrier injury laboratory-confirmed bloodstream 

infection (determined by criteria defined in Table 7). 

• Rates of CVAD tip colonisation of  > 15 CFU (colony-forming units) (Maki et al., 

1977) 

• Rates of insertion site infection (extraluminal) determined by visual inspection 

and positive skin swab) 

• Rates of any type of bloodstream infection determined by positive blood culture 
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• Type and proportion of specific microorganisms present within the NCs. 

Approximately 10% of participants had a NC examined by a research 

microbiologist for identification and quantification of residual microorganisms 

(measured during participant enrolment of study)  

• Rates of participant mortality within 48 hours of participant trial completion. 

While specified as a secondary outcome, the duration from CVAD insertion to 

removal (dwell time < or > seven days) and reasons for removal are important feasibility 

data with relevance for a future trial using the same time parameters.   

Data for the secondary outcomes used laboratory results from pathology 

specimens collected by clinical staff in response to suspected CVAD-related infections. 

The CABSI outcome (yes/no) was made by a blinded rater who was provided with de-

identified information. Only one CVAD per patient was studied, not subsequently 

inserted CVADs; thus, the patient was the unit of measurement. Secondary outcomes 

were measured at device removal, patient discharge, or four weeks after recruitment, 

unless otherwise stated. 

 

 

 

 

  



 

Julie Flynn s2785628 Methodology Page 75 

Table 7: Bloodstream infection definitions 

CRBSI definition (APIC, 2009): 

Criteria 1: Same organism grown from at least one percutaneous blood culture and from 

the catheter tip, OR 

Criteria 2: Two blood cultures taken, one from the CVAD hub and one from a peripheral 

vein, with the CVAD culture positivity > 2 hours versus the peripheral culture. 

CABSI definition (CDC, 2016): 

A laboratory confirmed bloodstream infection (LCBI) where a CVAD was in place for > 

2 calendar days on the date of event, with day of device placement being Day 1, AND 

The line was also in place on the date of event or the day before. If a CVAD was in place 

for >2 calendar days and then removed, the date of event of the LCBI must be the day of 

discontinuation or the next day to be a CABSI.  

LCBI definition (CDC, 2016): 

LCBI 1: Patient has a recognised pathogen cultured from one or more blood cultures 

AND the organism cultured is not related to an infection in another area of the body 

(CDC, 2014), OR 

LCBI 2: Patient has at least one of the following signs or symptoms – fever, chills or 

hypotension, AND a positive cultured organism that is not related to an infection in 

another area of the body, AND the same common contaminant is cultured from two or 

more blood cultures drawn on separate occasions (CDC, 2014). 

MBI-LCBI definition (CDC, 2016): 

MBI-LCBI 1: Patient of any age meets criterion 1 for LCBI with at least one blood culture 

growing any of the following intestinal organisms with no other organisms isolated: 

Bacteroides spp., Candida spp., Clostridium spp., Enterococcus spp., Fusobacterium spp., 

Peptostreptococcus spp., Prevotella spp., Veillonella spp., or Enterobacteriaceae (CDC, 

2014) OR 

MBI-LCBI 2: Patient of any age meets criterion 2 for LCBI when the blood cultures are 

growing only viridans group Streptococci with no other organisms isolated (CDC, 2014). 

MBI-LCBI 1 & 2 also need to meet one of the following: 

Is an allogeneic hematopoietic stem cell transplant recipient within the past year with one 

of the following documented during same hospitalisation as positive blood culture: 

Grade III or IV gastrointestinal graft versus host disease  

o ≥ 1 litre diarrhoea in a 24-hour period (CDC, 2014) 

o Neutropenic, with absolute neutrophil count or total white blood cell count < 

500 cells/mm (CDC, 2014). 

CRBSI, catheter-related bloodstream infection; CABSI, catheter-associated bloodstream infection; MBI-

LCBI, mucosal barrier injury laboratory-confirmed bloodstream infection. (Also see Appendix R) 
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Sample size.  

As discussed, there are a number of approaches to determining the sufficient 

sample size to assess the feasibility outcomes. Pilot studies need to consider the efficient 

use of resources, and larger sample sizes may not proportionally increase the precision 

with which the feasibility outcomes are determined (Julious, 2005). Based on the ‘rule of 

thumb’ sample size for pilot studies suggested by Browne (1995) and Julious (2005), a 

minimum of 30 participants per group is a valid sample size to test feasibility outcomes 

and identify any issues that would justify modification to the protocol. This is similar to 

sample sizes reported in previous pilot trials with feasibility outcomes (Keogh et al., 2016; 

Ullman et al., 2017). 

Pilot trial sample sizes are also determined to allow estimation of effect sizes to 

be used for the main trial sample size calculation (Whitehead et al., 2016). Therefore, the 

sample size was also selected considering the secondary outcome of CABSI, to provide 

an estimate of its likely incidence and the effect sizes of the interventions that would 

inform the sample size of future large RCTs that use CABSI as the endpoint. Ideally, if 

the effect size for an intervention is known or can be reliably estimated, then the sample 

size can be calculated proportionate to a larger trial (Whitehead et al., 2016). When the 

standardized effect size is not known, there are a number of ‘rules of thumb’ that have 

been proposed based on a standardized difference that may be considered by researchers 

clinically relevant to the population (Hertzog, 2008; Thabane et al., 2010; Whitehead et 

al., 2016).  

The effect size of the tested NC contamination methods on CABSI has not been 

reliably established in previous studies. A systematic review of studies comparing NC 

design in CVADs reported an overall CABSI rate of 1.5/1000 catheter days (Tabak et al., 

2014). The mean incidence of CABSI in the systematic review and meta-analysis 

undertaken for this thesis (Chapter 2) in similar adult populations (adult ICU and 

oncology) was 2.19/1000 catheter days (Kamboj et al., 2015; Sweet et al., 2012; Wright 

et al., 2013). The effect size reported in these three studies ranged from 0.2–0.7; however, 

all the included studies were pre-test/post-test design, which may inflate differences 

between groups (Morris, 2007). It was estimated that a standardized mean difference of 

0.3 in CABSI would be clinically relevant in a larger trial. Based on the ‘rule of thumb’ 

recommendations for pilot study sample sizes for estimated ‘small’ standardized 

differences (0–0.3) from both Whitehead et al. (2016) (20 participants per group for 80% 

power to detect statistical differences) and Hertzog (20–30 participants per group). Given 
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the uncertainty of the incidence of NC-related CABSI, a conservative sample size of 40 

participants per group was chosen.  

However, prior to commencement of recruitment a change in distributer 

ownership supplying the SwabCap® triggered an audit of the supply chain by the 

Therapeutic Goods Administration that delayed the commencement of the study by six 

months. To complete the study within the required timeframe a pragmatic decision was 

taken to reduce the sample size to 30 participants per group (90 in total). The total sample 

size of 90 inclusive of 10% for attrition was sufficient to address the primary outcome of 

study feasibility; however, it was not specifically powered for the exploratory secondary 

outcomes.  

Randomisation and blinding. 

Randomisation was computer-generated and undertaken electronically using an 

independent centralised service. Once written consent was provided, the student 

investigator accessed the service to randomise the patient at the time of participant entry 

to the study. Permuted blocks of randomly varied size to avoid allocation prediction were 

generated using a 1:1:1 ratio to the two interventions and the control groups. Stratification 

by patient group (e.g., haematological cancers, general or vascular surgery) was 

considered with the aim of achieving balanced numbers of participants between groups; 

however, following a review of the literature and statistical advice this was not 

undertaken. A number of authors caution against stratification in small sample sizes, as 

overall imbalance may be just as likely with stratified blocks as with simpler unstratified 

approaches (Hallstrom & Davis, 1988; Therneau, 1993). The CONSORT extension for 

pilot studies also reflects this (Eldridge, Chan, et al., 2016). In terms of feasibility, 

imbalance in diagnostic groups may be useful information for consideration for 

stratification in a larger trial.  

Due to the nature of the interventions it was not be possible to blind clinicians or 

patients; however, the microbiologist and hospital laboratory scientists and CABSI rater 

were blinded to treatment group. 

NCs and CVADs use and procedures. 

Two different models of NC were used in the trial: SmartSite® and MaxPlus®, 

both manufactured by Becton Dickinson (US). The SmartSite® NC is a negative 

displacement design, whereas the MaxPlus® is a positive displacement NC. The two NCs 
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were included in the trial because they were used in clinical practice at the trial site, 

specifically the SmartSite® in cancer care and the MaxPlus® in surgical units. The NC 

attached to the catheter hub was changed every seven days. CVAD care was managed 

based on state Health Department guidelines (Queensland Government, 2015a). The 

PICCs were inserted by registered nurses or medical technicians in the radiology 

department or the procedure room of the infectious diseases department. Patients had their 

IV infusion lines changed every third day. Provisional evidence of infection—such as a 

temperature of 38 °C or greater in the cancer care population, or 38.5 °C or greater in the 

surgical wards—was an indication for collection of blood cultures. Review by medical 

staff determined if a CVAD was required to be removed. Research staff and investigators 

were not involved in the decision to remove CVADs or to undertake blood cultures. 

Medical staff ordered blood cultures as required.  

Data collection. 

Data was entered directly into REDCap (Research Electronic Data Capture) 

(Harris et al., 2019; Harris et al., 2009) using a portable electronic device. Specific data 

variables recorded in the trial database relevant to the research questions for the pilot trial 

are detailed in the Data Collection Logic Model (Table 8). Measurements of skin integrity 

and estimated weight category were included in the participant data, as they have been 

used in studies of peripheral intravenous catheters as both measurements of acuity and 

related to device insertion failure (Keogh et al., 2016; Marsh et al., 2018). Previous studies 

have identified anti-microbial therapy, chemotherapy, and total parenteral nutrition 

(TPN) as common treatments administered via the CVAD (Grau, Clarivet, Lotthé, 

Bommart, & Parer, 2017; Spires et al., 2018). Dominant versus non dominant side 

insertion has also been reported in previous CABSI studies (Mollee et al., 2017). Data for 

medications administered via the CVAD was coded to describe common therapeutic use 

of the CVAD in the sample. 
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Table 8: Data collection logic model 

Objectives of the 
research program 

related to the pilot RCT 

Research questions Data variable (REDCap) 

Assess the feasibility of 

conducting a superiority 

RCT to compare: 

70% IPA wipes;  

70% IPA with 2% CHG 

wipes; and  

70% IPA-impregnated 

cap 

Is it feasible to conduct an 

adequately large RCT to 

detect statistical differences 

in CABSI between three 

NC decontamination 

techniques, considering 

numbers of participants 

screened, eligibility, 

recruitment, retention, 

attrition, protocol 

compliance and missing 

data? 

• Entry criteria 

• Exclusion criteria  

• Cognitive/delirium risk  

• Consent  

• Consent withdrawal  

• Randomisation 

• Participant data  

- Ward location  

- Dominant side 

- Weight category 

- Diagnosis 

- Co-morbidities 

- Evidence of existing 

infection 

- Skin integrity 

- Current IV antibiotic therapy 

- Total parenteral nutrition 

- Other medications 

administered through CVAD 

- IV medication frequency 

• Compliance checks 

• Device outcome 

- Date/ time of removal  
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Table 8 continued 

Compare NC 

decontamination 

products to prevent 

CABSI: 

70% IPA wipes;  

70% IPA with 2% CHG 

wipes; and  

70% IPA-impregnated 

cap 

In patients with a CVAD, 

what incidence of CABSI 

should be used to calculate 

the sample size of future 

large trials that compare 

NC decontamination with a 

2% CHG in 70% IPA wipe 

(intervention 1), a 70% 

IPA-impregnated cap 

(intervention 2), or a 70% 

IPA wipe (control)? 

• Randomisation  

• Device data  

• Compliance checks 

- Device present  

- Dressing status 

- Medication frequency 

- Medication type 

• Device outcome 

- Date/ time of removal  

• Complications at time of removal 

• IV medications at time of 

removal  

• Patient outcomes 

- Insertion site swab results 

- Mortality 

• Serious adverse events 

• Blood culture collection and 

results 

• Rates of participant mortality 

within 48 hours of participant 

trial completion     

RCT, randomised controlled trial; REDCap, Research Electronic Data Capture; CABSI, catheter-

associated bloodstream infection; NC, needleless connector; IPA, isopropyl alcohol; CHG, chlorhexidine 

gluconate; IV, intravenous; CVAD, central venous access device 

 

The student investigator reviewed participants and their medical notes twice per 

week until 48 hours after the participant was no longer in the study, to assess for adverse 

events (e.g., bloodstream infections) and therapy given through the NC (e.g., blood 

transfusions). Other data such as blood culture reports were obtained by the student 

investigator from patient charts, notes, and computer systems.  

Once a patient was no longer in the trial, laboratory results for blood, tip, 

discharge, and other cultures were reviewed to extract data for infection and mortality 

outcomes. A blinded medical rater was supplied with the data to rate infection outcomes. 

Approximately 10% of participants had a NC subjected to microbiology testing in the 

research laboratory to determine if bacteria had grown on the internal NC surface; NCs 
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are usually discarded in clinical practice. The student investigator liaised with ward staff 

to ascertain when the patient was due for a line change so that the NC could be collected 

when no longer required. The NC was then placed into a specimen jar for storage in a 

refrigerator for a maximum of seven days, whereupon the microbiologist collected the 

NC for transport to the Griffith University laboratory. A paper-based survey of registered 

nurses’ use and satisfaction with the interventions was undertaken as part of the larger 

multi-centre study, of which the pilot study described here was one part (Rickard et al., 

2020). See Appendix H-Q for data forms. 

Trial fidelity. 

In the pilot study, there was the potential for cross-over between groups, resulting 

in protocol violations if nurses used the incorrect decontamination product. A number of 

strategies were employed to minimise cross-over and maintain treatment fidelity, 

specifically: 

• Education and in-service presentations, conducted by the student investigator, 

were provided to nurses for one month prior to the commencement to the study. 

A record was kept of staff who had completed the sessions, with approximately 

80% of nurses attending the sessions prior to study commencement (Borrelli, 

2011).  

• The allocated product requirements were discussed with patients and they were 

encouraged to remind nurses which arm of the study they were allocated to if 

possible. 

• Initially, a label was attached to each NC to indicate which arm of the trial the 

participant was allocated to; however, this was was discontinued because it was 

not tolerated by nursing staff as it interfered with NC access. 

• A sign in the bedside chart and on the patient’s bed indicated which arm of the 

trial the participant was allocated to. 

• For those participants allocated to groups requiring NC swabbing, a container 

located at the bedside held a supply of the allocated wipes and included 

instructions for swab/drying times for the allocated group. 

• A one-page fact sheet was made available to all staff in the participating wards 

(Borrelli, 2011).  
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• Twice-weekly visits were attended to conduct audits of product supplies. The 

student investigator was also available for any questions or concerns of ward staff 

(Spillane et al., 2007). 

• The student investigator periodically questioned nursing staff regarding their use 

of the allocated intervention to assess compliance and the need for further in-

service to improve adherence to the study protocol (Spillane et al., 2007).  

• For the protocol compliance outcome of ‘Yes’, both checks, stock counts and 

verbal questioning of staff needed to be complete to confirm the allocated product 

was being used. The checks were marked ‘unclear’ if the nurse could not be 

contacted; it was then determined by the student investigator that the use of the 

randomised product could not be confirmed. Compliance checks were recorded 

as ‘No’ when there was no evidence of stock use and/or no indication of use by 

the nursing staff questioned. This data was then analysed and presented as the 

percentage of the total of bi-weekly checks undertaken.  

Direct observation of nurses’ compliance with the use of the allocated product was 

considered as a means of monitoring compliance; however, this would have required the 

student investigator to be present at the exact moment the NC was accessed; this was 

deemed impractical and outside the resource capability of the trial. 

Statistical analyses 

Data were checked for completion and imported into SPSS (IBM SPSS Statistics 

for Windows, Version 25.0. Released 2017. Armonk, NY: IBM Corp) from the REDCap 

database. An intention-to-treat analysis approach was used: i.e., analysis by allocated 

groups regardless of interventions actually received during the course of the trial. This is 

considered a ‘gold standard’ approach to RCT analysis as it preserves the distribution of 

confounding variables through randomisation and reduces the likelihood of over 

estimation resulting from the removal of non-compliant participants (Heritier, Gebski, & 

Keech, 2003). The data analysis plan and relevant trial outcomes are presented in Table 

9. 

Descriptive statistics were used to summarise demographics and diagnostic 

groups, and to assess comparability of groups at baseline; formal statistical testing of 

baseline data was not undertaken. The CONSORT statement specific to pilot trials states 

that while baseline data is important for generalisability baseline statistical comparison 
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of groups is not advised, as differences are more likely to occur in smaller sample sizes. 

Furthermore, as pilot trials are underpowered for inferential outcomes, baseline 

imbalances would not be suggestive of bias (Eldridge, Chan, et al., 2016).  

Data related to the primary feasibility outcomes were tabulated as counts and 

percentages, reported descriptively, and analysed against the previously mentioned 

feasibility criteria. Relationships between compliance variables and allocated group was 

explored using Chi square and relative risk (RR), with 95% confidence intervals (CI) as 

appropriate. Kaplan-Meier survival curves (with log rank test) compared CVAD duration 

between groups over the course of the study time.  

The feasibility of the statistical analysis that would be used in a larger trial was 

also tested, and exploratory inferential statistics generated. However, due to the pilot 

design, no conclusions on the comparative effectiveness of the interventions were made 

from the results. Relative incidence rates were planned for CABSI, along with 95% CIs, 

and Cox regression to test for potential difference between study groups. However, in the 

absence of any CABSI, this analysis was instead undertaken for the outcome of positive 

blood culture. The testing for potential statistical differences between groups may allow 

an estimation of the required sample size for a larger trial. The unit of analysis was one 

CVAD per participant. A p value of ≤ 0.05 was considered statistically significant.  
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Table 9: Data analysis plan for primary and secondary outcomes  

Progression targets Data variable 

(REDCap) 

Analysis 

(SPSS) 

Primary feasibility outcomes  

• Proportion of screened patients who are 

potentially eligible (> 80% eligible)  

• Proportion of eligible participants who 

are recruited (> 80% recruited)  

• Reasons for non-participation  

• Compliance with the trial interventions 

to ensure that following allocation the 

correct product was continuing to be 

used (> 80% compliance)  

• Proportion lost-to-follow-up or 

withdrawn participants (< 5%) 

• Completeness of data collection for 

primary and secondary outcomes 

(independent weekly review of data 

entered into the trial database for 

missing data) (< 5%)  

• Inclusion criteria 

• Exclusion criteria  

• Consent  

• Consent withdrawal  

• Randomisation 

• Intervention 

compliance checks 

• Data compliance 

checks  

 

 

 

Categorical data  

n (%) 

 

Relative risk (RR) 

 

Chi square  

Secondary outcomes 

• Duration from CVAD insertion to 

removal and reason 

• Rates of CABSI per 1000 catheter days  

• Rates of any type of bloodstream 

infection determined by positive blood 

culture 

• Rates of catheter-related bloodstream 

infection per 1000 catheter days  

• Rates of MBI-LCBI  

• Rates of CVAD tip colonisation > 15 

CFU  

• Rates of insertion site infection 

(extraluminal)  

• Type and proportion of specific 

microorganisms present within the NCs 

• Rates of participant mortality within 48 

hours of participant trial completion   

• Randomisation  

• Device data  

• Device outcome 

• Complications at 

time of removal 

• Patient outcomes 

• Blood culture 

collection and results 

• Catheter tip culture 

• Skin swab culture 

• NC culture 

Kaplan-Meier survival 

curves (with log rank 

test)  

 

Relative incidence 

rates with 95% 

confidence intervals 

 

Cox regression 

(proportional hazards)  

 

Kaplan-Meier survival 

curves (with log rank 

test) 

CVAD, central venous access device; CABSI, catheter-associated bloodstream infection; MBI-LCBI, 

mucosal barrier injury laboratory-confirmed bloodstream infection; CFU, colony forming units; NC, 

needleless connector.  
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Ethical considerations 

The trial was approved by the Royal Brisbane and Women’s Hospital Human 

Research Ethics Committee (HREC) (HREC/15/QRBW/553) (Appendix S) and the 

Griffith University HREC (GU Ref No: 2016/410) (Appendix W). Registration with the 

Australian New Zealand Clinical Trials Registry (ANZCTR) was also completed 

(ACTRN: 12615001120561). All three methods tested were already used by various 

hospitals around the world, so there was no risk to participants higher than that inherent 

in current practice. Eligible patients were given an Information Sheet, and it was ensured 

that they had time to read this, fully understand it, and had an opportunity to ask questions. 

If consent was given, the participants received a copy of the Information Sheet, Consent 

Form, and Revocation of Consent Form in the event that they wished to withdraw. 

Adverse events were recorded, and serious adverse events were reported to the HREC. 

The principles of the NHMRC National Statement on Ethical Conduct for Human 

Research (2018b) was adhered to throughout the conduct of the study. Anonymity and 

confidentiality of information was protected. Data storage was electronic and secured by 

username and password access. Any non-electronic data were stored in a locked cabinet 

in a locked room. The investigator ensured that this study was conducted in full 

accordance with the principles of the Declaration of Helsinki (World Medical 

Association, 2018). A Data Safety Monitoring Committee was not convened for this pilot 

trial since the timeframe for recruitment was short; however, serious adverse events data 

were collected, due to the possibility of allergic reactions to chlorhexidine (National 

Health and Medical Research Council, 2019). 

Aboriginal and Torres Strait Islander peoples. 

The NHMRC National Guidelines for Ethical Conduct in Aboriginal and Torres 

Strait Islander Research (2018a) were followed. Aboriginal and Torres Strait Islanders 

represent approximately 3.5% of patients at the participating site. Recruitment was 

designed with the aim of ensuring all patients who fit the criteria were offered 

participation in the study. We assumed that a small number of these would be Aboriginal 

and Torres Strait Islanders. 

Validity 

In a large RCT that aims to explore cause and effect, internal validity is concerned 

with the degree to which the study design exerts control of extraneous and confounding 

variables (Slack & Draugalis, 2001). However, internal validity can be compromised by 
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the inadequate piloting of key aspects of the study design, such as recruitment, retention, 

and treatment allocation. The key goal of the pilot study was to identify and modify 

aspects of the trial design that may threaten the viability and internal validity of the larger 

study (Kistin & Silverstein, 2015).  

As the pilot study replicates aspects of the larger trial such as randomisation, 

treatment compliance, and data collection, similar strategies that would apply to the main 

trial are required to ensure internal validity (Thabane et al., 2010). Internal validity for 

this pilot trial was maintained by following the registered and published trial protocol 

(Flynn, Keogh, et al., 2017), with adherence to reporting safeguards to minimise bias. 

Computer-generated randomisation and allocation were provided by the Griffith 

University Randomisation Service. The independent randomisation service ensured full 

compliance with best practice standards and guidelines, including allocation concealment 

until randomisation. The study interventions were not amenable to blinding of patients, 

family members, clinical staff, or research staff; however, the rater for the positive CABSI 

was blinded to the study group. It is highly unlikely that they would have sabotaged the 

trial and caused CVAD failure or complication because of any preference for one or other 

intervention. With an intention-to-treat approach, all participants were accounted for in 

the final analysis following randomisation. 

For pilot studies the external validity (or generalisability) of the outcomes refer to 

the demonstration of feasibility or identification of what modifications in trial design 

would be required (Thabane et al., 2010). While the terms external validity and 

generalisation are often used interchangeably, Ferguson (2004) points out that external 

validity is a function of study design and generalisability that of the end user. External 

validity can be aided through the identification and recruitment of participants who will 

provide data on the relevant variables (Slack & Draugalis, 2001). However, strict 

selection criteria can also limit the generalisability of findings, and Christensen (2001) 

(cited by Ferguson, 2004) suggests that deliberate sampling for a degree of heterogeneity 

across population groups aids generalisation. This pilot study aimed to recruit a 

population that received a CVAD with an expected treatment course of seven days or 

more, with sufficiently diversity in terms of diagnosis group to explore recruitment 

feasibility.  

Therefore, inclusion and exclusion criteria were defined and appropriate to a 

generalisable study population: adults with a newly inserted CVAD where the ordering 

clinician expected a duration of insertion of seven days or more. Furthermore, the pilot 
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RCT was developed pragmatically, with clinicians applying the products under study, 

further improving the generalisability of the results. 

Reliability 

The reliability of the pilot RCT was encouraged through adherence to the a priori 

study protocol, which was prospectively registered on the Australian and New Zealand 

Clinical Trial Registry (ACTRN12615001120561). This included definitions of the 

outcome measures, elements of the treatment arms, general CVAD insertion and 

management, and planned statistical analyses. Data collection tools such as screening 

logs, data collection forms, study information, and participant information and consent 

forms were developed and implemented using standard operating procedure 

documentation. Trial governance was conducted and monitored using Good Clinical 

Practice guidelines (Vijayananthan & Nawawi, 2008). Regular site visits were conducted 

to audit data entry compliance and quality and monitor stock levels and expiry dates. 

(Data collection forms, screening log, and other information are provided in Appendices 

H–Q). 

Summary  

In summary, this chapter has presented the methodology guiding the doctoral 

research and methods for the two phases of the research program: an in vitro study and a 

pilot RCT. The theoretical model and frameworks used were discussed in context to their 

role in underpinning and guiding the relevant research phases. The methodology for 

undertaking the in vitro and the pilot RCT were detailed. The strengths and limitations 

for each research design were explored, and the implications for internal and external 

validity were discussed. The following chapter presents the results of the two phases of 

the research. 
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Chapter 4: Results 

Introduction 

The previous chapter presented the methods for the two phases of the research: 

the in vitro study and the pilot RCT. This chapter details the findings from both phases of 

the research program. First, the results of the in vitro study are presented, examining 

which decontamination product was most effective at preventing microbial contamination 

on the internal surface of the NC. Following this, the primary and secondary outcomes 

for the pilot RCT are presented.  

Phase One: In vitro study  

The first section of this chapter contains a peer-reviewed manuscript reporting the 

results of the Phase One in vitro study, which was published in Infection Control & 

Hospital Epidemiology (Impact Factor 3.084; Scopus Ranking (2018) 1.540; H Index 

125). The publisher, Cambridge University Press, has given permission to reproduce this 

article (Appendix D). Although the full manuscript was submitted the final version was 

reduced in format as a stipulation for publication by the journal. Further detail and 

analysis of the study data is presented in the addendum following the published 

manuscript.  

• Flynn, J., Rickard, C. M., Keogh, S., & Zhang, L. 2017. Alcohol caps or alcohol 

swabs with and without chlorhexidine: An in vitro study of 648 episodes of 

intravenous device needleless connector decontamination. Infection Control & 

Hospital Epidemiology, 38(5), 617–619. doi:10.1017/ice.2016.330. 
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Alcohol caps or alcohol swabs with/without chlorhexidine: an in vitro study of 648 

episodes of intravenous device needleless connector decontamination 

The incidence of central venous access device (CVAD)-associated bloodstream infection 

(CABSI) has been reported as high as 21% (Boersma, Jie, Verbon, Van Pampus & 

Schouten, 2008). Inadequate needleless connector (NC) decontamination can result in 

microbial contamination of the CVAD internal lumen, device colonisation and CABSI 

(O'Grady et al., 2011). Guidelines vary in recommendations for antiseptic type and 

duration of application to NCs (Mahieu et al., 2001). Actively decontaminating NCs with 

chlorhexidine (CHG) in 70% alcohol swabs is recommended by some guidelines to 

prevent infection (Loveday et al., 2014; O'Grady et al., 2011). However, lack of consistent 

NC decontamination prior to use may negate the effectiveness of this approach. There is 

a need to define the most effective NC decontamination techniques, including the 

antiseptic type and the duration of application. This study compared (i) the comparative 

efficacy of three NC decontamination methods (ii) for three connector types, and (iii) 

with different durations of application to prevent microbial contamination. 

This was a microbial in vitro study (SmartSite®, CareFusion/BD, USA, n = 216); 

Safeflow®, B-Braun, Germany, n = 216; and MaxPlus® Clear, CareFusion/BD, USA, n 

= 216) with a total of 648 episodes of connector decontamination studied (this included 

three episodes per connector type to ensure valid results). Staphylococcus aureus, 

Staphylococcus epidermidis, Pseudomonas aeruginosa and Candida albicans were used. 

For half the experiments (n = 324 connectors), NCs were pre-coated with sterile human 

serum, which remained in situ for 1 hour under static conditions in a class II biological 

safety cabinet, prior to exposure to microbial inoculum. Human serum (Sigma-Aldrich) 

was filter-sterilised (0.2 u) before use. The overnight broth culture was adjusted to OD600 

0.12 and diluted 1:200 (final concentration 0.5 x 106) before application to each NC, 

chosen as a possible clinically reflective level rather than studies using higher 

concentrations (Hong et al., 2013). Following air drying of the inoculated NCs, they were 

disinfected with one of: alcohol swabs (70% isopropyl alcohol, IPA) (Reynard, New 

Zealand); alcohol-impregnated caps (AIC) (70% IPA) (Excelsior Medical, USA); or 

chlorhexidine gluconate (CHG) swabs (2% CHG w/v + 70% isopropanol v/v) (3M, 

Canada). Active decontamination consisted of back-and-forth twisting motion for 5, 15 

or 30 seconds and 5 mins use for AIC. After decontamination, NCs were allowed to dry 

for 30s, flushed with media and cultured. Prior to these experiments, a negative control 

(no microbial contamination) and a positive control (no decontamination after microbial 
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contamination) were studied for each NC type. Three positive and three negative controls 

were included for each connector and each microorganism’s contamination. The positive 

control was to determine microbial recovery through each type of NC if no 

decontamination occurred. This data later allowed the calculation of the ratio of reduction 

in microorganisms passing through decontaminated NCs, by dividing the colony count 

per decontamination group by the baseline colony count from the positive controls. Mean 

and standard deviations were calculated. T-tests were used to test differences between 

groups, with p values of < 0.05 considered to be statistically significant. 

Differences between NC types and organisms were negligible; therefore, results 

were pooled per decontamination group. 

CHG swabs resulted in a greater reduction of organisms than the IPA swab 

(CHG30 [CHG wipes for 30 seconds] v IPA30 [IPA wipes for 30 seconds], t(70) = 74.32, 

p < 0.01) (Figure 14). The 70% alcohol-impregnated cap (AIC) cleared less organisms 

than CHG swabs (CHG30 v AIC, t(70) = 28.25, p < 0.01), but more than IPA swabs (AIC 

v IPA30 swab, t(70) = 5.01, p < 0.01). This equated to, on average, 4.03 log passing 

through positive controls, compared to experimental pass through logs of 0.89 (IPA5, 

ratio reduction [RR] 0.78), 0.64 (IPA15, RR 0.84), 0.54 (IPA30, RR 0.87), 0.38 (IC, RR 

0.91), 0.12 (CHG5, RR 0.97), 0.02 (CHG15, RR 0.995), and 0.01 (CHG30, RR 0.998). 

In the presence of serum exposure, most comparisons in microorganism 

reductions remained statistically significant (Figure 14). However, there was less 

reduction in percentage colony counts than without serum exposure (CHG30 v IPA30, 

t(70) = 35.14, p < 0.01; CHG30 v AIC t(70) = 36.09, p < 0.01; AIC v IPA30 swab, t(70) 

= 1.57, p = 0.12). On average, 2.81 log passed through positive controls, compared to 

experimental pass through logs of 1.19 (IPA5, RR 0.58), 0.75 (IPA15, RR 0.73), 0.55 

(IPA30, RR 0.80), 0.49 (IC, RR 0.83), 0.13 (CHG5, RR 0.95), 0.13 (CHG15, RR 0.95), 

and 0.03 (CHG30, RR 0.99).  
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IPA, 70% isopropyl alcohol at 5, 15 and 30 second decontamination; CHG, chlorhexidine gluconate in 

70% isopropyl alcohol at 5, 15 and 30 second decontamination; IC, 70% isopropyl alcohol-impregnated 

cap; **p = 0.0021; ***p = 0.0002; ****p =< 0.0001. The higher the percentages, the higher the number 

of microorganisms remaining on the needleless connector. 

Figure 14: Percentage of overall organisms remaining following decontamination of the 

needleless connector with and without serum. 
 

Five-second disinfection of the NC with IPA swab is the standard practice at our 

institution. As with previous research (Menyhay & Maki, 2006; Stango et al., 2014; 

Wright et al., 2013), this study suggests that it is an inadequate method for this purpose. 

Cost would be no barrier to change to CHG swabs (purchase cost Queensland Health 

2016: 70% IPA swab A$0.03; CHG in 70% IPA swab A$0.10; and AIC A$0.30). These 

slightly higher prices would be offset if CABSI risk from poor decontamination is 

decreased. AIC caps 5 mins demonstrated similar performance as 70% IPA swab 30s. 

CHG swabs clearly outperformed the IPA swabs and the AIC with or without human 

serum exposure; however, once exposed to human serum, the organism reduction was 

reduced by over 50% even with the use of CHG. As CVADs are regularly used to draw 

blood and administer blood transfusions through NCs, the results suggested NCs were 

more difficult to decontaminate if they are not discarded after blood draws/transfusions. 

Our data suggests that NC decontamination is ideally 30 seconds with CHG 

swabs, although even 5 seconds CHG outperformed other methods. However, poor 

compliance with active decontamination may negate CHG’s effectiveness. CHG also 

leaves a residue on the external surface of the NC and it is unclear if this has ongoing 

antimicrobial benefit, degrades the connecter material, or even leads to CHG injection 

into the bloodstream. Further research is needed to understand these issues.   
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Addendum to the in vitro study  

This addendum presents addition detail and analysis of the results provided in the 

Infection Control & Hospital Epidemiology publication.   

Reduction in CFU of the three tested products compared to positive control 

following decontamination 

Table 10 presents the decimal percent and corresponding log passthrough of CFU 

following active decontamination with 70% IPA (5, 15 and 30 seconds), 2% CHG in 70% 

IPA (5,15 and 30 seconds) and passive decontamination with the 70% AIC (5 minutes). 

The ratios of reduction and the corresponding log reductions for the experiments are also 

presented in the table. As the journal’s brief report format limited the presentation of the 

findings to one figure these results were previously reported in the text of the publication. 

Compared to the positive control, the 70% IPA wipe resulted in less than a 1-log reduction 

for all active decontamination durations, whereas 30 seconds of active decontamination 

with 2% CHG in 70% IPA wipe achieved a 3-log reduction in non-serum experiments 

and a 2-log reduction in those tests with serum exposure. The 70% AIC recorded a 1-log 

reduction without serum, though this decreased to < 1 log with serum. 

Table 10: CFU outcomes following decontamination 

 Log passthrough of  

CFU  

Ratio of Reduction Corresponding log 

reduction to ratio of 

reduction 

No serum    

Positive control 4.03   

IPA 5 seconds 0.89 0.78 <1-log 

IPA 15 seconds 0.64 0.84 <1-log 

IPA 30 seconds 0.54 0.87 <1-log 

AIC 5 minutes 0.38 0.91 1-log 

CHG 5 seconds 0.12 0.97 1-log 

CHG 15 seconds 0.02 0.995 2-log 

CHG 30 seconds 0.01 0.998 3-log 

Serum    

Positive control 2.81   

IPA 5 seconds 1.19 0.58 <1-log 

IPA 15 seconds 0.75 0.73 <1-log 

IPA 30 seconds 0.55 0.80 <1-log 

AIC 5 minutes 0.49 0.83 <1-log 

CHG 5 seconds 0.13 0.95 1-log 

CHG 15 seconds 0.13 0.95 1-log 

CHG 30 seconds 0.03 0.99 2-log 

CFU, colony forming units; NC, needleless connector; IPA, 70% isopropyl alcohol; AIC, IPA impregnated cap; 

CHG, 2% chlorhexidine in IPA. 
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Comparison of decontamination effectiveness between selected products and 

contact times  

Table 11 and 12 detail selected product to product comparisons and active / 

passive contact time periods for NC decontamination (previously presented in figure 14 

of the study publication). The passthrough CFU data was compared using Student’s t-test 

to assess for statistically significant differences with resulting p values and 95% 

confidence intervals.  

For both the 70% IPA and 2% CHG in 70% IPA wipes 30 seconds of active 

decontamination resulted in statistically significant reduction in mean percent remaining 

colony counts compared to five seconds of active decontamination (p<0.01). The 70% 

AIC applied for five minutes was also statistically superior to the 70% IPA wipe active 

decontaminated for 30 seconds (p<0.01). The 2% CHG in 70% IPA wipes demonstrated 

a statistically significant advantage over both the 70% IPA wipe at five, 15 and 30 second 

active decontamination times and the 70% AIC. All the aforementioned comparisons and 

statistical significance were similar in the serum exposed experiments although the 

overall rate of remaining organisms was greater across all tests.  

Table 11: Comparison of decontamination products and active decontamination /contact 

times (no serum) 

 Mean (SD) t-test 95% CI p 

No serum    

IPA5 

IPA15 

0.8747 (0.0493) 

0.8105 (0.0418) 

5.95 0.042-0.085 <0.01 

IPA15 

IPA30 

0.8105 (0.0418) 

0.7047 (0.0561) 

9.07 0.082-0.129 <0.01 

AIC 

CHG5 

0.5912 (0.1237) 

0.2198 (0.0760) 

15.34 0.323-0.419 <0.01 

CHG5 

CHG15 

0.2198 (0.0760) 

0.0343 (0.0101) 

14.51 0.160-0.210 <0.01 

CHG15 

CHG30 

0.0343 (0.0101) 

0.0085 (0.0015) 

15.16 0.022-0.029 <0.01 

SD, standard deviation; CI, confidence interval; IPA, 70% isopropyl alcohol; CHG, 2% chlorhexidine in 

IPA; AIC, IPA impregnated cap. 
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Table 12: Comparison of decontamination products and active decontamination/contact 

times with serum exposure 

Serum Mean (SD) t-test 95% CI p 

IPA5 

IPA15 

0.9368 (0.0806) 

0.8221 (0.0879) 

5.77 0.075-0.154 <0.01 

IPA15 

IPA30 

0.8221 (0.0879) 

0.7182 (0.1087) 

4.45 0.057-0.150 <0.01 

AIC 

CHG5 

0.6797 (0.0992) 

0.5753 (0.1237) 

3.95 0.051-0.157 <0.01 

CHG5 

CHG15 

0.5753 (0.1237) 

0.2776 (0.0869) 

11.81 0.247-0.347 <0.01 

CHG15 

CHG30 

0.2776 (0.0869) 

0.0707 (0.0199) 

13.92 0.177-0.236 <0.01 

SD, standard deviation; CI, confidence interval; IPA, 70% isopropyl alcohol; CHG, 2% chlorhexidine in 

IPA; AIC, IPA impregnated cap. 

Comparison of decontamination effectiveness for guideline recommended products 

and contact times 

A sub-group comparison of 70% IPA and 2% CHG in 70% IPA with five and 15 

seconds of active decontamination recommended in two published guidelines (Gorski et 

al., 2016; Loveday et al., 2014) was undertaken. The 2% CHG in 70% IPA wipe resulted 

in significantly lower CFU counts than the 70% IPA following either five or 15 seconds 

of active decontamination, though the difference was greater after 15 seconds (Table 13). 

Again, the introduction of serum increased the percentage of CFUs remaining following 

decontamination.  

Table 13: Comparison of passthrough CFU following guideline recommended active 

decontamination durations 

 Mean (SD) t-test 95% CI p 

No serum     

IPA5 

CHG5 

0.8747 (0.0493) 

0.2198 (0.0760) 

43.37 0.624-0.685 <0.01 

IPA15 

CHG15 

0.8105 (0.0418) 

0.0343 (0.0101) 

108.29 0.761-0.790 <0.01 

Serum     

IPA5 

CHG5 

0.8221 (0.0879) 

0.5753 (0.1237) 

9.75 0.196-0.297 <0.01 

IPA15 

CHG15 

0.8221 (0.0879) 

0.2776 (0.0869) 

26.43 0.503-0.585 <0.01 

SD, standard deviation; CI, confidence interval; IPA, 70% isopropyl alcohol; CHG, 2% chlorhexidine in 

IPA; AIC, IPA impregnated cap. 
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The participant flow, using the CONSORT template, is displayed in Figure 16, 

demonstrating screening, enrolment, allocation, compliance, and the number of 

participants included in the final analysis. Of the 152 patients listed to receive a CVAD, 

53 were ineligible after screening against inclusion criteria and eight declined to 

participate. The main reason for ineligibility was planned outpatient treatment (n = 17), 

13 elective surgical and four haematological patients. Following exclusions, 91 

participants were randomised to one of the three study arms. One participant’s PICC in 

the 2% CHG in 70% IPA group failed immediately after insertion and therefore had no 

data available for the secondary outcome analysis.  

 

CVAD, central venous access device; BSI, bloodstream infection; SD, standard deviation; CI, confidence 

interval; IPA, 70% isopropyl alcohol; CHG, 2% chlorhexidine in IPA; NC, needleless connector. 

Figure 16: Participant flow diagram. 
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Baseline data. 

Participant characteristics. 

At randomisation the mean age of participants was 57 years (range 56–70 years; 

standard deviation 16) (Table 14). Males accounted for 52% (n = 47) compared to 48% 

females (n = 44). Overall, most participants were admitted for elective surgery (n = 47, 

52%), with emergency surgery (n = 14, 15%), haematology (n = 11, 12%), and surgical 

oncology (n = 7, 8%) being the three other largest admission groups. Gastrointestinal was 

the most common surgical diagnostic group (n = 25, 28%), with surgical treatment of 

infection equally prevalent (n = 25, 28%). Combined, these two diagnosis types 

accounted for more than half of the participants (n = 50, 56%), with the remaining (n = 

41, 44%) distributed across 15 other diagnostic groups. Only 16 (18%) of the sample 

initially presented with no comorbidities, while 32 (35%) had four or more concurrent 

conditions. This illustrates the general high acuity of the participants. At the time of 

randomisation, 62% or participants (n = 56) were receiving parenteral antibiotics.  

While the baseline characteristics were not formally tested for statistical 

differences between groups (Eldridge, Chan, et al., 2016), there were a number of 

observable variances. Though the overall distribution of males to females was relatively 

similar (52% vs 48% respectively), males were overrepresented in the 70% IPA cap arm 

(n = 20/30, 67%) and underrepresented in the 70% IPA wipe group (n = 13/30, 43%). In 

the Admission types, 10 of the 14 surgical emergency participants were allocated to the 

70% IPA cap group. In this 70% IPA cap arm, surgical electives made up 45% of the 

sample (n = 13) compared to 56%–57% (n = 17) in the other two study arms. Participants 

in the 70% IPA cap group were also more likely to be receiving antibiotics at the time of 

randomisation (n = 21, 70%) compared to the 70% IPA wipe (n = 17, 57%) or the 70% 

IPA/2% CHG wipe arms (n = 18, 60%). Poor skin integrity was also rated as poor/ fair in 

the 70% IPA cap group (n = 13, 43%) compared to the IPA wipe (n = 11, 37%) or the 

70% IPA/2% CHG wipe arms (n = 10, 32%). These differences indicate that while equal 

numbers of participants were randomised to each of the three study arms, there was 

unequal distribution of a number of key variables between the groups. However, unequal 

baseline characteristics are more likely to occur in pilot studies with small sample sizes 

(Eldridge, Chan, et al., 2016).   
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Table 14: Participant characteristics at baseline 

Allocated study group 70% IPA 

wipes  

(n = 30) 

2% CHG in  

70% IPA wipes  

(n = 31) 

70% IPA- 

impregnated 

cap (n = 30) 

Total 

(n = 91) 

Age, mean (SD) 56 (16) 56 (16) 60 (15) 57 (16) 

Gender 

Male 

Female 

 

13 (43%) 

17 (57%) 

 

14 (45%) 

17 (55%) 

 

20 (67%) 

10 (33%) 

 

47 (52%) 

44 (48%) 

Admission type 

Surgical elective 

Surgical emergency 

Surgical oncology 

Haematology  

Medical  

Medical oncology  

Orthopaedic 

Vascular 

 

17 (57%) 

2 (7%) 

3 (10%) 

4 (14%) 

0 (0%) 

1 (3%) 

1 (3%) 

2 (6%) 

 

17 (56%) 

2 (6%) 

3 (10%) 

4 (13%) 

2 (6%) 

0 (0%) 

1 (3%) 

2 (6%) 

 

13 (45%) 

10 (33%) 

1 (3%) 

3 (10%) 

1 (3%) 

0 (0%) 

0 (0%) 

2 (6%) 

 

47 (52%) 

14 (15%) 

7 (8%) 

11 (12%) 

3 (3%) 

1 (1%) 

2 (2%) 

6 (7%) 

Diagnostic category 

Anaemia 

Cancer surgery 

Cardiovascular surgery 

FacioMaxillary surgery 

Gastrointestinal surgery 

Haemorrhage 

Infection surgical  

Leukaemia 

Liver disease 

Lymphoma 

Multiple myeloma 

Orthopaedic surgery 

Septic arthritis 

Trauma 

Vascular surgery 

Vascular – Diabetes 

Vascular – Ulcer 

 

0 (0%) 

2 (6%) 

1 (3%) 

0 (0%) 

9 (32%) 

1 (3%) 

7 (25%) 

3 (10%) 

1 (3%) 

0 (0%) 

0 (0%) 

2 (6%) 

1 (3%) 

1 (3%) 

0 (0%) 

2 (6%) 

0 (0%) 

 

0 (0%) 

1 (3%) 

0 (0%) 

1 (3%) 

10 (35%) 

0 (0%) 

8 (26%) 

2 (6%) 

1 (3%) 

1 (3%) 

1 (3%) 

1 (3%) 

2 (6%) 

1 (3%) 

2 (6%) 

0 (0%) 

0 (0%) 

 

1 (3%) 

0 (0%) 

1 (3%) 

0 (0%) 

6 (22%) 

0 (0%) 

10 (34%) 

1 (3%) 

0 (0%) 

1 (3%) 

1 (3%) 

1 (3%) 

1 (3%) 

5 (17%) 

1 (3%) 

0 (0%) 

1 (3%) 

 

1 (1%) 

3 (3%) 

2 (2%) 

1 (1%) 

25 (28%) 

1 (1%) 

25 (28%) 

6 (7%) 

2 (2%) 

2 (2%) 

2 (2%) 

4 (4%) 

4 (4%) 

7 (9%) 

3 (3%) 

2 (2%) 

1 (1%) 
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Table 14 continued 

Allocated study group 70% IPA 

wipes  

(n = 30) 

2% CHG in  

70% IPA wipes  

(n = 31) 

70% IPA- 

impregnated 

cap (n = 30) 

Total 

(n = 91) 

Treated for cancer 

No 

Yes  

 

20 (67%) 

10 (33%) 

 

20 (65%) 

11 (35%) 

 

23 (77%) 

7 (23%) 

 

63 (69%) 

28 (31%) 

Co-morbidities 

None 

One 

Two 

Three 

≥ Four 

 

7 (23%) 

3 (10%) 

6 (21%) 

4 (13%) 

10 (33%) 

 

5 (16%) 

5 (16%) 

4 (13%) 

6 (19%) 

11 (36%) 

 

4 (13%) 

7 (23%) 

1 (3%) 

7 (23%) 

11 (38%) 

 

16 (18%) 

15 (16%) 

11 (12%) 

17 (19%) 

32 (35%) 

WCC < 500/ul 

Yes 

No 

 

1 (3%) 

29 (97%) 

 

0 (0%) 

31 (100%) 

 

0 (0%) 

30 (100%) 

 

1 (1%) 

90 (99%) 

Infection at time of recruitment 

Wound 

Urinary 

Respiratory 

> One infection 

Other 

Nil infection 

8 (27%) 

4 (13%) 

0 (0%) 

0 (0%) 

2 (7%) 

16 (53%) 

10 (32%) 

3 (10%) 

1 (3%) 

1 (3%) 

4 (13%) 

12 (39%) 

10 (34%) 

2 (7%) 

1 (3%) 

1 (3%) 

1 (3%) 

15 (50%) 

28 (31%) 

9 (10%) 

2 (2%) 

2 (2%) 

7 (8%) 

42 (47%) 

IV antibiotics 

Yes 

No 

 

17 (57%) 

13 (43%) 

 

18 (60%) 

13 (40%) 

 

21 (70%) 

9 (30%) 

 

56 (62%) 

34 (38%) 

Total parenteral nutrition 

Yes 

No 

 

1 (3%) 

29 (97%) 

 

2 (7%) 

28 (93%) 

 

0 (0%) 

30 (100%) 

 

3 (3%) 

87 (97%) 

IV chemotherapy 

Yes 

No 

 

4 (13%) 

26 (87%) 

 

4(13%) 

26 (87%) 

 

3 (10%) 

27 (90%) 

 

11 (12%) 

79 (88%) 

Estimated weight category 

Underweight 

Healthy weight 

Overweight 

Obese  

 

0 (0%) 

18 (60%) 

6 (20%) 

6 (20%) 

 

4 (13%) 

14 (45%) 

8 (26%) 

5 (16%) 

 

3 (10%) 

15 (50%) 

8 (27%) 

4 (13%) 

 

7 (8%) 

47 (51%) 

22 (24%) 

15 (17%) 
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Table 14 continued 

Allocated study group 70% IPA 

wipes  

(n = 30) 

2% CHG in  

70% IPA wipes  

(n = 31) 

70% IPA- 

impregnated 

cap (n = 30) 

Total 

(n = 91) 

Dominant side 

Left 

Right 

Ambidextrous 

Unknown 

 

1 (3%) 

23 (77%) 

1 (3%) 

5 (17%) 

 

0 (0%) 

27 (87%) 

0 (0%) 

4 (13%) 

 

4 (13%) 

19 (64%) 

1 (3%) 

6 (20%) 

 

5 (6%) 

68 (76%) 

2 (2%) 

15 (16%) 

Skin integrity 

Good 

Fair/Poor 

 

19 (63%) 

11 (37%) 

 

21 (68%) 

10 (32%) 

 

17 (57%) 

13 (43%) 

 

57 (63%) 

34 (37%) 

 

Primary feasibility outcomes.  

Feasibility targets. 

As discussed in the Methods Chapter (Data Analysis), the primary outcomes and 

related feasibility criteria for the pilot study were based on published reviews of 

progression criteria and those used in similar studies (Avery et al., 2017; Keogh et al., 

2016; Marsh et al., 2018). To review, the feasibility targets were:  

• At least 80% of screened patients would be eligible 

• At least 80% of eligible participants would be enrolled 

• At least 80% rate of protocol compliance (participants who receive their allocated 

treatment)  

• Less than or equal to 5% of participants lost to follow up or withdrawal from study 

without access to final data collection at 48 hours post exit from the study  

• Less than 5% errors incurred during data collection and entry. 

Proportion of screened patients who are potentially eligible. 

Of the 138 potential participants assessed for eligibility, 39 (28%) were deemed 

ineligible. Reasons for ineligibility were: failed CVAD insertion (n = 6, 4%); patient for 

discharge with CVAD in situ (n = 17, 12%); CVAD not expected to be in situ for ≥ 7 

days (n = 10, 7%); or had a current BSI (n = 6, 4%). Ninety-nine patients were eligible 

for inclusion in the study. This proportion did not meet the feasibility criteria of 80% 

eligible for recruitment. 
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Proportion of eligible participants who are recruited. 

The criteria included that ≥ 80% of eligible patients would agree to participate and 

be recruited to the study. Of the 99 patients eligible to participate, 91 patients (92%) were 

recruited, therefore this criterion was met.  

Reasons for non-participation 

Eight patients declined to participate. Reasons for not participating were: wanted 

to choose own intervention (n = 2); too anxious to consider participating in research (n 

= 5); or declined to comment (n = 1).  

Protocol compliance   

As described in the Methods Chapter (Trial Fidelity), protocol compliance was 

determined through data provided by the bi-weekly checks conducted by the student 

investigator consisting of two criteria; checking the stock levels of the intervention 

products supplied at the patient bedside, and questioning the attending nurse as to whether 

they were using the allocated product. The compliance check was ‘unclear’ if only one 

criterion could be confirmed.  

Over the course of the study, 228 protocol checks were conducted. The number of 

checks per participant ranged from 0–9, which was largely related to the duration of 

admission or timing of CVAD removal. Sixteen participants (18%) who had their CVAD 

in situ for less than three days did not receive a compliance check due to device removal. 

Single checks were carried out on 20 (22%) participants, and 54 (60%) had more than 

one check completed, meaning that the participant was in hospital for at least seven days.  

All checks conducted on participants in the 70% IPA wipe control group were 

compliant (25/25); 18 of 26 (69%) checks in the 2% CHG wipe and 15 of 23 (65%) in the 

70% IPA cap group indicated compliance (Figure 17). In the checks that indicated non-

compliance, 25% met both criteria for non-compliance, and the remaining 75% were 

‘unclear’ for one criterion. In all these cases, the attending nurse could not be questioned 

to ascertain if the allocated product was being used 
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the participant had been allocated to. Also, brightly coloured bowls at the bedside 

contained stock of the allocated product and included information on relevant active 

decontamination and drying times. The staff feedback indicated that the labels on the NCs 

impeded access, therefore these were discontinued early in the study. The signs indicating 

allocated group and information sheets were reported as useful reminders by attending 

nurses.   

Proportion lost to follow up or withdrawn participants 

The feasibility criteria set a maximum of 5% of patients to be lost to follow-up 

from the study. This was defined as participants who had their CVAD removed, were 

discharged home, or transferred to another hospital or unit, and their final demographic 

and clinical outcome data could not be accessed at 48 hours after ceasing participation. 

No participants met this criterion therefore no participants were lost to follow-up. 

Two participants withdrew from the intervention groups; however, they provided 

no CVAD-related outcomes, although demographic data was collected and the 

participants remained in the analysis. Reasons for withdrawal were: 

• One participant in the 2% CHG in 70% IPA wipe group withdrew from the 

intervention following a sensitivity reaction to CHG used for skin antisepsis, 

unrelated to the study processes.  

• One participant was excluded after randomisation for device failure immediately 

following CVAD insertion. 

Completeness and accuracy of data collection. 

Participant characteristics and clinical outcome data were entered into the trial 

database and independently checked by a second person on a weekly basis for completion 

and accuracy. All required study data such as participant demographics, CVAD device 

and duration was collected from eligible participants. Data for the secondary outcomes, 

such as occurrence of BSI, was successfully linked and retrieved across REDCap and 

AUSLAB (pathology) databases. The review of the trial database revealed no missing or 

inaccurate data. Therefore, the criterion for ≤ 5% missing data was met.  

Summary of feasibility outcomes 

The data indicates that three of the five primary feasibility outcomes—enrolment 

of eligible participants, participant loss, and data collection/entry processes—were met. 
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The number of screened participants eligible to enrol and protocol compliance with 

allocated treatment did not reach the required feasibility parameters (Table 16).   

Table 16: Summary of feasibility outcomes 

Feasibility outcome Feasibility 

criteria 

Number of 

participants 

needed to 

achieve 

criteria 

Actual number 

of participants 

for each 

criteria, n (%) 

Feasibility 

criteria 

achieved? 

Screened patients eligible to enrol > 80% 110 99 (72%) No 

Eligible patients enrolled > 80% 88 91 (92%) Yes 

Protocol compliance > 80% 72 58 (78%) No 

Participant loss/withdrawal 

without access to final data   

< 5% < 4 0 (0%) Yes 

Data collection and entry errors   < 5% < 4 0 (0%) Yes 

 

Secondary outcomes 

CVAD duration from insertion to removal. 

Duration from CVAD insertion to removal (dwell time) was recorded in clinical 

documentation and measured at study completion. Of the 91 participants enrolled across 

three arms of the trial, 63% (n = 56) had a CVAD in situ for at least 7 days (Figure 18).  

 

CVAD: central venous access device. 

Figure 18: Proportion of patients by CVAD dwell time. 

0

10

20

30

40

50

60

70

0 1 2 3 4 5 6 ≥7

P
ro

p
o

rt
io

n
 o

f 
P

ar
ti

ci
p

an
ts

 (
%

)

Days CVAD in situ



 

Julie Flynn s2785628 Results Page 106 

Thirty-four participants (37%) had their CVADs removed or were discharged home for 

outpatient care prior to the seven days of follow-up required by the study protocol. Prior 

to study commencement, it was estimated that 10% of participants would be discharged 

with the CVAD removed prior to the 7-day study period; however, this was 16% (n = 15), 

with a further 4% (n = 4) discharged with the CVAD in situ prior to day seven. There 

were eight CVADs removed for complications developed prior to the 7-day study period 

(occlusion, n = 2; dislodged, n = 5; unknown reasons, n = 1). Two of these devices were 

dislodged on the day of insertion. Five participants were transferred either to another 

hospital or to a hospital unit that was not participating in the trial. One participant 

completed their therapeutic treatment on the day of CVAD insertion, and one participant 

withdrew from the study (Table 17). In the period after the seven days, four further 

CVADs were removed: two for suspected BSI and two for occlusion. The remaining 

CVADs (n = 54, 60%) were removed following completion of treatment with five (6%) 

in situ for at least 28 days.   

Table 17: Participants leaving the study at less than seven days (n = 34) 

Reason no longer followed-up on study Number (proportion) 

of participants 

Treatment completed on day of insertion 1 (3%) 

Patient discharged 

Without CVAD in situ 

With CVAD in situ 

 

15 (43%) 

4 (12%) 

Device complications 

Occlusion 

Dislodged 

Unknown 

 

2 (6%) 

5 (15%) 

1 (3%) 

Patient withdrew from study 1 (3%) 

Transferred to another hospital/unit  5 (15%) 

Total number of participants on study for < 7 days 34 (100%) 

CVAD, central venous access device. 

The duration of CVAD insertion and related diagnostic group was also explored. 

While elective surgery was the largest diagnosis group contributing to the cohort (n = 47, 

52%), two-thirds (n = 31) of the participants from this group still had the CVAD at day 

seven. Of the surgical emergency participants, 71% (n = 10/14) completed the 7-day study 

period, whereas seven of the 11 haematology patients were subject to attrition, four within 

the first three days (Table 18).  
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Table 18: CVAD duration and participant admission type 

 ≤ 3 days 4–6 days ≥ 7 days Total 

Haematology 4 (4.5%) 3 (3%) 4 (4.5%) 11 (12%) 

Medical 0 (0%) 2 (2%) 1 (1%) 3 (3%) 

Medical oncology 0 (0%) 0 (0%) 1 (1%) 1 (1%) 

Orthopaedic 0 (0%) 0 (0%) 1 (1%) 1 (1%) 

Surgical elective 11 (12%) 5 (6%) 31 (34%) 47 (52%) 

Surgical emergency 3 (3%) 1 (1%) 10 (12%) 14 (16%) 

Surgical oncology 2 (2%) 2 (2%) 3 (3%) 7 (8%) 

Vascular 1 (1%) 0 (0%) 5 (6%) 6 (7%) 

Total    90 (100%) 

CVAD, central venous access device. 

 

A Chi square test was undertaken to explore if there was any relationship between 

the CVAD attrition within seven days, for any reason, and the allocated intervention or 

control group; the result was not significant (p = .954). 

A survival analysis was performed to explore any difference in the timing of 

CVAD failure and presented as a Kaplan-Meier curve (Figure 19). All (100%) devices in 

the control group were still operational at day seven, while the likelihood of ‘survival’ 

until day seven was approximately 96% in the 70% IPA cap group and 97% in the 

IPA/CHG wipe arm. The log rank analysis indicates this was not statistically significant 

(p = .986), meaning that allocated group was not a contributing factor to CVAD attrition 

in the first seven days. CVAD duration in days was truncated at 14 days, due to few 

remaining participants at that time.  
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IPA, 70% isopropyl alcohol; CHG, 2% chlorhexidine gluconate in IPA. 

Figure 19: Kaplan-Meier survival curve for CVAD duration. 

Rates of bloodstream infection. 

No cases of CABSI were confirmed during the trial period. Similarly, there were 

no confirmed instances of laboratory-confirmed bloodstream infection associated with 

mucosal barrier injury. There were no CVAD insertion site infections determined by 

positive skin swab during the trial period. Therefore, the secondary research question 

relating to the contribution of CABSI rates to the sample size of a larger trial could not 

be addressed.  

Non CABSI-related infections. 

As detailed within the study protocol, infections not meeting the a priori definition 

of CABSI were recorded. Five patients (6%) had positive blood cultures during the study. 

Blood cultures from three participants showed single common commensals not related to 

a BSI (One participant grew coagulase-negative Staphylococcus, one grew S. epidermidis 

and one S. pasteuri). Of the remaining two BSIs, one was secondary to a previous CVAD 

(K. pneumoniae) and one related to a perineal infection (Pseudomonas aeruginosa). Two 
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BSIs occurred in each of the 70% IPA wipe and 2% CHG/70% IPA wipe groups and one 

in the 70% IPA cap arm.  

A Cox regression analysis was performed on the five participants with BSI to 

explore if any other variables may be associated with the incidence of BSI in the study 

population. If the resulting Hazard Ratio is > 1, the predictor is associated with increased 

risk. The results did not indicate any statistically significance between variables and 

occurrence of BSI despite an increased likelihood to return a positive blood culture in 

older participants (Table 19). 

Table 19: Cox regression analysis of BSI and selected participant characteristics  

 Hazard Ratio Standard Error P 95% CI 

Study group (ref = control) 

CHG 

IPA cap 

 

0.81 

0.42 

 

0.88 

0.55 

 

0.846 

0.507 

 

0.10–6.86 

0.03–5.40 

Female 1.69 1.54 0.567 0.28–10.10 

Treated for cancer 2.72 2.75 0.321 0.38–19.65 

Procedure room inserted 1.84 2.10 0.592 0.20–17.18 

Age 1.09 0.05 0.060 1.00–1.20 

CI, confidence interval; IPA, 70% isopropyl alcohol; CHG, 2% chlorhexidine gluconate in 70% IPA. 

 

Microbial colonisation of a random sample of NCs. 

While the initial objective was to obtain NCs from nine participants (10%), the 

actual collection was problematic due to the unpredictable timing of the NC change. 

Twelve NCs from six patients were assessed for microbial growth. These included three 

participants (six NCs) from the 70% IPA wipe group, one participant (two NCs) from the 

2% CHG in 70% IPA wipe group, and two participants (four NCs) from the 70% IPA cap 

group. Leukaemia patients (n = 3) made up 50% of the cohort, while two were elective 

surgery patients for treatment of existing infections, and one was an emergency surgical 

admission for trauma. Five of the six participants had a CVAD for seven days or longer, 

and three had a CVAD for 20 days or more.  

Ten of the 12 (83%) NCs had a countable range of 30–300 CFU, with nine of 

these NCs harbouring Flavobacterium (also known as Chryserobacterium), comprising 

81% of the total count of CFU (Table 20). Flavobacterium was also found in nine (75%) 

NCs represented by the control and both intervention groups. Staphylococcus 

haemolyticus and S. aureus were also isolated from a small number of NCs. Although the 
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sample size was too low to allow statistical comparisons, there appeared no obvious 

imbalance in specimens between groups returning positive results. Only two of the 12 

connectors returned no growth (one from the 70% IPA wipe group and one from the 70% 

IPA cap group). 

Table 20: Microbial growth in CFU from NC internal surface in six patients (12 NCs) 

Participant and 

allocation 

group 

Diagnosis 

group 

IV medication 

at 

randomisation  

IV 

access 

per day 

Duration of 

CVAD 

Microorganisms 

grown (>15 

CFU) 

Patient A  

(IPA wipe) 

 

 

Surgical 

elective  

–  Infection  

Metronidazole 3–4 

times 

20 days Sample 1: 

Flavobacterium 

Sample 2: 

Flavobacterium 

 

Patient B  

(IPA wipe) 

 

Haematology 

– Leukaemia 

Chemotherapy 1–2 

times  

28 days Sample 1: 

Flavobacterium 

Sample 2: 

Flavobacterium 

 

Patient C  

(IPA cap) 

 

Surgical 

elective  

– Infection 

Cephazolin 5+ times 7 days Sample 1: 

Flavobacterium 

Sample 2: 

Nil growth 

 

Patient D  

(CHG wipe) 

 

 

Surgical 

emergency  

– Trauma 

Total 

parenteral 

nutrition  

  

3–4 

times 

28 days Sample 1: 

Flavobacterium 

Sample 2: 

Flavobacterium 

 

Patient E  

(IPA wipe) 

 

Haematology 

– Leukaemia 

Chemotherapy 1–2 

times 

5 days Sample 1: 

S. haemolyticus 

S. aureus 

Sample 2: 

Nil growth 

 

Patient F  

(IPA cap) 

 

Haematology 

– Leukaemia 

Chemotherapy 1–2 

times 

12 days Sample 1: 

Flavobacterium 

S. haemolyticus 

Sample 2: 

Flavobacterium 
CFU, colony forming units; NC, needleless connector; IV, intravenous; CVAD, central venous access 

device; IPA, 70% isopropyl alcohol; CHG, 2% chlorhexidine gluconate in 70% IPA.  

 

Other morbidity and mortality outcomes  

Three patients were admitted to the intensive care unit, and one participant was 

admitted to the cardiac care unit. No patients died while participating in this study or the 

48-hour period following trial completion. 
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Summary  

In summary, this chapter has presented the results of the Phase One in vitro study 

and Phase Two pilot RCT, including the feasibility outcomes, CABSI, and other 

secondary outcomes. These results were obtained by following the processes outlined in 

the methods to achieve the study aims and objectives. For the pilot RCT, it was not 

possible to test the null hypotheses for CABSI as outlined in the methods chapter, due to 

the nil incidence of the outcome. The next chapter constitutes a discussion of the study 

results and conclusion for the thesis.  
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Chapter 5: Discussion and Conclusion 

Introduction  

The previous chapter presented the results for the in vitro study and the pilot 

randomised controlled trial (RCT), both comparing a 70% isopropyl alcohol (IPA) wipe, 

a 70% IPA with 2% chlorhexidine gluconate (CHG) wipe and a 70% IPA-impregnated 

cap. This chapter will discuss the findings of the research program in the context of the 

research questions, literature already published within this field, the aims of the research 

and how these were met; identify limitations of this PhD research and areas for future 

research; and present the implications for practice. Finally, the conclusions of the doctoral 

research are outlined. 

Overview of Research Aim and Questions 

The overarching aim of this project was to investigate the role of NC 

decontamination products in preventing CABSI and to assess feasibility of conducting a 

superiority RCT. The methods to achieve this aim involved, first, an in vitro study of 

comparative efficacy of these products to reduce microorganism contamination of the 

internal surface of the NC and, second, a pilot RCT to test recruitment, randomisation, 

intervention, data collection, and procedures of the protocol.  

At the core of this doctoral thesis is the role of NC decontamination to limit the 

potential for organisms to migrate from the external to the internal surface of the NC, 

establish biofilm, and propagate to colony levels that may overwhelm the immune 

response of the host, leading to CABSI. The potential for microorganisms present on the 

external surface of the NC to then colonise the internal surfaces has been demonstrated 

in a number of in vitro studies (Chernecky, 2014; Menyhay & Maki, 2006). As presented 

in Chapter 1, studies have demonstrated a strong correlation between microorganisms 

found on the skin, the internal surface of the NC, and catheter tip colonisation of patients 

with CABSI (Hankins et al., 2019; Pérez-Granda et al., 2015). Previous reviews have 

concluded that omission of, or variations in, NC decontamination practice present the 

opportunity for contamination of the internal surface of the NC and contribute to CABSI 

(Moureau & Flynn, 2015).  

The published guidelines on NC decontamination, discussed in Chapter 1, refer to 

a range of approaches to NC disinfection in terms of products to be used and duration of 
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application. Both 70% IPA or 2% CHG in 70% IPA are recommended specifically in 

some guidelines (Gorski et al., 2016; Intravenous Nursing New Zealand, 2012; Loveday 

et al., 2014;  National Health and Medical Research Council, 2019a). In contrast, others 

also include a recommendation of povidone iodine as an appropriate antiseptic (Denton 

et al., 2016; O'Grady et al., 2011). Only two guidelines refer to the use of a 70% IPA cap 

(Denton et al., 2016; Gorski et al., 2016). The recommended duration for active 

decontamination of the NC hub also varies between guidelines, with recommendations of 

five to 60 seconds (Gorski et al., 2016; Loveday et al., 2014). The guidelines also vary 

substantially in the selection and grading of supporting evidence, which ranges from 

expert opinion, in vitro studies, or non-randomised pre-test/post-test studies. This range 

reflects the current low level of evidence for NC decontamination, potential for practice 

variation, and the need for high level evidence to inform practice. 

This doctoral thesis has presented decontamination of the NC as a complex 

intervention, as it involves a combination of environmental (contamination), clinical 

(patient acuity), and human (practice) aspects (Craig et al., 2008; Curran, 2016). A 

number of authors have examined the definition of a complex intervention and how this 

is applied to healthcare. The MRC framework used to underpin the methodological 

approach to the research presented in this thesis presents complexity as a number of 

interacting components: specifically, the degree and variation of behaviours of those 

delivering or receiving the intervention, the number and variability of outcomes, and the 

degree of flexibility in tailoring the intervention to differing situations (Anderson, 2008). 

Others have suggested that all medical interventions are complex, as they involve human 

interaction and variation and aim to alter a physiological state resulting in non-linear 

effects (changes in output unrelated to input)  (Richards & Hallberg, 2015). The ingestion 

of an antibiotic is used by Richards and Hallberg (2015) to illustrate this point; i.e., 

compliance with taking the medication may vary, and the drug is absorbed and 

metabolised at differing rates in individuals, which can be influenced by variations in gut 

motility or interaction with other medications. It has also been suggested that the issue of 

complexity is less to do with the intervention itself, but rather the research design required 

to address the questions regarding the intervention (Petticrew, 2011). Furthermore, Shiell, 

Hawe, and Gold (2008) argue that complexity is a property of systems, not interventions. 

The complex system is composed of other systems such as health care and the human 

body that interact in a non-linear fashion (Shiell et al., 2008).  
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The complexity of NC decontamination was illustrated in the two phases of 

research undertaken. In the in vitro study, the effect of decontamination was shown to be 

as much a factor of time of exposure (duration of active decontamination of the external 

NC surface) as the decontamination product itself. The introduction of human serum into 

the experiments again altered the effectiveness and interaction between time and 

decontamination product. The pilot trial illustrated that NCs connected to CVADs were 

used in patients across a wide selection of diagnostic groups. Furthermore, the study 

suggested variations in compliance of clinicians as providers of the intervention. The 

definition of complexity described by Petticrew (2011) is reflected in the research 

questions and development of the experimental designs require to address the objectives 

of the research. To review, the research questions explored within this program of work 

were identified as follows. 

Phase One: In Vitro Study 

i. Under in vitro conditions, is NC decontamination with a 2% CHG in 70% IPA 

wipe (intervention 1) or a 70% IPA-impregnated cap (intervention 2), compared 

to decontamination with a 70% IPA wipe (control), more effective for reducing 

contamination of the internal surface of the NC?  

Phase Two: Pilot RCT 

i. Is it feasible to conduct an adequately large RCT to detect statistical differences 

in CABSI between three NC decontamination techniques, considering 

eligibility, recruitment, retention, attrition, protocol compliance, and missing 

data?  

ii. In patients with a CVAD, what incidence of CABSI should be used to calculate 

the sample size of future large trials that compare NC decontamination with a 2% 

CHG in 70% IPA wipe (intervention 1), a 70% IPA-impregnated cap (intervention 

2), or a 70% IPA wipe (control)? 

The systematic review and the two-phase approach of the PhD research program 

(in vitro study and pilot RCT) were underpinned by the UK MRC Developing and 

Evaluating Complex Interventions Framework (Craig et al., 2008). The MRC document 

details the processes that should be undertaken to investigate complex interventions 

(Development, Piloting, Evaluation) and provides the framework upon which the 
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methodological approach to the research program detailed within this thesis was 

conducted.  

The Development phase of the MRC model encompasses the identification of 

evidence, development of theory, and theoretical modelling. The systematic review 

fulfilled the requirement for identification of existing evidence by critiquing and 

analysing the current clinical evidence surrounding NC decontamination. This process 

identified gaps within the existing evidence and ensured the research program focussed 

on addressing these. The review assessed three products for NC decontamination: 70% 

IPA wipe, 2% CHG in 70% IPA wipe, and a 70% IPA impregnated cap (Chapter 2). The 

systematic review aided in the development of the theories that are reflected in the 

research questions for Phases One and Two of the research. Specifically, that an optimum 

process for decontamination of the NC may exist, and that this process requires evaluation 

through modelling, feasibility testing, and evaluation in the clinical setting through a 

suitably designed RCT. The modelling of process and outcome was addressed through 

the in vitro study that compared the three products identified in the systematic review for 

effectiveness in reducing contamination of the internal surface of the NC under laboratory 

and simulated conditions. The Feasibility/Piloting stage of the model was achieved 

through the conduct of the pilot RCT. The pilot RCT tested the processes for eligibility, 

recruitment, retention, attrition, protocol compliance, and data collection, while also 

aiming to provide clinical data that may assist in the RCT design and sample size. This 

completion of both the Development and the Feasibility/Piloting stages of the MRC 

framework complete the process required prior to the formal Evaluation (and 

Implementation) phase of the model.  

The MRC framework has a number of advantages. The model presents a phased 

and iterative process for examining complex interventions, emphasising the development 

work while providing a focus on the final stage of clinical evaluation and implementation 

of the intervention (Craig & Petticrew, 2013). As such, the model provides a definition 

of complex interventions and a structured process for rigorous and repeatable evaluation. 

Some authors have also cited some limitations of the framework. As discussed above, 

there are several definitions of complex interventions, and the description used in the 

MRC framework has been critiqued for being too narrow and simplistic (Hawe, Shiell, & 

Riley, 2004). A further criticism is that the Development and Evaluation phases of the 

model are more suited to drug trials rather than clinical intervention studies (Anderson, 

2008). Studies that have used the MRC framework also cite the advantages of a structured 
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model to guide the development of intervention research, but also report that the process 

can be resource intensive (Dowding, Lichtner, & Closs, 2017; Lakshman et al., 2014). 

To further support the research, a second theoretical model, the Damage–

Response Framework of Microbial Pathogenesis (Casadevall & Pirofski, 1999, 2000, 

2003; Pirofski & Casadevall, 2018) was adapted to map the pathogenesis of infection in 

the NC. The Needleless Connector Pathogenesis of Infection Conceptual Model (see 

Methods Chapter) detailed the process from microbial contact with, and contamination 

of, the external surface of the NC. Following NC decontamination, if the microbial 

elimination was incomplete this provides an opportunity for the passage of the 

microorganisms to the internal surface and subsequent formation of biofilm. The host 

response to microbial colonisation is a factor of the ability to eliminate microorganisms 

(susceptibility) and the duration of the infection (persistence). This process of biofilm 

formation, microorganism dispersal into the host, and immune response can also be 

influenced by the type of organism: e.g., either opportunistic (Class 1), such as S. 

epidermidis, or more resistant types such as S. aureus (Class 3). The model reflects the 

complex role of NC decontamination in the development of CABSI.  

The Needleless Connector Pathogenesis of Infection Conceptual Model 

dovetailed with the MRC approach to complex interventions and underpinned the 

suppositions for the in vitro study and pilot RCT. In the in vitro study, 648 individual 

experiments were conducted on three commonly used NC models, using four separate 

micro-organisms: S. aureus, S. epidermidis, P. aeruginosa, and C. albicans. These are 

common contaminants in the clinical setting (Burton et al., 2009) and are representative 

of both Class 1 and Class 3 organisms (Casadevall and Pirofski, 2003). The in vitro 

experiment provided the first quantifiable comparison of the products that were then 

considered for inclusion in pilot RCT. 

The final phase, a pilot RCT, was undertaken to determine the feasibility of 

conducting a superiority RCT comparing the three products identified and tested in the in 

vitro study. A suitably planned and powered RCT design is critical in order to finally 

establish the superiority of one or more products in the prevention of CABSI. The RCT 

design is universally accepted as the gold standard for establishing cause and effect 

between intervention and outcome (Higgins, 2011). However, RCTs require significant 

financial investment and planning; hence, a pilot study to test issues such as recruitment 

and data collection is recommended to assist in planning trials for complex interventions 

(Craig et al., 2008). 
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The two frameworks previously identified interacted to support and inform the 

structure of the pilot phase. The MRC Framework for Complex Interventions provided 

the methodological process for undertaking the feasibility/pilot study to establish a sound 

pragmatic and potentially replicable approach for a larger trial, while the adapted 

Needleless Connector Pathogenesis of Infection Conceptual Model furnished the 

conceptual interaction between the many mechanical, environmental, and human 

variables that impact upon the development of CABSI in vulnerable patient populations.  

Overall, this PhD research has consistently followed the MRC Developing and 

Evaluating Complex Interventions Framework (Craig et al., 2008), ensuring a 

comprehensive and systematic research approach to inform the evaluation of NC 

decontamination. Each of the individual studies used high-quality research methods to 

minimise potential bias and to enhance the reliability and validity of the study findings. 

Outcomes  

Which methods are most effective in reducing NC microbial contamination under 

in vitro conditions? 

The results of the in vitro study suggested that the 2% CHG in 70% IPA wipe was 

effective for NC decontamination in a laboratory setting. The 2% CHG in 70% IPA wipes 

resulted in a statistically significant reduction of microorganisms compared with the 70% 

IPA wipe. The 70% IPA-impregnated cap also cleared fewer organisms than the 2% CHG 

in 70% IPA wipe; this may be related to an increased combined effect of the two 

antiseptics (Maiwald & Chan, 2012). However, the in vitro study also indicated that for 

maximum effect it would be necessary to perform NC decontamination with 2% CHG in 

70% IPA for approximately 15–30 seconds and allow the NC to dry for 30 seconds.  

Chlorhexidine gluconate is a commonly used antiseptic, especially for skin 

decontamination (McDonnell & Russell, 1999); however, currently in Australia, despite 

increased use in NC decontamination, the 2% CHG in 70% IPA wipe has not been 

approved for this purpose by the Therapeutics Goods Administration (TGA). A Clinical 

Trial Notification (CTN) was required to be submitted to the TGA for this purpose before 

conducting the pilot RCT. 

During the in vitro testing, half of the NCs were coated with human serum to 

mimic real-life use of the NC; blood is often found on the internal surface of the CVAD 

due to standard procedures for checking device patency. The human serum decreased the 
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effectiveness of all three products; however, the effectiveness of 2% CHG in 70% IPA 

remained statistically significant compared to the other two products. The introduction of 

human serum also highlighted the issue of duration of active NC decontamination, with 

2–5 seconds of active decontamination proving inadequate, and at least 30 seconds of 

active decontamination with the 2% CHG in 70% IPA wipe required for effective 

decontamination in this scenario. This process may be difficult to achieve in clinical 

practice, where NC decontamination with 70% IPA wipes can take as little as 3–5 

seconds, with a similar amount of drying time (Keogh et al., 2014).  

This is not the first in vitro study to be conducted on this topic, although it did 

differ in some important and novel ways, namely the use of human serum and the number 

of experiments conducted. Mazher et al. (2013) tested similar antiseptics—2% CHG in 

70% IPA wipe and a 70% IPA wipe—but also included povidone iodine. The 

concentration of CHG in that study was 3.15%, in comparison to the 2% CHG used in 

this PhD research. Mazher et al. (2013) concluded that the 2% CHG in 70% IPA wipe 

and the povidone iodine were able to reduce the ingress of microorganisms into the NC 

when compared with an 70% IPA wipe, and found that the 2% CHG in 70% IPA wipe 

may be more effective than 70% IPA alone, showing a 3–4 log reduction; however, the 

efficacy was reduced for NCs contaminated with blood or serum, which was a similar 

finding to this PhD research. However, the 3.15% CHG in 70% IPA is not available in 

Australia for NC decontamination, and povidone iodine can take up to five minutes to dry 

(Slater et al., 2018).  

This in vitro study indicates that decontamination with a 70% IPA wipe is 

significantly less effective in NC decontamination than the 2% CHG in 70% IPA or 70% 

IPA-impregnated cap. While the effectiveness of 70% IPA wipe improved with increased 

duration of active decontamination, a 30-second application of 70% IPA remained less 

effective than five seconds of decontamination with 2% CHG in 70% IPA wipe. 

Following a 30-second decontamination, the number of remaining microorganisms was 

100 times greater with a 70% IPA wipe compared to a 2% CHG in 70% IPA wipe. These 

results have implications for the current guidelines for NC decontamination. As 

summarised in Chapter 1, a number of guidelines recommend decontamination with 70% 

IPA wipe either exclusively as the method of choice (National Health and Medical 

Research Council, 2019a) or as viable alternatives to combinations of 70% IPA with 

either chlorhexidine or povidone iodine (Denton et al., 2016; Gorski et al., 2016; 

Intravenous Nursing New Zealand, 2012; Loveday et al., 2014; O'Grady et al., 2011). 
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Notwithstanding the limitations of the in vitro design on level of evidence and 

generalisability, the results of the study do suggest the 70% IPA wipe is neither an 

effective method of NC decontamination, nor a suitable alternative to 2% CHG in 70% 

IPA combinations. These findings would need to be confirmed in a superiority RCT under 

clinical conditions where other variables such as staff compliance with duration of active 

decontamination can be assessed.  

It was also noted in the in vitro study that the 2% CHG in 70% IPA wipe left a 

slightly sticky residue on the outer surface of the connector. This has previously been 

reported by Hong, Morrow, Sandora, and Priebe (2013). The sticky residue may be from 

the CHG component of the 2% CHG in 70% IPA wipe. It is unclear whether this residue 

has an ongoing antimicrobial benefit, attracts environmental dust, degrades the NC over 

time, or even leads to CHG being infused into the patient’s bloodstream if the NC is not 

allowed to dry completely (Flynn, Slater et al., 2018). Each of these consequences has a 

clinical impact, and the phenomenon requires further investigation.  

Overall, this phase of the PhD research program highlighted the importance of 

NC decontamination. As previously discussed, current guidelines recommend a range of 

decontamination products with active decontamination times that vary from five to 60 

seconds (Denton et al., 2016; Gorski et al., 2016; Intravenous Nursing New Zealand, 

2012; Loveday et al., 2014; O'Grady et al., 2011;  National Health and Medical Research 

Council, 2019a). Furthermore, Moureau and Flynn (2015) concluded that variations in 

NC decontamination techniques could contribute to ineffective decontamination, 

increasing the risk of CABSI. The findings of the in vitro study support this conclusion 

by demonstrating and comparing the impact of the three decontamination products on 

levels of microorganisms passing through the NC. The study also highlighted the 

interaction between decontamination products and duration of active decontamination in 

the comparison of 70% IPA and 2% CHG in 70% IPA wipes. These results corroborate 

the assertion by Moureau and Flynn (2015) that an evidence-based, structured approach, 

incorporating both an effective product and active decontamination duration, is essential 

for effective NC decontamination as a means of preventing CABSI.  

The main strengths of the study were the large sample of 648 individual 

experiments, the repetition of experiments to ensure consistency of results, the use of 

previously published and repeatable laboratory methods (Mazher et al., 2013), and the 

inclusion of human serum, which strengthened the validity of the results. The limitations 

of the study are discussed later in this chapter. This in vitro study informed Phase Two of 
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the research and guided the methodology regarding the timing of the NC decontamination 

of the 2% CHG in 70% IPA wipe, as a 15-second decontamination time would be needed 

for this process. Needleless connector decontamination for the 70% IPA wipes was 

conducted for 5 seconds as this was policy in the participating hospital. 

Assessing the feasibility of a superiority RCT for decontamination of the CVAD 

NC  

The pilot RCT assessed the feasibility of undertaking a fully powered RCT to 

evaluate the effectiveness for NC decontamination of the three products identified in the 

systematic review and tested in the in vitro study, namely the 70% IPA wipe, the 2% 

CHG in 70% IPA wipe, and the 70% IPA-impregnated cap, to prevent CABSI. Data were 

collected from 90 participants who had a CVAD inserted at the Royal Brisbane and 

Women’s Hospital.  

Feasibility Outcomes for the Pilot RCT. 

Based on the work of Thabane et al. (2010), the hypothetical conclusions for the 

feasibility outcomes presented in the methodology chapter were: All criteria will be met 

and trial is feasible without modification; one criteria will not be met and trial is feasible 

with close monitoring; two or three criteria will not be met and trial is feasible with 

modification; four or more criteria will not be met and trial is not feasible. The results of 

the pilot trial indicate that two criteria were not met: specifically, only 72% of screened 

patients were eligible to enrol (target > 80%), and participants received their allocated 

treatment 78% of the time (target > 80%). Therefore, a superiority RCT would be feasible 

to proceed with modifications. The results of the study did indicate that three of the 

criteria were met: 91% of eligible participants were enrolled (target > 80%); less than 5% 

of participants were lost to follow-up or withdrew from the study before access to final 

data; and there were minimal (< 5%) data collection and entry errors. The outcomes of 

the pilot trial indicate that processes for identifying a sufficient number of potentially 

eligible participants and improving staff compliance with use of the allocated intervention 

would need to be addressed in the protocol for a larger superiority RCT to be feasible. 

These issues will be explored in more detail within this chapter. 

Participant recruitment. 

An important benchmark of trial feasibility is the ability to recruit sufficient 

numbers of participants from the population provisionally eligible for screening using the 
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selection criteria. This is often referred to as the participant yield and is calculated by the 

number of participants actually enrolled in the study divided by the number screened for 

inclusion (Begun, Berger, Berger & Otto-Salaj, 2018). The recruitment yield for the pilot 

trial was 72%, which as previously reported did not reach the desired target of 80%. 

However, as Begun et al. (2018) highlight, the recruitment yield is a factor of the overall 

availability of potential participants and the complexity or restrictions within the trial 

protocol inclusion criteria. Of the 138 potential participants screened against the inclusion 

criteria, 53 were assessed as ineligible. Of these, 36 were due to non-modifiable reasons 

such as current bloodstream infection or failed CVAD insertion. The non-modifiable 

exclusions represent 26% of the potential participants screened and therefore represent a 

sizable loss of possible participants. If the proportions remained similar in a full trial this 

could reduce the overall pool of potential participants and impact on recruitment rates. 

The potential interaction between exclusion criteria, both modifiable and non-modifiable, 

can also limit recruitment unforeseeably (He, Morales, & Guthrie, 2020) and highlight 

the need for a well-considered recruitment plan (Huang et al., 2018) that includes the best 

allocation of resources. For example, although considered non-modifiable in the pilot 

study, the resourcing of interpreters for non-English-speaking participants could be 

worthwhile in not only improving recruitment but also expanding the cultural diversity 

of the cohort (He et al., 2020). 

The main inclusion (age ≥ 18 years, CVAD expected to be in situ for ≥ 7 days) 

and exclusion criteria (current BSI, unable to provide consent, NESB or cognitive 

impairment) proposed and used in the pilot study were similar to those found in other NC 

RCTs. In a trial by Yébenes et al. (2004) comparing NCs to three-way stopcocks, the 

main inclusion criteria was the need for a CVAD, with exclusion criteria being CVAD 

insertion outside the ICU and removal of the CVAD within 72 hours. The trial by 

Koeppen et al. (2019) comparing swab cap decontamination of NCs to standard care cited 

age equal to or greater than 18 years, necessity for a CVAD, and treatment expectation of 

five days as main inclusion criteria; exclusion criteria included current BSI and patients 

with cognitive impairment.  

The participant population recruited during the PhD trial period consisted of eight 

specific admission types. Of these, elective surgery, emergency surgery, oncology 

surgery, and haematology made up 87% of the cohort. The majority of participants in the 

trial by Yébenes et al. (2004) were also general (n = 100, 36%) and emergency surgery 

(n = 86, 31%). Similarly, patients recruited in the study by Koeppen et al. (2019) were 
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cardiothoracic surgery (n = 27, 57%) and general surgical (n = 11, 19%). The diagnosis 

categories of participants in the pilot study also represented a broad range of conditions 

with treatment following gastrointestinal surgery and surgical infection being the most 

common. One or more co-morbidities existed in 81% of participants, with 35% having 

four or more co-morbidities present at the time of recruitment. Similarly, the studies by 

Yébenes et al. (2004) and Koeppen et al. (2019) reported a range of admission diagnoses 

and existing comorbidities, of which treatment for infection was a significant factor (41%, 

Yébenes et al.; 75%, Koeppen et al.). Hence the inclusion criteria did result in recruitment 

of similar populations, suggesting that an identifiable and generalisable population 

consisting of general, emergency, oncology surgical, and haematological patients is 

achievable for the superiority RCT.  

An important aspect of the inclusion criteria was the expectation that the CVAD 

be in situ for seven or more days. As discussed in the methodology chapter, the screening 

for this involved relying on the anticipated duration of the CVAD and treatment as 

provided by the ordering medical officer. This strategy proved to be accurate for the 

majority of participants, with 16% having the CVAD removed prior to the seventh day. 

Loss to device failure accounted for a further 9%. Emergency and elective surgical 

patients were the most reliable in terms of numbers of participants enrolled and ability to 

predict a CVAD duration greater than seven days. While some studies have also identified 

haematological patients as likely candidates for medium to long term CVAD duration 

(Grau et al., 2017; Spires et al. 2018), more than half of the haematological participants 

in this study did not reach the seven-day point. However, they were also over-represented 

in the participants excluded on the basis of planned outpatient care with a CVAD or 

discharged home with a CVAD in situ. The advantages and issues surrounding inclusion 

of outpatients as participants are discussed later in this chapter. These findings of the pilot 

RCT again support targeting general and emergency surgical and haematological patients 

to meet the inclusion criteria of at least 7-day CVAD duration. While in the pilot RCT 

insertion only took place in two specific clinics, CVAD insertion may also occur in ICU 

or other acute areas. Therefore, close communication and engagement between research 

staff and doctors ordering or undertaking the CVAD insertion would be required to 

identify suitable participants and limit early removal to 10% or less. Sample size 

considerations for a superiority RCT would also need to factor in 20% for attrition from 

early removal, device complications, and failure prior to seven days.   
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There is considerable debate regarding the role of inclusion and exclusion criteria 

in both the internal validity of a trial and the external validity or generalisability of the 

results. Strict inclusion criteria support the internal validity of a trial by reducing the 

possible confounding variables present in a more heterogeneous study population 

(Skarpsno, 2019). However, this in turn may sacrifice generalisability of the findings of 

the research if the population is not broadly representative of the population (Kennedy-

Martin, Curtis, Faries, Robinson, & Johnston, 2015; Van Spall, Toren, Kiss, & Fowler, 

2007). Inclusion criteria focussing on internal validity may also reduce diversity of 

groups, such as women, and result in samples that differ clinically from those who would 

normally receive the treatment (Uijen, Bakx, Mokkink, & van Weel, 2007; Van Spall et 

al., 2007). The counter argument is that it is not possible to achieve a representative 

sample in a trial population and the inclusion criteria should focus on a homogenous 

sample to enhance internal validity and repeatability of the research among other well-

defined population samples (Skarpsno, 2019).  

Achieving a balance between internal and external validity has been highlighted 

by other authors, particularly in terms of using pragmatic designs that reflect the clinical 

population and environment (Kennedy-Martin et al., 2015; Porzsolt, Wiedemann, Becker, 

& Rhoads, 2019). The challenges of achieving ‘Truth in the Universe’ and ‘Truth in the 

Study’ are highlighted by Hulley, Newman, and Cummings (2007, p. 23), and the ability 

to recruit sufficient numbers is also a factor for consideration. The authors suggest that 

focussing on important demographic and clinical commonalities relevant to the research 

question are a suitable starting point for inclusion criteria (Hulley et al., 2007).  

The two NC RCTs previously cited both recruited participants admitted to an ICU 

from an otherwise quite diverse range of admitting conditions (Koeppen et al., 2019; 

Yébenes et al., 2004). The admission to an ICU infers a base level of acuity common to 

all the participants. Yébenes et al. used the Simplified Acute Physiology scoring (SAPS) 

(Le Gall et al., 1984) and Therapeutic Intervention Scoring System (TISS) (Cullen, 

Civetta, Briggs, & Ferrara, 1974)—both validated systems for determining clinical 

severity—to demonstrate a common level of acuity in the participant characteristics. In a 

review of non-randomised CABSI studies, 17 of the 18 included papers used similar 

severity of illness scoring systems to measure acuity between groups (Ziegler, Pellegrini, 

& Safdar, 2015). As highlighted by the inclusion criteria of these RCTs, the requirement 

for a CVAD arguably demonstrates a base level of acuity that is suitable for inclusion 

criteria. The TISS criteria specifically identifies a CVAD, the presence of infection, and 
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co-morbidities as indicators of high acuity. Modification of the inclusion criteria to focus 

on general surgical, emergency, oncology surgical, and haematological patients with at 

least one co-morbidity would further define the population in terms of a common level of 

acuity and promote a balance between internal and external validity and recruitment. The 

TISS or similar validated scoring system could be used to measure acuity across groups 

in the participant description.  

Exclusion of outpatients with a CVAD. 

Of the 53 participants excluded from the pilot trial, 17 were for planned outpatient 

care with a CVAD in situ (elective surgical n = 13; haematological n = 4). A further four 

participants enrolled in the study were also discharged with a CVAD remaining in place 

for ongoing care (elective surgical n = 2; haematological n = 2). The rationale for 

excluding outpatients from the pilot study was largely pragmatic, as there were not the 

resources to follow up in terms of monitoring the intervention, data collection, and 

compliance checking. While inclusion of outpatients would assist in recruitment 

particularly of participants with a CVAD in situ for seven days or more, their addition 

may introduce a number of confounding factors that would impact upon both the internal 

and external validity of a larger superiority trial. Specific demographic and diagnostic 

data could not be collected on excluded participants due to local state privacy 

requirements and absence of consent, though a small number of studies have reported on 

the differences between CVAD inpatients and outpatients. Outpatients with a CVAD are 

often receiving antibiotic therapy, oncology treatment, haemodialysis, or parenteral 

nutrition (Grau et al., 2017; Kallen, Patel, & O'Grady, 2010; Spires et al., 2018), and 

while many will receive clinical care at home, others such as oncology patients will 

transition between home and hospital (Kallen et al., 2010).  

Reported rates of BSI among outpatients vary between 0.19 and 2.19 per 1000 

catheter days based on the type of CVAD, comorbidities, and how the infection has been 

categorised (e.g. CRBSI or CABSI) (Kallen et al., 2010). Furthermore, Kallen et al. 

(2010) suggest that extraluminal sources of infection may be more likely, due to 

disruption to CVAD dressings or variations in dressing techniques. Similarly, in NCs, 

inadequate decontamination, or indeed contamination, by various clinical staff or patients 

themselves could contribute. However, in a retrospective study of 749 CVADs in 654 

outpatients, 74% of whom received parenteral antimicrobial therapy and 15% 

chemotherapy, Spires et al. (2018) reported quite low (2.4%) rates of CABSI and no 

increased association with NC decontamination performed by patients or non-clinical 
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carers. In a prospective study of 163 patients (3337 catheter days inpatient; 1881 catheter 

days outpatient) of which 79% (n = 155) received antibiotic therapy and 27% (n = 53) 

chemotherapy, reported lower rates of CABSI in both outpatient and mixed (outpatient 

and inpatient care) (n = 0) setting compare to inpatient care only (n = 3, 2.3%) (Grau et 

al., 2017). Based on the limited research comparing CVAD and CABSI rates in similar 

populations (surgical and haematological) to those participating in the pilot study and the 

proportion of otherwise eligible outpatient participants (n = 21, 15%) the selective 

recruitment of outpatients, limited to surgical and haematological patients, could be a 

viable strategy for recruitment without increased threats to internal validity. This would 

also assist in meeting the inclusion criteria of CVAD duration of at least seven days. 

However, this would also have to take into account the likely increased resources (not a 

feasibility outcome explored in this pilot trial) for monitoring compliance and data 

collection that outpatient recruitment would require.  

Relevant to the issue of recruitment, it is noteworthy that during the trial, 

participants were enrolled at an average of three to four participants per week. Adjusting 

the protocol to include multiple hospital sites would provide for increased rates of 

recruitment and achieve the required sample size within a shorter time period (Munda & 

Legrand, 2014; Youssef, Reinhart, & Sakr, 2008). However, while the enhanced rate of 

recruitment would be advantageous, the use of multiple centres may also introduce issues 

of increased heterogeneity of the sample population between sites. Some authors view 

the tendency towards external validity of multicentre trials as an advantage; i.e., the 

ability to recruit patients from different sites, where the underlying condition may be 

similar though the population may vary demographically, enhances generalisability 

(Cook, Brower, Cooper, Brochard, & Vincent, 2002). The question of maintaining a 

desired degree of homogeneity in a cohort, to be representative of a particular level of 

acuity, is easier to achieve in a single centre (Hébert, Cook, Wells, & Marshall, 2002). 

Different patient and diagnostic groups may be recruited at differing rates between sites 

and variance in outcomes are higher between multiple sites compared to single sites 

(Munda & Legrand, 2014). Unbalanced treatment allocation can also result in loss of 

statistical power (Harden & Friede, 2018). Differences in clinical practice between sites 

also contribute to differences in outcomes, as well as increased risk to trial fidelity through 

variations in compliance monitoring and data collection (Youssef et al., 2008). Many of 

these issues can be addressed by adjusting the trial protocol with strategies such as 

stratification by patient group and rigorous processes for checking protocol adherence 
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and data collection (Munda & Legrand, 2014; Youssef et al., 2008). The clustering effect 

from treatment variations between sites can be modelled and adjusted analytically 

(Harden & Friede, 2018; Munda & Legrand, 2014). However, inclusion of other 

participating centres would need some consideration of similarities of patient groups and 

clinical practices between sites to limit the impact of heterogeneity and other confounding 

factors.  

In terms of recruitment, a positive outcome of the pilot trial was that 92% of 

potential participants who met the inclusion criteria agreed to be enrolled in the study. 

This supports the notion that strategies to broaden the overall base of possible participants 

would result in a net increase in recruitment. Studies have examined the reasons 

participant do, or do not, agree to take part in clinical trials, and while none to date have 

explored this specifically in recruitment to CVAD trials, patients with cancer, many of 

whom receive a CVAD, have been investigated. Altruism—in the form of a possible 

benefit to others—has been identified as the main reason patients participated in cancer 

research, and this motivation appeared to be consistent across race and ethnicity (Kaplan, 

Nápoles, Narine, Gregorich, Livaudais-Toman, Nguyen et al., 2015). In these studies, 

participants declined participation mostly due to anxiety regarding diagnosis and or 

treatment; this was also evident in the small number of participants (n = 8) who declined 

participation in the pilot trial. Of these, five cited diagnosis and treatment anxiety as the 

main reason for not participating.   

A number of strategies were employed during the study to support recruitment, 

including engaging daily with stakeholders to identify potential participants and ensuring 

that participant information was easy to understand and in plain English language so that 

informed consent was possible (Treweek, Pitkethly, Cook, Fraser, Mitchell, Sullivan et 

al., 2018). Some impediments to recruitment were identified, such as competing studies. 

A competing medical study prevented the recruitment of participants with Hickman 

CVADs and limited the number of cancer patients in the cohort. The area of cancer 

treatment is not only a high-use area for CVADs but also a field of national focus for 

research. This results in a number of research projects competing for a limited pool of 

potential participants, which can threaten the viability of recruitment strategies (Paquette, 

Kelecevic, Schwartz, & Nieuwlaat, 2019). Some authors have identified ethical issues 

associated with competing studies in cancer care and health generally, in particular how 

to determine equitably which patients are offered participation and the role of researchers 

and institutions in achieving this (Gelinas, Lynch, Bierer, & Cohen, 2017). Several 
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approaches are considered by Gelinas et al. (2017), including offering all studies to all 

patients, letting clinicians decide which patient groups are approached, and using a 

process of randomisation to select potential participants. A fourth option of institutions 

prioritising one trial over another based on clinical and social benefit of the research has 

been cited as the most ethical approach to manage a limited resource (Gelinas et al., 

2017). However, Paquette et al. (2019) argue that such an approach does not fulfil ethical 

tenets such as autonomy; the patient’s right to decide; and beneficence, placing the 

welfare of patients above the goals of research. The authors state that all patients should 

have an equal opportunity to consider all trials available and that institutional intervention 

should only occur when collegial consensus between researchers cannot be achieved 

(Paquette et al., 2019). Again, expanding the protocol to multicentre may assist in 

alleviating the issues of competing studies and strengthen the external validity through 

inclusion of other CVAD designs.   

Protocol compliance. 

As detailed in Chapter 3 (Methodology), compliance checks were undertaken 

twice weekly. The checks consisted of two components: assessing stock levels to ensure 

the allocated product was being used, and verbally questioning the attending nurse if they 

were using the assigned NC decontamination method. For compliance to be confirmed, 

both criteria needed to be positive. If only one criterion could be confirmed (e.g., the 

nurse was not available to be questioned), compliance was deemed unclear. Based on 

these compliance checks, 78% of pilot trial participants received the allocated treatment 

as per the protocol; the remainder were equally divided between confirmed non-

compliance and unclear compliance. Assuming a worst-case scenario that all the 

unconfirmed were also non-compliant, this equated to a protocol non-compliance rate of 

22%. The compliance checks also indicated that protocol non-compliance was restricted 

to the intervention groups, whereas all control group participants checked were receiving 

their allocated treatment. While some degree of contamination by protocol non-

compliance may be unavoidable, even moderate rates have been associated with threats 

to internal and external validity and underestimation of sample size (Lieberman & 

O'Donoghue, 2002). Significant non-adherence to allocated treatment can result in an 

underestimation of treatment effect or failure to detect a difference leading to a Type II 

error (Persch & Page, 2013). Due to the small sample size, it is difficult to determine if 

this rate of non-compliance impacted on the study results; however, in a larger study with 

multiple comparison arms, the effect of protocol non-compliance is likely to be amplified.  
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As typical of RCTs, this trial was analysed using an intention-to-treat (ITT) 

approach, with the participant data analysed within the treatment group they were 

allocated to, regardless of whether they received the treatment incorrectly (protocol non-

adherence) or received the treatment meant for another group (crossover) (Moher et al., 

2010; Sussman & Hayward, 2010). The ITT approach preserves the randomisation and 

reflects the pragmatic realisation that not every patient gets or conforms to full treatment 

regimes. In the analysis stage of a superiority RCT, the impact of protocol non-

compliance and crossover on clinical outcomes such as rates of CABSI between groups 

can be assessed by undertaking a per-protocol (PP) analysis alongside the ITT. While an 

additional PP analysis was planned for the pilot trial to assess the impact of protocol 

violations on the incidence of CABSI, the absence of any cases made this impossible. A 

PP analysis provides results based on the treatment actually received by the participant. 

This approach of a PP analysis alongside the usual ITT approach has been used in 

previous large RCTs to assess the impact of protocol violations when comparing multiple 

treatments (Rickard, Marsh, Webster, Runnegar, Larsen, McGrail, et al., 2018). However, 

the results of a PP analysis do need to be viewed with caution if they differ significantly 

from the ITT (Ranganathan, Pramesh, & Aggarwal, 2016). By excluding non-compliant 

participants, it violates the principles of randomisation, which in turn may cause an 

imbalance in the distribution of known and unknown confounding factors and increase 

the risk of bias. Removal of participants may also impact on sample size and study power 

to detect differences (Gupta, 2011).   

Several strategies were implemented during the pilot phase to reduce protocol 

non-compliance at the bedside: information sheets for nurses in the patient’s bedside chart 

indicated the group allocation; sticky labels attached to the NC indicated which study arm 

the participant was allocated to; a brightly coloured bowl containing the study product 

was kept at the bedside. While some of these strategies worked well, others were less 

effective. Staff feedback suggested that the information sheets were helpful in reminding 

staff of the participant’s allocated group; however, the labels attached to the NC were 

reported as impeding access and were discontinued early in the trial.   

The coloured stock bowls also served to remind staff; however, there were times 

when the bowls were out of reach when the Research Nurse attended bi-weekly follow-

up checks, although it was apparent (in view of the need to replenish the stock) that the 

healthcare professionals were using the interventional products. Some participants acted 

as advocates for the study, reminding the healthcare professionals which study product 
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they had been allocated. While this may have been useful in terms of protocol compliance, 

it may also introduce another level of bias if the participants are drawn to the novelty of 

the experimental arms over standard care.  

The trial data regarding compliance and CVAD dwell time suggested that the 

longer the participant remained in the study the more likely the compliance checks 

undertaken by the research nurse would be positive. It may be that the combination of the 

aforementioned strategies and the presence and verbal questioning by the research nurse 

had a cumulative effect on nurse compliance. Previous studies have described positive 

behavioural changes in clinicians associated with a sense of being observed or surveyed, 

essentially a Hawthorne effect, but the effect appears to be temporary (Choi, Jung, & 

Grantcharov, 2019; McLaws & Kwok, 2018). This could potentially be rectified by the 

research nurses conducting compliance checks at least every second day, instead of bi-

weekly, and additionally using ongoing education, increasing the presence of research 

staff as a visual reminder of the study. Protocol adherence could also possibly be 

improved via conducting additional group and/or one-on-one education sessions 

throughout the study, to ensure ward staff are aware of the study and NC decontamination 

products and when to use them. This again would have cost implications, as it would 

likely require full-time research staff; however, this would be important to ensure optimal 

trial fidelity and validity and reliability of results.  

While such strategies would assist in addressing protocol non-compliance at the 

bedside, an alternative approach may be to address the issue of allocation crossover and 

contamination at a design level. Cluster RCTs can be used to reduce protocol non-

compliance, with both intervention and control being provided by the same clinicians 

(Torgerson, 2001). A cluster design would randomise the treatment allocation based on 

hospital or unit instead of individual patient. A waiver of individual consent is often 

sought for cluster RCTs, with consent of all participants provided by a nominated leader 

at each site. Effectively either the intervention or control becomes the treatment used at 

the site for the duration of recruitment. This would likely eliminate the chances of 

incorrect treatment allocation and improve reliability of data (Torgerson, 2001). 

However, cluster trials typically require larger sample sizes and may need additional 

direct (research staff) and indirect (consumables) costs. Allocating clusters by ward or 

clinical area, as opposed to hospital, may be a suitable alternative and could be an 

appropriate design for the future efficacy study of NC decontamination (Pannick, 

Beveridge, Ashrafian, Long, Athanasiou & Sevdalis, 2015).  
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One challenge to the use of a cluster design would be that care is often provided 

for patients with particular diagnoses in specialised units (e.g., oncology and 

haematology). If clustering by unit was undertaken, then a particular diagnostic group 

may only receive one treatment option and no comparison. This would likely limit the 

generalisability of the findings in these groups (Torgerson, 2001). A variation to a parallel 

cluster design is a stepped-wedge, cluster randomised controlled trial (SW-RCT). The 

SW-RCT design is essentially a cross-over design in which each cluster switches 

treatments at differing time points, providing data at some point during the course of the 

trial for both treatments and controls (Hussey & Hughes, 2007; Mdege, Man, Taylor, & 

Torgerson, 2011). Table 21 shows the possible treatment schedule for six clusters, 

progressing over six time intervals from control (C) to first intervention (I-1) to second 

intervention (I-2). 

Table 21: Example of treatment schedule for a stepped-wedge cluster design 

Clusters Time interval for each cluster 

1 2 3 4 5 6 

1 C C C I-1 I-1 I-2 

2 C C C I-1 I-1 I-2 

3 C C I-1 I-1 I-2 I-2 

4 C C I-1 I-1 I-2 I-2 

5 C 1 I-1 I-2 I-2 I-2 

6 C 1 I-1 I-2 I-2 I-2 
C = control; I-1 = Intervention 1; I-2 = Intervention 2. 

 

SW-RCT designs may also provide a more efficient approach to cluster sampling 

compared to a parallel cluster RCT. However, the design may also introduce bias such as 

analytical bias from the staggered nature of the roll-out of the interventions, and chance 

imbalance of baseline participant characteristics (Hemming & Taljaard, 2020). These 

issues can potentially be overcome by including large numbers of clusters; however, this 

then increases the overall sample size, possibly negating any benefit. Furthermore as the 

cluster sizes are likely to vary (i.e., more surgical patients admitted over a given period 

than haematological), this has design implications for trial power and data analysis, and 

may also introduce recruitment bias (Grayling, Mander, & Wason, 2019; Hussey & 

Hughes, 2007). The SW-RCT approach can also introduce complexities to trial 

administration and require increased resources, such as when replacing the entire stock 

from control to the first then second intervention.  

In terms of compliance, the choice of design may fall to a decision regarding the 

most effective use of resources and the consideration of an inevitable but acceptable rate 
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of allocation crossover that would not threaten internal and external validity. The larger 

sample sizes and complexity of cluster designs may outweigh the benefits to protocol 

compliance (Torgerson, 2001). As the overall rate of compliance in the pilot RCT fell just 

below the feasibility target of 80%, it may be that a more efficient approach would be a 

simpler, multi-centre, parallel 1:1:1 design, without clustering, stratified by admission 

type to ensure even distribution of allocated groups, with further resources allocated to 

onsite compliance monitoring and education of clinicians.  

Another factor that would possibly contribute to protocol non-compliance is 

difference in the duration of active NC decontamination required for the 70% IPA wipe 

and 2% CHG in 70% IPA wipe when used by clinical staff. The trial protocol detailed an 

active decontamination of up to 15 seconds, although drying time was not specified. 

Therefore, non-adherence to this aspect of the protocol from substantial differences in 

technique could potentially impact on trial outcomes (Keogh et al., 2014; Slater et al., 

2019). There may also be differences in how clinicians view treatments provided within 

the prescriptive, constructed conditions of an RCT to those used in clinical practice. The 

concept of personal equipoise is discussed by Cook and Sheets (2011) where the clinician 

expresses uncertainty or ambivalence to one treatment over another. This may result in 

either lower compliance or preference towards applying an intervention effectively: e.g., 

active decontamination for the full 15 seconds. Similarly, in a qualitative study of staff 

attitudes towards participating in an RCT of insulin therapy in type 2 diabetes, the authors 

reported ambivalence of some staff towards adhering to trial protocols when study 

treatment may differ from usual care, seen as best practice (Lawton, Jenkins, Darbyshire, 

Holman, Farmer & Hallowell, 2011). The authors also reported how some staff 

experienced conflict between their roles as researchers (i.e., administering the 

intervention and collecting data) and practitioners and would respond by adapting the 

requirements of the trial protocol to align more closely with their own clinical preferences  

(Lawton et al., 2011). The authors also recommended that trial education to clinicians 

focus on aspects of the protocol that differ from current practice. This suggests that the 

differing techniques associated with each arm of the trial need to be highlighted, with 

additional information and education provided to clinicians initially and throughout the 

trial period. However, Lawton et al. (2011) also suggest that a didactic approach to staff 

information and close monitoring by research staff may not be sufficient to alter 

individual decision making and that a multifaceted approach is required. This includes 

requiring sufficient study resources to support trial fidelity and engaging with clinical 
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leaders to demonstrate support for, and adherence to, the trial protocol. This means that, 

for the superiority RCT, the research nurses conducting the compliance checks would 

require sufficient time to engage with clinical staff and leadership, particularly in the early 

phases of the trial.  

As discussed, NC decontamination can be viewed as a complex intervention 

through the interaction of human factors such as time and workload (Craig & Petticrew, 

2013). While the data from the in vitro study suggests 30 seconds of active 

decontamination with the 2% CHG in 70% IPA wipe was more effective than currently 

recommended practice (consisting of a shorter period with 70% IPA wipe), the extra time 

required may render the approach unacceptable to clinicians. Although the collection of 

feedback from clinicians in the pilot RCT was limited, the more formal assessment of 

staff attitudes towards the interventions would be a useful inclusion within a superiority 

RCT to further gauge the approach that may be most acceptable, and therefore the most 

efficacious, decontamination method. Lawton et al. (2011) also suggest that this may be 

an effective way of identifying protocol issues and dilemmas for resolution early in the 

trial period. A number of authors have also highlighted the need to incorporate staff 

feedback into research design methods to evaluate the most effective means of translating 

the trial findings into practice (Curtis, Fry, Shaban, & Considine, 2017). The absence of 

such strategies may lead to delayed and unsystematic acceptance of practice change 

(Kristensen, Nymann, & Konradsen, 2016).  

Participants lost to follow-up. 

No participants withdrew or were lost to follow-up or trial withdrawal without 

access to their final data. However, one participant was recruited and randomised, and 

then the CVAD failed immediately following insertion and a decision was made by the 

attending physician not to attempt reinsertion. A second participant was randomised to 

the 2% CHG in 70% IPA wipe arm of the study, but demonstrated a sensitivity to the 

CHG when it was used as a skin antiseptic; the participant had no adverse reactions to the 

2% CHG in 70% IPA wipe when used for NC decontamination, but they withdrew from 

the trial as a precaution. Both participants agreed to contribute baseline data although no 

device or intervention data was collectable. Known sensitivity is a recognised factor in 

the use of CHG (National Health and Medical Research Council, 2019) and should be 

incorporated into the exclusion criteria. Although CHG adverse events may not appear to 

be common (2.5%–5.4%) (Lim & Kam, 2008), they have been noted as including 

anything from generalised rash to anaphylaxis (Garvey, Roed‐Petersen & Husum, 2001; 
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Lim & Kam, 2008). It is also possible that adverse events are not always recognised as 

CHG-related and therefore may be under-reported (Lim & Kam, 2008). 

Data analysis plan. 

The data analysis plan for the pilot study tested the collection and entry of 

individual participant data and linking across databases. The processes were 

demonstrated to be viable, as data collection was complete and information from all 

participants was able to be collected for the study endpoint of 48 hours following active 

completion of participation in the trial. However, if multiple sites are used for the 

superiority trial this could present challenges for data collection and integrity (Kahn, 

Raebel, Glanz, Riedlinger, & Steiner, 2012). A number of principles for multisite data 

collection instruments has been suggested by Read et al. (2016), which included clear and 

consistent descriptions of variables within data collection instruments, discrete numbers 

for numerical data, and free text options for values not in the data set. Particular attention 

is also required to maintain quality control of data collection across sites, which may have 

implications for trial resources (Kahn et al., 2012). Chapter 3 detailed inferential data 

analysis approaches, such as Kaplan–Meier curves and Cox regression, to explore the 

relationships between the occurrences of CABSI, the allocated decontamination method, 

and other time-to-event variables. As there were no cases of CABSI recorded during the 

study, the Cox proportional hazard models were applied to all cases of BSI. This approach 

has been used in other studies of CABSI and found to be robust, in particular for 

accounting for hospital level clustering that may occur with a multisite trial (Herc et al., 

2017; Kim et al., 2019). 

Pilot trials and sample size estimation. 

As mentioned, no participants in the pilot trial developed CABSI, regardless of 

the NC decontamination methods used. This is likely to be a factor of the small sample 

size and the limited time available for follow-up. Rates of CABSI are generally reported 

as incidence per 1,000 catheter days. The CVADs used in this pilot trial population 

equated to 954 catheter days. Studies cited in the systematic review (Chapter 2 of this 

thesis) reported incidences of CABSI as low as 0.3 to 1.45 per 1,000 catheter days and, 

while characteristics of sample populations may vary, this does suggest that the absence 

of any CABSI with the pilot trial sample size of 90 was not unusually low.  

The role of pilot studies in providing data for estimating sample sizes for larger 

trials remains an area of debate. In a review of 54 pilot/feasibility trials, Arain et al. (2010) 
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found 18% cited the contribution to the calculation of a sample size for a larger study as 

a trial objective. The inaccuracy of effect size estimates between groups related to the 

smaller and underpowered sample sizes in pilot studies is highlighted by Leon et al. 

(2011) as the main reason for not relying on pilot data for estimating participants for a 

full study. The results of inferential testing would likely result in either false positives 

(Type I error) or false negatives (Type II error).  

Estimates of sample size can also be determined from the literature, in particular 

from meta-analysis of similar studies (Das, Mitra & Mandal, 2016). However, as noted 

in the systematic review undertaken as part of this PhD research, while all the included 

studies used CABSI as a primary endpoint, the quality and heterogeneity of the studies 

prevented a suitable meta-analysis. In the systematic review, the overall range of CABSI 

incidence varied considerably, from 1.45/1,000 to 7.43/1,000 in the IPA wipe group and 

0.3/1,000 to 9/1,000 for the IPA-impregnated cap. For all of the included studies the 

follow-up period exceeded seven days, which may indicate an incidence for sample size 

calculation; however, this could be influenced by patient acuity, duration of insertion, and 

possibly the approach used to decontaminate the NC. 

The estimation of sample size for a fully powered RCT could also be drawn from 

a broader review of studies investigating CVADs and rates of CABSI in similar 

populations. Such RCTs have used a number of methods to estimate a suitable sample 

size; for example, a multi-centre trial of the use of maximal sterile barrier precautions in 

CVAD insertion in general surgical patients used a sample of 424 patients, based on what 

could be pragmatically achieved within a given time frame (Ishikawa, Kiyama, Haga, 

Ishikawa, Takeuchi, Kimura et al., 2010). A multi-centre cluster RCT of bundled care to 

reduce the incidence of CLABSI also based sample size pragmatically on the number of 

ICUs that agreed to participate (Marsteller, Sexton, Hsu, Hsiao, Holzmueller, Pronovost 

et al., 2012); however, the actual number of participants was not reported. A comparison 

of 70% ethanol to heparin locks in paediatric patients estimated a sample size of 400 

participants based on an assumed 50% difference in rates of CABSI between groups; 

however, the baseline incidence of CABSI was 20%, which is likely to be higher than in 

an adult population (Schoot, van Ommen, Stijnen, Tissing, Michiels, Abbink et al., 2015). 

A published protocol for an RCT comparing post-insertion CVAD dressing techniques in 

cancer patients cited a baseline incidence of CABSI of 8% (Rickard, Marsh, Webster, 

Gavin, Chan, McCarthy et al., 2017); the authors estimated a sample size of 602 

participants per group was required to demonstrate a reduction in CABSI from 8% to 4% 
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with 90% power and a significance of 0.05. Three studies included in the meta-analysis 

reported in Chapter 2 provided an incidence of 7% CABSI in the 70% IPA wipe group. 

These studies include burns (Martino et al.), oncology (Sweet et al.) and mixed adult 

population (Wright et al.). While these studies did not provide a consistent control group, 

the results of the in vitro study suggest that the 70% IPA wipe is the most consistently 

ineffective decontamination method. Based on the observed risk reduction ratio, it 

appears that the effect size of CHG in IPA is more than half the infection risk of the IPA 

wipe or caps. To detect a clinically significant reduction from 7% to 3.5% with 80% 

power and 0.05 significance level would require 636 per group, totalling 1908 

participants. An additional 20% for attrition (early CVAD removal and device failure) 

would result in a total sample size of 2,289.   

These examples illustrate the challenges involved in estimating a sample size 

either a priori or based on incidence. As sample size estimation is often a ‘best guess’ 

approach in circumstances where there is little information to support the calculation, an 

adjustment of sample size can be considered following an interim analysis (Hung, Cui, 

Wang & Lawrence, 2005). This also highlights the need for reviews and pilot trials to 

provide researchers with information to assist in planning superiority RCTs.   

Microbial testing of NCs. 

During the pilot trial the internal surface of two NCs each from six participants 

were subjected to microbial testing. The aim of this process was to test the feasibility of 

specimen collection and handling and data collection. Difficulties were encountered 

regarding the collection of NCs, as it proved problematic to predict the timing of NC 

replacement or removal to enable research nurses to be available at that time for 

collection. More frequent ward visits and increased engagement with clinical staff as 

discussed previously may assist with this process. This would need to be a consideration 

if collection and colonisation of the NC is a trial endpoint. 

The small number of NCs collected from participants and evaluated means that 

firm clinical conclusions cannot be drawn from the outcomes. Three participants were 

leukaemia patients receiving chemotherapy, two were elective surgical patients receiving 

antibiotics, and one was a trauma patient receiving TPN. Three participants had their 

CVAD in place for 5–12 days, with the remainder having been in place for more than 20 

days. All sampled NCs (n = 12) had microorganisms detected; however, this did not lead 

to any BSIs being diagnosed in the participants. This suggests that microbial colonisation 
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of the internal surface of the NC may still occur regardless of the decontamination product 

used. As theorised in the Needleless Connector Pathogenesis of Infection Conceptual 

Model presented in Chapter 3 (Figure 11), the development of infection following 

microbial colonisation involves a complex relationship between host susceptibility 

(immunity and disease status) and time. A limiting factor may be that only PICCs were 

used in the pilot RCT and results may differ for other types of CVAD. However, several 

studies have not shown any difference in CABSI rates between PICCs and other types of 

CVADs, such as Hickmann® (Khalil, Pierson, Maymani, Holter, & Cherry, 2012; Lim et 

al., 2013), except possibly in very long term use (e.g., three months or longer) 

(Christensen et al., 2016).  

Flavobacterium, the most common microorganism detected on the NCs, is most 

commonly found in soil, plants, foodstuffs, and water sources (including in hospitals); it 

is not part of normal human flora (Bernardet, Hugo & Bruun, 2011; Von Graevenitz, 

1999). There are minimal studies examining infections associated with Flavobacterium 

in indwelling devices, and reported infections have been in patients who are immune 

compromised (Soman, Gupta, Suthar, Kothari, Almeida, Shetty et al., 2016). 

Flavobacterium as the cause of hospital-acquired bacteraemia connected to indwelling 

devices was reported by Hsueh et al. (1996) with other studies citing a concern of 

potential for multiple antibiotic resistance (Bernardet et al., 2010). 

Previous studies have reported rates of NC internal surface contamination between 

0% and 17% (Casey et al., 2003; Seymour, Dhallu, Moss, Tebbs & Elliot, 2000), although 

NC types and approaches to NC decontamination have varied considerably between 

studies. The trial that reported 0% (Casey et al., 2003) used a very strict decontamination 

process using a 70% IPA wipe with a 2-minute drying time; such a protocol may not be 

achievable in all practice settings. Furthermore, in that study, as the population was 

cardio-thoracic post-surgical, CVADs may not have been in place the minimum seven 

days (after which CABSI is likely to originate from ineffective NC decontamination); the 

actual dwell time was not specified by the authors.  

The high incidence of NC internal surface contamination may have implications 

for a larger study in terms of suitable secondary outcomes. Considering the 

conceptualised relationship between NC colonisation and potential for CABSI 

(Needleless Connector Pathogenesis of Infection Conceptual Model), the occurrence, 

type, and count of bacterial colonisation of the internal surface of the NC could act as a 

useful secondary biochemical endpoint (Abrahamyan, Feldman, Tomlinson, Faughnan, 
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Johnson, Diamond et al., 2016). This may also be useful considering the role of 

decontamination is to prevent colonisation of the NC as a precursor to CABSI, the 

progression to which would be dictated by unmodifiable variables such as patient acuity, 

immunocompromised status and duration of CVAD placement.  

Summary of results of this PhD 

Overall, this PhD research has built on a systematic review and meta-analysis to 

inform two research phases, an in vitro study and a pilot RCT, which interacted to address 

the aim and research questions outlined in the introduction and methods chapters. The 

systematic review was updated throughout the doctoral program and was published in 

2019 (Flynn, Larsen et al., 2019a). The results of the review indicated that both the 2% 

CHG in 70% IPA wipe and the 70% IPA-impregnated cap performed more effectively 

than the 70% IPA wipe, although the overall quality of the included studies was low, 

leading to a high risk of bias.  

Building on the findings of the systematic review, the in vitro study was conducted 

to compare the antimicrobial effectiveness of the same three products in a controlled 

environment, in preparation for a pilot RCT in clinical practice. The findings of the in 

vitro study supported the results of the meta-analysis in terms of the increased 

effectiveness of both 2% CHG in 70% IPA wipe and 70% IPA-impregnated cap over the 

70% IPA wipe; however, in this study the 2% CHG in 70% IPA wipe also outperformed 

the 70% IPA-impregnated cap in tests with and without the addition of human serum. 

While both the 70% IPA wipes and 2% CHG in 70% IPA wipes performed better with a 

30-second decontamination time and 30-second drying time, compared to either 5 or 15 

seconds, the 2% CHG in 70% IPA wipe remained most effective. The conclusion of the 

in vitro study was that the 2% CHG in 70% IPA wipe may be the most suitable approach 

to NC decontamination; however, questions remained around the appropriateness of CHG 

for this purpose, the effect of 2% CHG in 70% IPA wipe on the device itself, and the 

pragmatic implications of staff compliance with a 30-second drying time prior to NC 

access. These questions could only be addressed within a suitably designed RCT.  

A pilot RCT was conducted to build upon the Phase One findings by testing the 

same products in the clinical environment. This was the natural next stage of investigation 

to determine whether a sufficiently powered RCT would be feasible to conduct, as clinical 

trials are complex and expensive to undertake. Based on the pre-defined feasibility criteria 

(Chapter 3) the trial demonstrated success in the number of participants meeting the 
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inclusion criteria agreeing to enrol in the study (92%), < 5% attrition, and < 5% missing 

clinical outcome data. The study did report some areas where the feasibility criteria were 

not met, specifically, the number of patients receiving a CVAD that may be assessed for 

eligibility (72%) and clinician compliance with adhering to the allocated intervention 

prior to accessing the NC (78%). The study identified limitations to recruitment by 

excluding potential participants who planned to have their CVAD managed as an 

outpatient or were discharged home with the CVAD still in situ. Inclusion of these 

patients in a larger study would substantially increase the pool eligible for consideration. 

As the interventions are such that they need to be applied numerous times for each 

participant during the course of their enrolment, the trial highlighted the potential 

challenges and impact on protocol compliance of using three interventions concurrently 

in the same clinical area. Overall, the findings of the pilot suggest that a larger RCT would 

be feasible with suitable protocol modifications and strategies to address the issues 

identified, such as close monitoring of intervention fidelity. A summary of the similarities 

and suggested modifications required to move from the pilot to a fully powered RCT is 

presented in Table 22. 

Table 22: Comparisons of the pilot RCT and a prospective superiority RCT 

Characteristics Pilot RCT Prospective superiority RCT 

Study design Randomised, single-centre pilot trial Randomised, stratified multi-centre 

trial (Stratification by admission type. 

i.e. Elective and emergency surgical, 

oncology surgical and haematological 

patients) 

Inclusion 

criteria 

• ≥ 18 years of age 

• CVAD to be inserted for ≥ 7 days 

• Inpatients only  

• Able to provide informed consent 

• ≥ 18 years of age 

• Inpatients and outpatients 

• CVAD to be inserted for ≥ 7 days 

• Able to provide informed consent  

• Successful insertion of CVAD 

Exclusion 

criteria 

• Current bloodstream infection 

within previous 48 hours 

• Non-English speaker without an 

interpreter 

• Previous recruitment to study in 

current hospital admission (only one 

CVAD to be studied per patient) 

 

• Current BSI in previous 48 hours 

• Known sensitivity to CHG 

• Non-English speaker without an 

interpreter 

• Cognitive impairment to consent 

• Previous recruitment to study in 

current hospital admission (only 

one CVAD to be studied per 

patient) 

Sample size 91 2289 for parallel 1:1:1 design 
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Table 22 continued 

Characteristics Pilot RCT Prospective superiority RCT 

Study 

interventions 

70% IPA wipe 

2% CHG in 70% IPA wipe 

70% IPA-impregnated cap 

70% IPA wipe 

2% CHG in 70% IPA wipe 

70% IPA-impregnated cap 

Participants Surgical and cancer care patients Elective and emergency surgical, 

oncology surgical and haematological 

patients with at least one co-morbidity 

Outcomes Primary feasibility outcomes: 

• greater than 80% of patients 

screened will be eligible;  

• greater than 80% of eligible 

participants will agree to enrol;  

• greater than 80% of participants in 

the intervention groups will receive 

their allocated treatment; 

• there will be less than 5% 

attrition/drop out of randomised 

patients;  

• there will be less than 5% missing 

data. 

 

Secondary outcomes: 

• CRBSI 

• MBI-LCBI 

• CVAD tip colonisation 

• Local infection 

• CVAD dwell time 

• Microorganisms present within the 

NCs 

• Participant mortality during study 

Primary clinical outcome: 

• Rates of CABSI per 1000 catheter 

days   

 

 

 

 

 

 

 

 

 

 

 

Secondary outcomes: 

• CRBSI 

• MBI-LCBI 

• CVAD tip colonisation 

• Local infection 

• CVAD dwell time 

• Microorganisms present within the 

NCs 

• Participant mortality during study 

• Participant satisfaction 

• Clinician experience and 

satisfaction  

• Cost analysis  

Allocation 

compliance  

Bi-weekly checks  Checks minimum 2nd daily   

RCT, randomised controlled trial; CVAD, central venous access device; BSI, bloodstream infection; IPA, 

isopropyl alcohol; CHG, chlorhexidine gluconate; CABSI, CVAD-associated bloodstream infection; CRBSI, 

catheter-related bloodstream infection; MBI-LCBI, mucosal barrier injury laboratory-confirmed bloodstream 

infection; NC, needleless connector. 

 

Overall, the results from this body of research successfully addressed the 

overarching aims of the thesis: (1) to investigate the role of NC decontamination products 

in preventing CABSI, and (2) to assess feasibility of conducting a superiority RCT. This 

was achieved by answering the research questions identified in the introduction to the 

thesis. The in vitro study compared and determined the decontamination properties of the 
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three products under controlled laboratory conditions and the pilot RCT established the 

feasibility of a superiority RCT to test the three NC contamination approaches.  

Contribution to knowledge  

Using a multi-staged approach, this PhD research has made a significant 

contribution to knowledge in the field of NC decontamination and implications for risk 

of CABSI. Through a comprehensive appraisal and meta-analysis of existing studies of 

NC decontamination techniques and the undertaking of two primary research studies, this 

research has demonstrated the current limitations of the rationale and practice of existing 

approaches to NC decontamination and explored the feasibility of, and direction for, 

future research.  

The systematic review and meta-analysis (Flynn, Larsen et al., 2019) conducted 

in this PhD research was the first time a CHG/alcohol wipe had been compared against a 

70% IPA wipe and 70% IPA-impregnated cap in this manner, and this currently provides 

the highest level of evidence for the role of alcoholic CHG in NC decontamination. The 

systematic review and meta-analysis was published in the American Journal of Infection 

Control (Flynn, Larsen, et al., 2019), prompting conversation and interest with a Letter 

to the Editor (Glélé et al., 2019). Using rigorous laboratory testing procedures, the in vitro 

study (Flynn, Rickard, et al., 2017) explored the antimicrobial properties of the three 

decontamination products from the systematic review. The in vitro approach included 

human serum exposure, the use of three different NC designs, and various 

decontamination durations to simulate clinical practice. This supported the use of 2% 

CHG in 70% IPA wipes as the most effective of the three approaches to NC 

decontamination and highlighted the need for high-level evidence to confirm which 

method would be superior in the clinical setting. The in vitro study was published in 

Infection Control & Hospital Epidemiology (Flynn, Rickard, et al., 2017).  

Theoretical implications 

Studies of active decontamination with wipes—where the NC is required to be 

actively decontaminated for 15 or more seconds—have identified issues with compliance 

(Keogh et al., 2014). Some guidelines have pragmatically recommended five seconds of 

active decontamination, although research demonstrates this to be inadequate (Flynn, 

Rickard, et al., 2017). Passive decontamination may theoretically reduce the risk of non-

compliance in active NC decontamination when a wipe is used, as the 70% IPA-
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impregnated cap remains on the NC until the healthcare worker accesses the connector. 

However, anecdotally the 70% IPA-impregnated cap is not in wide use in Australia, and 

one reason for this may be cost. As this review suggests that the 70% IPA-impregnated 

cap may also be effective in reducing risk of NC-related CABSI, and if further research 

can demonstrate superiority of the cap over the alcoholic CHG wipes in the clinical setting 

where compliance can be assessed, the added cost would be justified in comparison to 

that of treating CABSI. The cost of an incidence of CABSI can range from US$17,896 to 

US$94,879 (Agency for Healthcare Research and Quality, 2018), suggesting that the 

initial outlay of purchasing the NC decontamination products could be cost-effective. 

The pilot RCT thoroughly evaluated the feasibility of undertaking a fully powered 

trial based on a peer-reviewed protocol registered on the Australian and New Zealand 

Clinical Trials Register (Registration number: ACTRN12615001120561). The protocol 

was published in Vascular Access (Flynn, Keogh et al., 2017). The pilot study highlighted 

several issues regarding recruitment, treatment allocation, and trial fidelity that would 

need to be considered and addressed to ensure the successful completion of a larger trial. 

These issues are also relevant to other studies exploring care and management of CVADs 

in similar populations.  

Within healthcare generally, and nursing specifically, there remains uncertainty 

in terms of evidence-base and inconsistency of approach to NC decontamination as an 

integral component of CVAD care and prevention of CABSI (Loveday et al., 2014; 

O'Grady et al., 2011). This body of research has provided knowledge that is immediately 

relevant to practice and the further development of clinical guidelines. The research has 

also provided a direction and framework for future inquiry.  

Limitations 

The two studies undertaken within the PhD research have limitations. The 

limitations of the in vitro study are intrinsic to the design, in that microorganisms are 

treated outside of their normal environment and the absence of surrounding tissues and 

supply of nutrients (Ghallab, 2013). The use of human serum in half the experiments may 

compensate to some degree; however, this cannot replicate the numerous variations and 

confounders that occur in clinical practice and would influence the relationship between 

the microorganism and the decontamination product. Hence, the in vitro approach 

provides only theoretical results that require further testing in a human trial. Furthermore, 

the decontamination time in the in vitro study was up to 30 seconds, so questions remain 
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regarding the application of such a procedure in the clinical environment. Some 

observational studies have reported that healthcare professionals may only perform NC 

decontamination for a substantially shorter period (3–5 seconds) (Keogh et al., 2014). 

Passive decontamination with a 70% IPA-impregnated cap may assist with compliance; 

however, no current studies have addressed this.  

The purpose of pilot and feasibility studies is to test the processes of a larger study 

(Leon et al., 2011), and they are limited in their applicability outside of this objective. 

The pilot study undertaken for this research project was limited to a single site in 

Queensland, Australia, with a small number of cancer care patients and the remainder 

from surgical services. These limitations were pragmatic due to the funding and 

timeframe for PhD research; however, they may also limit the ability of the findings to 

inform challenges a larger RCT could encounter, such as trial fidelity across multiple 

sites. While clinical outcomes from the pilot RCT data were explored, the absence of 

CABSI among the participants meant that the research question relating to estimates of 

CABSI incidence between the three products tested could not be answered. Also, no 

meaningful conclusions of effect or future sample size calculation can be made due to the 

limited sample size (Thabane et al., 2010). Furthermore, while NC design type (positive 

and negative pressure) was tested in the in vitro study with no significant influence on 

decontamination, the pilot RCT only tested one design (positive pressure), which may 

limit the generalisability of the results to other NC designs (Tabak, Jarvis, Sun, Crosby 

& Johannes, 2014). A further limitation of the pilot trial was that follow-up was limited 

to inpatients; a larger study should also include outpatients to improve participant 

retention and generalisability, as CVADs are increasing being utilised in home-care 

settings. Also, PICCs were the only devices studied, which limits generalisability. 

Implications for practice  

This PhD research provides valuable new knowledge to assist in answering the 

question of which NC decontamination product most effectively prevents CABSI. The 

PhD research provides the best evidence to date to guide practice, with consideration 

given to the aforementioned limitations. The outcomes of the PhD research present a 

number of recommendations for clinical practice. 
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Recommendation 1: Consider using 2% CHG in 70% IPA wipe for routine needleless 

connector decontamination  

The clinical outcomes of the pilot study suggest that regardless of the approach to 

NC decontamination, microbial colonisation of the internal surface may still occur, which 

highlights the importance of determining an effective approach to NC care. That no 

CABSI was detected in the follow-up period may also suggest that decontamination 

practices should focus on what is effective for long-term CVAD use.  

Needleless connector drying time is important to optimise antimicrobial effect and 

minimise the risk of introducing CHG into the bloodstream. The results of the in vitro 

study suggested that in practice 15–30 seconds of active decontamination time should be 

used with a 2% CHG in 70% IPA wipe; alcoholic CHG can take approximately 15 

seconds to dry (Slater et al., 2018). However, as discussed, this could be difficult to 

achieve in practice; Keogh et al. (2014) noted that 3–15 seconds active decontamination 

time is most common. Practice guidelines from the UK (Loveday et al., 2014) and the US 

(O'Grady et al., 2011) recommend 2% CHG in 70% IPA wipes as a suitable agent for NC 

decontamination. In a previous in vitro study on the duration of NC decontamination, 

Kaler and Chinn (2007) concluded that 15 seconds of active decontamination with either 

a 70% IPA wipe or a 2% CHG in 70% IPA wipe was sufficient; however, they did not 

incorporate the use of human serum into their experiment and, as previously discussed, 

this can significantly reduce the efficacy of alcoholic CHG wipe decontamination, 

particularly if combined with an active decontamination time of less than 30 seconds. 

Further education of healthcare professionals would need to be conducted to ensure they 

were aware of the implications of active decontamination and drying times on active NC 

decontamination, as well as the most effective method for preventing CABSI.  

Recommendation 2: Consider replacing needleless connectors exposed to blood. 

A novel finding of the in vitro study was that NC exposure to human serum 

significantly reduced (> 50%) the effectiveness of decontamination for all three products 

tested. Furthermore, microorganisms were cultured from the internal surface from all 

samples (n = 12) of NCs post-removal in the pilot RCT. The clinical implications of this 

finding suggest routinely changing NCs after blood draws or transfusions, particularly in 

vulnerable patient populations that may be immune compromised. For example, patients 

with a CVAD in situ to treat haematological malignancy are known to have the CVAD 

accessed for blood draws and/or blood product transfusions, and are particularly at risk 
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of CABSI (Mollee, Jones, Stackelroth, Van Kuilenburg, Joubert, Faoagali et al., 2011). 

This recommendation may be limited due to some NCs being fixed to intravenous tubing, 

making changing the NC impossible. 

Recommendations for policy 

Recommendation 1: Update local, state and national guidelines to adopt a consistent 

approach to needleless connector decontamination. 

Literature reviewed in this PhD research suggests that most healthcare workers 

only perform NC decontamination for approximately 3–4 seconds with a similar drying 

time (Keogh et al., 2014). As the in vitro study showed, this is an inadequate timeframe 

and will not give the decontamination product time to minimise the microorganisms on 

the external surface of the NC or allow the NC to dry, which will potentially increase the 

risk of the decontamination fluid being infused into the patient’s bloodstream. A 

contributing factor to the potential inadequacy of current NC decontamination practice is 

the inconsistency of clinical guidelines that outline practice recommendations for active 

NC decontamination in terms of duration (Loveday et al., 2014; O'Grady et al., 2011), 

likely due to inadequate evidence. Ongoing education of healthcare workers would be 

key in addressing the practice gaps that currently exist in clinical practice, and part of this 

education would need to include the reasons for NC decontamination time and drying 

time, as shown in the in vitro study. This issue may contribute to, or be compounded by, 

the wide variations in practice noted in this and other studies that reported inconsistent 

practice in vascular access device management (Casey & Elliott, 2007; Keogh et al., 

2014). 

As stated, international clinical practice guidelines (Loveday et al., 2014; O'Grady 

et al., 2011) and relevant policies at the study site make inconsistent recommendations 

with regard to NC decontamination, which may contribute to variable practice (Keogh et 

al., 2014). A recommendation from this research is that, until high-level evidence is 

available in this field, stakeholders, such as guideline developers, should collaborate on 

a broadly acceptable approach (such as at least a 15-second NC decontamination and 

drying time) that incorporates the findings of this PhD research. The importance of good 

NC practice needs to be reiterated first and foremost, prior to making recommendations 

about possible products and techniques. 
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Implications for research 

This PhD research has contributed to a better understanding of NC 

decontamination. Further research will be required beyond the scope of this PhD research 

to definitively answer the question: In patients with a CVAD, which product, 70% IPA 

wipe, 2% CHG in 70% IPA wipe, or a 70% IPA-impregnated cap, will more effectively 

prevent CABSI? Although the 2% CHG in 70% IPA wipe performed the most effectively 

in the in vitro study and the systematic review of observational studies, further research 

in the form of superiority RCT is needed. 

Recommendation 1: Undertake a superiority RCT of NC decontamination of three 

products: 70% IPA wipe; 2% CHG in 70% IPA wipe; and a 70% IPA-impregnated cap 

to prevent CABSI in CVADs. 

A rigorous and appropriately powered multi-site RCT of NC decontamination 

solutions and methods is feasible and urgently required to provide evidence that can 

inform clinical policy and practice. Randomised controlled trials and systematic reviews 

of high-quality RCTs are needed to understand the cause and effect of relationships 

(National Health and Medical Research Council, 2019b). The systematic review and 

meta-analysis in this thesis demonstrated the dearth of high-level evidence to inform NC 

decontamination practice, although observational studies and in vitro studies suggest the 

superiority of both the 2% CHG in 70% IPA wipe and the 70% IPA-impregnated cap over 

70% IPA wipe alone. In addition, the 70% IPA-impregnated cap is considerably more 

expensive (approximately A$0.23 each); therefore, it is necessary to perform an RCT to 

establish the most effective product to prevent CABSI. 

This PhD research has demonstrated the feasibility of a well-resourced, 

superiority RCT—comparing the 70% IPA wipe (control), the 2% CHG in 70% IPA wipe, 

and the 70% IPA-impregnated cap—to provide knowledge of the most effective NC 

decontamination product. As no cases of CABSI were reported within the limited sample 

size required for the pilot trial, no inferences in terms of effect can be drawn to inform 

the numbers of participants required for a larger study. Given that in the pilot RCT there 

were no infections and no serious adverse events related to study products, it appears all 

products are safe to use and have some level of effectiveness, even though the 

comparative effectiveness over time is not yet fully understood. It is important to study 

participants for the life of the CVAD and across care settings in order to detect the primary 

outcome of CABSI. Such an estimation would need to be based either a priori or, as no 
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previous RCTs have been conducted in this specific area, on a broader exploration of 

research of CABSI rates in other CVAD trials.  

The research would require a multi-site design, including stratification by 

participating site and patient admission group (i.e., elective surgical, emergency surgical, 

oncology surgical, and haematological) to improve generalisability, and outpatient 

CVAD management should be included to assist with recruitment. The study should 

include an investigation of staff attitudes towards the trial interventions to gauge impact 

on practice and assist with knowledge translation. This could be a combination of survey 

and interview data. Given the variations in cost between the 70% IPA wipe, 2% CHG in 

70% IPA wipe, and the 70% IPA-impregnated cap, a longitudinal exploration of health 

economic outcomes should be included in the trial design. This PhD research has 

highlighted the lack of high-quality evidence and the relative inferior performance of the 

70% IPA wipe; however, questions remain about the use of the alcoholic CHG wipe due 

to the residue that remains in place on the NC once decontamination has been completed.  

Recommendation 2: Investigation of the incidence of microorganism colonisation of the 

internal surface of the NC and its relationship with clinical factors. 

The results of the in vitro study suggest that microorganisms colonise the internal 

surface of NCs, which can potentially lead to CABSI. A prospective cohort study of 

CVADs incorporating assessment of the colonisation of the internal surface of the NC 

and the internal surface of the CVAD tip is recommended. This could be achieved by 

collecting the tip of the CVAD upon device removal and sending it to a microbiologist 

for testing to assess for any microorganisms adhered to the internal surface of the CVAD. 

This should be incorporated into the aforementioned superiority RCT as a 

microbiological endpoint, with exploration of the association between internal surface 

colonisation, decontamination method, and clinical signs of infection (Casey et al., 2003). 

This would provide a better understanding of the role NCs and CVADs play in the 

development of CABSI.  

Recommendation 3: The process of active decontamination of the NC be further 

investigated in adult populations. 

In terms of active decontamination, both the optimal scrub time and the optimal 

drying time of the NC remain unclear. Needleless connector drying time is important not 

only for microorganism removal from the NC but also to ensure that the decontamination 

solutions are not injected into the patient. Drying time may change depending on the 



 

Julie Flynn s2785628 Discussion and Conclusion Page 147 

product used; for example, 2% CHG in 70% IPA wipes take longer to dry than 70% IPA 

wipes (Slater et al., 2018). Although the in vitro study established 15–30 seconds active 

decontamination time may be needed, this could be impractical in clinical practice; a 

time-and-motion study observed 3–15 seconds active decontamination time is most 

common among healthcare professionals (Keogh et al. 2014). Further education of 

healthcare professionals would need to be conducted to ensure they were aware of the 

implications of active decontamination and adequate drying times on active NC 

decontamination and CABSI prevention.  

Final summary 

Needleless connectors are important medical devices. They are applied to almost 

all vascular access devices and are commonly used throughout healthcare settings. They 

were introduced to reduce the incidence of needle stick injury to healthcare workers; 

however, without effective decontamination prior to use, they may be a source of CABSI. 

Catheter-associated bloodstream infection is a significant factor in patients’ morbidity, 

mortality, and quality of life, and a cost burden to healthcare facilities, and therefore the 

risk of CABSI needs to be reduced.  

Improving CVAD outcomes through effective NC decontamination and CABSI 

prevention is important to nursing practice, as nurses are the healthcare workers who most 

commonly use these products and perform the care and maintenance of these devices. 

This PhD research has contributed new evidence to underpin practice in this important 

area of healthcare. The research has suggested that, based on the secondary outcomes of 

the pilot study, microbial colonisation of the internal surface of the NC may still occur 

despite current decontamination practices. Furthermore, the in vitro research suggests that 

NC decontamination with the 2% CHG in 70% IPA wipe for 15 to 30 seconds is likely 

the most effective approach. However, these preliminary conclusions require further 

high-quality research to confirm the most effective approach. Decontamination of NCs is 

often poorly practised and, although not a finding of this PhD research, education could 

be key to rectifying this position, as many clinicians may not appreciate the relevance and 

importance of the NC decontamination process. 

This PhD research has demonstrated the need for and feasibility of (with suitable 

design modifications) conducting a superiority RCT of three different NC 

decontamination methods (70% IPA wipe; 2% CHG in 70% IPA wipe; and 70% IPA-

impregnated cap) to provide high-level evidence on the most efficacious product for NC 
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decontamination and reduce the risk of microorganisms entering the NC and CVAD, and 

potentially the patient’s bloodstream. This PhD research has demonstrated the possibility 

for effective decontamination of the NCs in CVADs and a resulting reduction in related 

CABSI. This could be achieved through ongoing high-level research with input from 

stakeholders such as nurses and policymakers. Nurses are the healthcare providers most 

likely to use the NC multiple times every day, and NC decontamination is currently 

underpinned by low-quality research. Nursing research in this field is vital to improve 

patient and healthcare outcomes. 
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Needleless connector decontamination: To use, or not to use, chlorhexidine? 

Since the introduction of a needleless connector (NC) on vascular access devices 

in the early 1990s to minimise the risk of needle stick injuries to healthcare workers, their 

use is now well established. Unfortunately, there have been intermittent reports from 

facilities that have seen an increase in bloodstream infections (BSIs) thought to be 

associated with NC use (Jarvis, 2010; Jarvis et al., 2009). 

Well-established guidelines (Loveday et al., 2014; O'Grady et al., 2011) advise 

the use of chlorhexidine (CHG) in 70% alcohol or povidone iodine wipes for 

decontamination of the NC prior to each access. If NC decontamination is ineffective or 

missed, significant microorganisms remain on the NC. Slater (2017) and colleagues 

swabbed NCs attached to peripheral intravenous catheters that had not been 

decontaminated, on patients in medical wards, finding 50% of connectors were 

contaminated with microorganisms commonly found on the skin or mouth. Holroyd et al. 

(Holroyd, Vasilopoulos, Rice, Rand & Fahy, 2017) observed 44% bacterial 

contamination of central venous catheter hubs in an Intensive Care Unit, with two of the 

three patients with BSIs having the same organisms present on the NC and in the blood, 

firmly establishing the link between NC contamination and BSI. 

The combined use of alcohol and CHG as a skin disinfectant prior to vascular 

device insertion is well established as being superior to alcohol or CHG alone (Frasca, 

Dahyot-Fizelier & Mimoz, 2010; Maiwald & Chan, 2012). As institutions implement 

alcoholic CHG for routine skin preparation, anecdotal reports indicate some have also 

adopted alcoholic CHG as their routine NC decontaminant. This may be due to presumed 

superiority for this use, or a desire to streamline product purchasing and storage. We 

believe this requires some cautious thought. The properties of skin and NCs 

(plastic/silicone) differ markedly, and it is unclear what effect alcoholic CHG will have 

on the NC, in terms of microorganism reduction, and in material compatibility.  

Unlike skin, the superiority of alcoholic CHG for NC decontamination has not 

been established in the clinical environment, compared to other antiseptics. There is some 

in vitro evidence on the use of alcoholic CHG wipes for NC decontamination, compared 

to 70% alcohol wipes or caps. Two studies found CHG in alcohol wipes to be superior to 

70% alcohol wipes; however, when NCs were coated with serum, to mimic clinical use, 

serum exposure reduced the effectiveness of decontamination in all groups, including the 
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CGH in alcohol arm (Flynn, Rickard, Keogh & Zhang, 2017; Mazher, Kallen, Edwards 

& Donlan, 2013). A small number of human studies have suggested superiority of CHG 

in 70% alcohol wipes (Bishay et al., 2011; Pichler, Soothill & Hill, 2014; Soothill et al., 

2009) over 70% alcohol wipes to prevent infection, although none have been randomised, 

increasing the risk of confounding and bias, and none included the effect on the physical 

NC as an outcome. Further, alcoholic CHG wipes have not been tested against alcohol-

impregnated caps in human studies. 

Alcoholic CHG leaves a residue on the external surface of the NC and it is unclear 

if this assists in prolonged antimicrobial effect as suggested by Hong (2013), or whether 

it potentially degrades the NC over time. With repeated use (multiple accesses of NCs 

every day) this residue may build up and become sticky, and even attract adhesion of 

environmental materials to the NC surface. Also, if there is inadequate dry time, it is 

conceivable that some CHG be injected/infused into the patient.  

In 1998, the FDA issued a public notice about serious hypersensitivity reactions 

to chlorhexidine use on skin. Although rare, CHG reactions can be life-threatening 

(Aschenbrenner, 2017) and could increase in number if it becomes in widespread use for 

NCs. Naturally, it remains important to establish if a patient has a sensitivity to any skin 

antiseptic prior to use, but this does not always occur. A further issue is regulatory 

approval. For example, the Australian Therapeutics Goods Administration (TGA) has not 

licensed alcoholic CHG wipes for use on devices such as NCs, as it has for use as a skin 

antiseptic. This does not mean that they cannot be used for NC decontamination; however, 

questions about their use remains unanswered with no packaging information to guide 

practice. 

A final consideration is cost. CHG in alcohol wipes are typically more expensive 

than alcohol alone (e.g., 70% alcohol prep pads, A$3.69 for 200; 2% CHG in 70% alcohol 

prep pads, A$4.69 for 200, both Reynard, Artamon, https://www.pharmacydirect.com.au/ 

accessed 17 Jan 2018). While these are low-cost products, the sheer volume used annually 

means small purchase differences can substantially increase institutional costs. 

To streamline skin preparation and NC decontamination product ranges, many 

healthcare facilities have already changed to NC decontamination with alcoholic CHG 

wipes. Given the potential issues surrounding the use of CHG in alcohol wipes for NC 

decontamination, it would be prudent to conduct further laboratory and clinical studies to 
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ascertain if CHG is in fact superior to other antiseptics, and if there are any adverse effects 

on patients or the NC materials. 
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Appendix B: Pilot RCT protocol published in Vascular Access 
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Evaluating methods for effective decontamination of central venous access devices 

needleless connectors in adult hospital patients: A pilot randomised control trial 

protocol 

 

Abstract 

Background 

The importance of decontaminating needleless connectors prior to accessing central 

venous access devices (CVADs) to prevent CVAD associated bloodstream infection has 

been highlighted. However, the optimal decontamination time and solution is still under 

evaluated.  

Aim 

This study will compare different decontamination methods of CVAD needleless 

connectors in adult patients. The aims of this pilot trial are to assess: recruitment 

feasibility; data collection strategies; proposed methods; and to test the interventions with 

the control to determine an adequate sample size for a future larger clinical trial. 

Design  

A single centre, parallel, pilot randomised control trial with a superiority design. 

Methods 

There will be three arms: 70% isopropyl alcohol wipe (control); 2.0% chlorhexidine 

gluconate in 70% isopropyl alcohol wipe; and a 70% isopropyl alcohol impregnated cap. 

The primary outcome of this pilot trial is to assess feasibility for a future larger clinical 

trial. The secondary outcome is CVAD associated bloodstream infection. In total, 120 

patients will be recruited over 6 months with four weeks follow up. Prospective patients 

who are scheduled to have a CVAD inserted will be eligible. Randomisation will be 

computer generated, central and concealed until allocation. Due to the nature of the 

interventions it will not be possible to blind clinicians or patients. 

Discussion 

Preventing CVAD associated bloodstream infection in hospitalised patients is vital. The 

interventional decontamination techniques, which demonstrated superior for prevention 

of CVAD associated bloodstream infection, would improve patient outcomes, reduce 

patient morbidity and mortality, and healthcare associated costs. 
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Trial Registration: ACTRN12615001120561 

Keywords: bloodstream infection; CABSI; central venous access device; CVAD; 

needleless connectors; nursing. 

Introduction  

A large number of hospital inpatients require a central venous access device 

(CVAD) for the administration of intravenous fluids, medications, blood products, blood 

sampling and specialised treatments (Green, 2008). CVADs are accessed by nurses via 

needleless connectors (NCs) multiple times every day, with NCs either connected directly 

to the CVAD, or to entry points on the infusion tubing. Nurses disinfect NCs before each 

access so as not to introduce microorganisms from the injectable surface of the NC into 

the bloodstream; which can lead to CVAD associated bloodstream infection (CABSI) 

(Mahieu et al., 2001). The introduction of NCs was to prevent needle stick injuries and 

risk of healthcare worker exposure to blood borne viruses such as hepatitis, but this 

technology has in some cases, coincided with an increased rate of bloodstream infections 

(Jarvis, 2010; Jarvis et al., 2009; Menyhay & Maki, 2006). The causes of this involve 

connector design, patient and practice factors. This research will focus on the effective 

decontamination of NCs to prevent the introduction of micro-organisms into the 

bloodstream. To our knowledge, there have been no previous RCT of NC 

decontamination methods. 

Background 

The importance of NC decontamination prior to accessing the CVAD is 

highlighted by many clinical practice guidelines (Loveday et al., 2014; O'Grady et al., 

2011). However, the standard for the decontamination time and the optimal 

decontamination solution (antiseptic) is still lacking. Some studies show a 

decontamination time range between 10 to 30 seconds using friction and 70% isopropyl 

alcohol (IPA) wipe is required (Lockman, Heitmiller, Ascenzi, & Berkowitz, 2011; 

Simmons, Bryson, & Porter, 2011; Zack, 2008). The use of chlorhexidine in alcohol for 

skin antisepsis has been widely tested and shown to be superior to other antiseptics prior 

to device insertion (Ayoub, Quirke, Conroy, & Hill, 2015; Lee, Agarwal, Lee, Fishman, 

& Umscheid, 2010; Mimoz et al., 2015; Privitera et al., 2017), however research is 

lacking on the effectiveness of chlorhexidine in alcohol for NC decontamination. An in 

vitro study by Flynn, Rickard et al. (2017) suggest that scrubbing the NC with 
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chlorhexidine in alcohol can decrease microbial contamination of microorganisms, such 

as Staphylococcus aureus, however this needs to be confirmed in a clinical trial. 

The Centers for Disease Control and Prevention (CDC) Guidelines for the 

Prevention of Intravascular Catheter-related Infections advise NC decontamination with 

a chlorhexidine in alcohol preparation. However, they do not mention a specific duration 

for this procedure, other than stating that 70% alcohol solution for 3 to 5 seconds is not 

adequate (O'Grady et al., 2011). The National Evidence Based Guidelines for Preventing 

Healthcare Associated Infections in National Health Service Hospitals in England (Epic3) 

recommend NC disinfection for a minimum of 15 seconds with 2% chlorhexidine 

gluconate (CHG) in 70% IPA, then allowing it to dry prior to accessing the system 

(Loveday et al., 2014). The Queensland Health I-Care Guideline for Tunnelled Central 

Venous Catheters recommends meticulously cleaning the connector with a single-use 

70% alcohol-impregnated wipe, or an alcoholic CHG wipe, and allowing the connector 

to dry before accessing the CVAD system (Queensland Government, 2015b). With each 

guideline having differing recommendations, clinicians have difficulty deciding which 

method is optimal.  

Current options/products for NC decontamination 

Seventy percent IPA wipes are the current standard practice for NC 

decontamination, however there is no high-quality evidence to support this product. An 

alternative to the 70% IPA wipe is the CHG in 70% IPA wipe which has been shown to 

reduce the rate of bloodstream infection in some studies (Casey et al., 2003; Pichler, 

Soothill, & Hill, 2014; Soothill et al., 2009). In the study by Pichler et al. (2014) the 

catheter related bloodstream infection (CRBSI) rate per 1000 catheter days decreased 

from 3.1/1000 (n = 10/42) to 0.4/1000 (n = 3/50) p=0.03, after the CHG in 70% IPA wipe 

was introduced. Another option for NC decontamination is a single use 70% IPA 

impregnated cap left in place on the NC in between use. Several pre-test/post-test studies 

(Cameron-Watson, 2016; DeVries, Mancos, & Valentine, 2014; Kamboj et al., 2015; 

Merrill, Sumner, Linford, Taylor, & Macintosh, 2014; Nicolás et al., 2015; Patel et al., 

2016; Ramirez, Lee, & Welch, 2012; Stango, Runyan, Stern, Macri, & Vacca, 2014; 

Sweet, Cumpston, Briggs, Craig, & Hamadani, 2012; Wright et al., 2013) have tested this 

method against the 70% IPA wipe. All studies concluded that the IPA cap reduced the 

rate of bloodstream infection or contamination rates. Thus far, the CHG wipe and the IPA 

impregnated cap have not been tested against each other. 
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Aim 

The aims of this pilot trial was to assess: feasibility; data collection strategies; 

proposed methods; and to test the interventions with the control to determine an 

appropriate sample size for a future larger clinical trial.  

Research questions:  

• Is it feasible to conduct a full-scale randomised control trial to compare three NC 

decontamination products in patients with a CVAD, considering eligibility, 

recruitment, retention, attrition, protocol compliance and missing data? 

• In patients with a CVAD, is NC decontamination with CHG in 70% IPA wipe 

(intervention 1), or 70% IPA impregnated caps (intervention 2), compared to 

decontamination with 70% IPA wipe (control), more effective for the prevention 

of CABSI? 

Hypothesis 

Null hypothesis (HO): There will be no difference in rates of CABSI between groups 

Alternate hypothesis (HA1): There will be a significantly lower rate of CABSI in the CHG 

in 70% IPA group compared to the control group. 

Alternate hypothesis (HA2): There will be a significantly lower rate of CABSI in the 70% 

IPA impregnated NC cap group compared to the control group. 

Design/Methodology 

A parallel, single-blind pilot randomised control trial will be conducted in adult patients 

with a CVAD. The trial will have a superiority design. 

Setting/location 

The study will recruit participants located in a public tertiary metropolitan hospital: The 

Royal Brisbane & Women’s Hospital, Queensland, Australia. 



 

Julie Flynn s2785628 Appendices Page 192 

Study population 

The study population will include any eligible adult hospitalised patient undergoing 

treatment that requires insertion of a PICC (Peripherally inserted central catheter) or 

Hickman catheter (a tunnelled cuffed catheter).  

Eligibility criteria 

Inclusion criteria:  

• Patients ≥ 18 years of age 

• Requiring a CVAD to be inserted for ≥ seven days 

• Able to provide informed consent  

Exclusion criteria:  

• Current bloodstream infection within previous 48 hours 

• Non-English speaking without an interpreter 

• Previous recruitment to study in current hospital admission (only one CVAD to 

be studied per patient) 

Recruitment 

On a daily basis, Monday thru Friday, a Research Nurse will review the CVAD 

insertion list and liaise with the unit clinical lead to identify all potentially eligible 

participants hospitalised over the study period. Patients initially deemed suitable will be 

approached by their ward nurse to ascertain their willingness to consider participation. If 

agreeable, patients will then be provided with written information regarding the trial and 

a verbal explanation from the investigator. They will be given time to consider the 

information, opportunity to ask questions and have these answered. If patients consent, 

they will sign a consent form. 

Study groups 

Control: Participants allocated to this group will have their CVAD NCs decontaminated 

using a 70% isopropyl alcohol (IPA) (Alcohol Prep Pads, Reynard, New Zealand) 

disposable wipe (0.6 mL). Prior to any procedure requiring CVAD access the NCs will 

be swabbed for 5 seconds and allowed to visibly dry. This approach is standard care 

within the participating units. 
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Intervention 1: Participants allocated to this group will have their CVAD NCs 

decontaminated using a 2.0% chlorhexidine gluconate + 70% IPA (Alcohol and 

chlorhexidine Prep Pads, Reynard, New Zealand) disposable wipe (0.6 mL). Prior to any 

procedure requiring CVAD access the NCs will be swabbed for 15 seconds and allowed 

to visibly dry.  

Intervention 2: Participants allocated to this group will have their CVAD NCs 

decontaminated using 70% IPA impregnated cap (SwabCap, ICU Medical, USA). The 

cap will be screwed into place on the NC and remain in place until nursing staff are 

required to inject medications into the connector. The cap will be discarded, and a new 

one applied once each treatment has been completed. The cap can stay in position for up 

to one week and is required to be in position for at least 5 minutes prior to use so that 

decontamination can take effect. 

Outcomes 

Primary/Feasibility outcomes 

• Proportion of screened patients who are potentially eligible 

• Proportion of eligible participants who are recruited 

• Compliance with the trial interventions (measured twice weekly while participant 

recruited to study) 

• Completeness of data collection for primary outcomes  

• Proportion lost to follow up or withdrawn participants 

Feasibility outcomes will be measured at the time of screening, request for 

consent, and at device removal, patient discharge or four weeks after recruitment, unless 

otherwise stated. 

 

Secondary outcomes: Proportion of participants with a CABSI infection acquired while 

participating in the study, and rate of CABSI infections per 1,000 CVAD days. Data for 

the primary outcome will use laboratory results from pathology specimens collected by 

clinical staff in response to suspected CVAD related infections. The BSI outcome 

(yes/no) will be made by a blinded rater who will be provided with de-identified 

information. Only one CVAD per patient will be studied, not from subsequently inserted 

CVADs, thus the patient is the unit of measurement. Time of follow up will be at device 

removal, patient discharge or four weeks after enrolment in the study, whichever occurs 

first. 
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• Primary bloodstream infection 

• Catheter related bloodstream infection  

• MBI-LCBI: mucosal barrier injury laboratory confirmed bloodstream infection. 

• CVAD tip colonisation of  >15 CFU (colony forming units)  

• Local infection 

• Duration from CVAD insertion to removal (dwell time) as recorded in clinical 

documentation (measured at study completion) 

• Type and proportion of specific microorganisms present within the NCs. 

Approximately ten per cent of participants will have a NC examined by a research 

microbiologist for identification and quantification of residual microorganisms 

(measured during participant enrolment of study)  

• Participant mortality within 48 hours of participant trial completion   

Secondary outcomes will be measured at device removal, patient discharge or four weeks 

after recruitment, unless otherwise stated. 

Sample size  

We will recruit 120 randomised participants to assess feasibility of study 

outcomes, recruitment and retention procedures (Figure 1A). Sample sizes of 40 per 

group (inclusive of 10% for attrition) are considered sufficient (Hertzog, 2008) to inform 

sample size calculations and establish study feasibility of subsequent larger studies. 

 

 

Figure 1A: Recruitment flow diagram 
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Randomisation and blinding 

Randomisation will be computer generated and undertaken electronically using 

an independent centralised service. Once written consent has been provided, the Research 

Nurse will access the service to randomise the patient at the time of participant entry to 

the study. Permuted blocks of randomly varied size, to avoid allocation prediction, will 

be generated using a 1:1:1 ratio to the two interventions and the control groups. Due to 

the nature of the interventions it will not be possible to blind clinicians or patients; 

however, the microbiologist and hospital laboratory scientists and BSI rater will be 

blinded to treatment group. 

CVADs and NC use and procedures 

Peripherally inserted central catheters (PICCs), and Hickman catheters (tunnelled 

CVADs), will be studied. The PICCs will be inserted by Registered Nurses in Radiology 

or Wattlebrae procedure room, and the Hickman catheters will be inserted surgically. The 

patient groups that will be included in the study will be from Oncology and Surgical 

wards. Patients will have their intravenous infusion lines changed every third day, and 

NCs (Smartsite, Carefusion or MaxPlus, Carefusion) at the catheter hub will be changed 

every seven days as per hospital policy. CVADs will be cared for by clinical staff as per 

hospital policy. Medical staff will order blood cultures as required. Blood cultures are 

generally ordered when a patient has a temperature of 38.0C or greater in the cancer care 

population, or at 38.5C in the general medical and surgical wards. The medical staff will 

determine if a CVAD is required to be removed. Research staff and investigators will not 

be involved in the decision to remove CVADs or to undertake blood cultures. 

Data collection 

Data will be entered directly into REDCap (Research Electronic Data Capture 

http://project-redcap.org/) using a portable electronic device. Characteristics collected at 

baseline will include: age, gender, diagnosis, immunosuppression status, weight category, 

CVAD type, CVAD insertion site, date of insertion, number of lumens. The Research 

Nurse will review participants’ and their medical notes twice per week, until 48 hours 

after participant no longer in the study, to assess for serious adverse events (e.g. positive 

blood cultures, death) and therapy given through the NC (e.g. blood transfusions). Data, 

such as blood culture reports, will be obtained by the Research Nurse from patient charts, 

notes and computer systems.  
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Once a patient is no longer in the trial, laboratory results for blood, tip, discharge 

and other cultures will be reviewed to extract data for infection and mortality outcomes. 

A blinded medical rater will be supplied with the data to rate infection outcomes. 

Approximately 10% of participants will have a NC subjected to microbiology testing in 

the research laboratory to determine if bacteria have grown on the internal NC surface. 

These are usually discarded in the hospital. The research nurse will liaise with ward staff 

to ascertain when the patient is due for a line change so that the NC can be collected when 

no longer required. The NC will then be placed into a specimen jar for storage in a 

refrigerator for a maximum of seven days, whereby the microbiologist will collect the NC 

for transport the Griffith University laboratory. 

Trial fidelity 

In this pilot study there is the potential for cross-over between groups resulting in 

protocol violations if nurses use the incorrect decontamination product. A number of 

strategies will be employed to minimise cross-over and maintain treatment fidelity, 

specifically: 

• Education and in-service presentations, conducted by the principal investigator, 

will be provided to nurses for one month prior to the commencement to the study. 

A record will be kept of staff that have completed the sessions, and it is anticipated 

that approximately 80% of nurses will attend the sessions prior to the study 

commencement.  

• Empower patients, as appropriate, to remind nurses which arm of the study they 

are allocated to 

• A label will be attached to each NC to indicate which arm of the trial the 

participant has been allocated  

• A sign within the bedside chart and on the patient’s bed will also indicate which 

arm of the trial the participant has been allocated  

• For those participants allocated to groups requiring NC decontamination with 

either the CHG wipe or the IPA impregnated cap, a container located at the 

bedside will hold a supply of the allocated products. 

• A one-page fact sheet will also be made available to all staff within the 

participating wards.  



 

Julie Flynn s2785628 Appendices Page 197 

• Twice weekly visits will be attended to conduct audits of product supplies. The 

investigator will also be available for any questions or concerns that ward staff 

may have. 

• The Research Nurse will perform random audits of the nurse’s actual practice to 

determine protocol non-compliances. If <20% accesses are not using correct 

method this would be considered per protocol. 

Statistical analyses 

Feasibility outcomes will be reported descriptively and analysed against objective 

targets formulated based on previous pilot trials (Keogh et al., 2016; Marsh et al., 2015): 

≥70% of patients screened will be eligible; ≥70% of eligible participants will agree to 

enrol; ≥80% of participants in the intervention groups will receive their allocated 

treatment; there will be less than 5% attrition/drop out of randomised patients; there will 

be less than 5% missing data. Participant data will be analysed on an intention to treat 

basis, with patients being the unit of measure (one CVAD per patient studied). Data will 

be analysed using PASW Statistics (SPSS Inc.). Descriptive statistics will be used to 

summarise demographics. Comparability of groups at baseline will be assessed using 

clinical parameters. The feasibility of the statistical analysis that will be used in the larger 

trial will be tested. Relative incidence rates of BSI with 95% confidence intervals (CIs), 

and cox regression will be used to test difference between study groups. Kaplan-Meier 

survival curves (with log rank test) will compare CVAD failure due to BSI over time 

between groups. Secondary endpoints will be compared between groups using parametric 

or nonparametric techniques as appropriate. A per protocol analysis will consider the 

effect of protocol violations. A p value of ≤ 0.05 will be considered statistically 

significant.  

Ethical considerations 

The trial has been approved by the Royal Brisbane and Women’s Hospital HREC 

(HREC/15/QRBW/553), and the Griffith University HREC (GU Ref No: 2016/410). 

Registration with the Australian New Zealand Clinical Trials Registry (ANZCTR) has 

also been completed (ACTRN: 12615001120561). All three products to be tested are 

already used by various hospitals around the world, and so there is no risk to participants 

higher than that inherent in current practice. Eligible patients will be given an Information 

Sheet and it will be ensured that they have time to read this, fully understand it and have 

an opportunity to ask questions. If consent is given, participants will receive a copy of the 
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Information Sheet, Consent Form and Revocation of Consent Form in the event that they 

wish to withdraw. Adverse events related to the study products will be recorded, and 

Serious Adverse Events will be reported to the Human Research Ethics Committee. The 

principles of the NHMRC’s National Statement on Ethical Conduct for Human Research 

will be adhered to throughout the conduct of the study. Anonymity and confidentiality of 

information will be protected. Data storage will be electronic and secured by username 

and password access. Any non-electronic data will be stored in a locked cabinet in a 

locked room. The investigator will ensure that this study is conducted in full conformance 

with principles of the “Declaration of Helsinki”. A DSMC will not be convened for this 

pilot trial since the timeframe for recruitment is short. 

Aboriginal and Torres Strait Islander women 

The research team are aware of, and will follow, the National Guidelines for 

Ethical Conduct in Aboriginal and Torres Strait Islander Research. Aboriginal and Torres 

Strait Islanders represent approximately 3.5% of patients at the participating site. We have 

designed the recruitment with the aim of ensuring all patients who fit the criteria are 

offered participation in the study. We can assume that a small number of these will be 

Aboriginal and Torres Strait Islanders. 

Discussion 

This pilot randomised control trial (RCT) will seek to determine if a larger, full 

scale RCT is feasible to conduct. Feasibility elements such as eligibility, retention and 

attrition, protocol adherence, missing data will be tested. Findings from this pilot study 

will assist in the development of a larger RCT that will have important implications for 

clinical practice, policy decisions, education and patient outcomes. 
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Appendix E: Expanded table of characteristics for the systematic review in Chapter 2 

Author, 

year, 

country 

Setting Sample size Study design and methods Control Intervention Statistical analysis CABSI type* 

(Outcome 

measure) 

CABSI rates† and Conclusion 

Cameron-

Watson et 

al., 2016, 

UK 

Various patient 

populations 

with a PIVC, 

CVAD or 

arterial catheter 

Control: ND 

Intervention: 

1094 

Quasi-experimental, pre-

test/post-test design 

Study was undertaken for a 

6-month period 

Compliance with the alcohol 

impregnated cap was 

collected monthly. 

The AIC (Curos®) was 

screwed into place and 

remained in position for three 

minutes before disinfection 

was achieved and can stay in 

place for up to seven days. 

70% IPA 

wipe 

70% IPA 

cap 

Descriptive  CRBSI^ Combined rates: 

Control: 26/ND 

Intervention: 8/1094 (0.82%) 

 

Line bacteraemia decreased post 

introduction of the intervention. 

DeVries et 

al., 2014, 

USA 

Adult ICU 

patients with a 

CVAD or 

PIVC 

Control: 

185,950 

patient days 

Intervention: 

187,444 

patient days 

Quasi-experimental, pre-

test/post-test design 

Study was undertaken for a 

3-month period.  

Compliance with the 

intervention was not checked. 

The AIC (SwabCap®) was 

screwed into place on the NC 

and had to be in position for 

at least five minutes before 

disinfection was complete. 

70% IPA 

wipe 

70% IPA 

cap 

Not described BSI^ Control: 0.0075/1,000 

Intervention: 0.0038/1,000 

 

Our institution achieved 

substantial BSI reductions, some 

statistically significant, by 

applying a disinfection cap to 

both PIVCs and CVADs. 
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Author, 

year, 

country 

Setting Sample size Study design and methods Control Intervention Statistical analysis CABSI type* 

(Outcome 

measure) 

CABSI rates† and Conclusion 

Kamboj et 

al., 2015, 

USA 

High risk units; 

and general 

oncology with 

a CVAD 

Control: 84, 

427 catheter 

days 

Intervention: 

83, 659 

catheter days 

Quasi-experimental, pre-

test/post-test design 

Study was undertaken over 

32 months. 

Compliance of study 

products was not undertaken. 

The AIC (SwabCap®)is 

changed after each access or 

at 7 days if not accessed 

70% IPA 

wipe 

70% IPA 

cap 

All comparisons were 

performed using χ2 

test for 2 population 

proportions with 95% 

confidence intervals; 

a 2-tailed α < 0.01 

was considered 

statistically 

significant. 

CLABSI Phase 1: 2.84/1,000 (control)& 

Phase 2: 2.46/1,000 (control)& 

Phase 3; 2.40/1,000 (intervention)& 

Phase 4: 1.75/1,000 

(intervention)& 

 

Routine use of disinfection caps is 

associated with decreased 

CLABSI rates among high-risk 

hematology oncology patients and 

a reduction in blood culture 

contamination among all 

oncology patients. 

Martino et 

al., 2017, 

USA 

Burns patients 

with a CVAD 

Control: 107 

Time 1: 153 

Time 2: 136 

Time 3: 287 

Quasi-experimental, pre-

test/post-test design. 

Study was undertaken over 

30 months. 

Effectiveness of the alcohol 

impregnated cap was 

monitored, and staff 

education was assessed. 

The AIC (Curos®) method of 

application was not 

described. 

70% IPA 

wipe 

70% IPA 

cap 

Descriptive, Linear 

Regression, Analysis 

of Variance 

(ANOVA) and non-

parametric statistics 

were used to evaluate 

the findings. 

Significance was 

accepted at the p < 

0.05 level. 

CLABSI^ Control: 7.43/1,000 

Time 1: 2.36/1,000 (intervention) 

Time 2: 9.0/1,000 (intervention) 

Time 3: 3.04/1,000 (intervention) 

 

Introduction of an alcohol 

impregnated central venous line 

port protector can reduce the 

incidence of CLABSI in a burn 

unit. 
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Author, 

year, 

country 

Setting Sample size Study design and methods Control Intervention Statistical analysis CABSI type* 

(Outcome 

measure) 

CABSI rates† and Conclusion 

Merrill et 

al., 2014, 

USA 

New-borns and 

adults with a 

CVAD 

Control: ND 

Intervention: 

ND 

Quasi-experimental, pre-

test/post-test design. 

Study was undertaken over 

24 months. 

Compliance with study 

products was conducted 

weekly. 

The AIC (Curos®) was 

attached to the NC and was 

effective within 3 minutes of 

application and may be used 

for up to 7 days. 

Not 

specifica

lly stated 

70% IPA 

cap 

A generalized linear 

model using a 

Poisson distribution 

was fit to determine if 

there was a 

significant difference 

in CLABSI rates 

following 

implementation of the 

disinfectant cap. The 

model was adjusted 

for the number of line 

days per patient. 

CLABSI Control: 1.5±0.37/1,000 

Intervention: 0.88±0.62/1,000 

 

Use of a disinfectant cap on IV 

needleless connectors in addition 

to an existing standard central line 

bundle was associated with 

decreased CLABSI and costs. 

Pavia, 

2016, USA 

Paediatric 

patients with 

short bowel 

syndrome with 

a CVAD 

Control: 20-

25 

Intervention: 

20-25 

Quasi-experimental, pre-

test/post-test design. 

Compliance of the study 

products was not undertaken. 

The alcohol impregnated cap 

was studied in the third 

quarter of 2010 before further 

interventions were 

introduced. 

The AIC (SwabCap®) works 

by dispensing alcohol over 

the NC. It is twisted onto the 

threads. The cap provides (1) 

bathing the NC in alcohol the 

whole time it is in place, and 

(2) if kept in place between 

70% IPA 

wipe 

70% IPA 

cap 

Not described CLABSI^ Control: 8.59/1,000 

Intervention: 3.89/1,000 

 

Both the cap-only phase and the 

multipronged phase successfully 

lowering the hospital’s BSI rate. 
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Author, 

year, 

country 

Setting Sample size Study design and methods Control Intervention Statistical analysis CABSI type* 

(Outcome 

measure) 

CABSI rates† and Conclusion 

line accesses, it protects the 

NC from external 

contamination sources. 

Pichler et 

al., 2014, 

UK 

Paediatric 

patients with a 

CVAD 

Control: 42 

Intervention: 

50 

Quasi-experimental, pre-

test/post-test design. 

Compliance of study 

products was not studied. 

Intervention was studied 

between May and November 

2007 (seven months). 

The method was to 

decontaminate the NC for 30 

seconds and allow the NC to 

completely dry. 

70% IPA 

wipe 

2% CHG in 

70% IPA 

wipe 

The Fisher’s exact 

test (2 tailed) was 

used for comparisons 

of proportions of 

infections between 

the two periods. The 

total number of days 

patients were treated 

with PN was also 

recorded. Hospital-

acquired CRBSI/ 

1000 CVC days for 

2006 (before 

chlorhexidine) were 

compared with those 

for 2007 (after 

chlorhexidine) using 

the Mann-Whitney-U 

test (2 tailed). 

CRBSI Control: 3.1/1,000 

Intervention: 0.4/1,000 

 

Our results support the use of 2% 

chlorhexidine to reduce risk of 

sepsis for central venous catheter 

connector antisepsis in catheters 

used for intravenous nutrition. 

Ramirez et 

al., 2012, 

USA 

Adult ICU 

patients on 

TPN with a 

CVAD 

ND Quasi-experimental, pre-

test/post-test design 

A survey tool was 

implemented to document 

compliance with the AIC. 

The study was conducted 

over a 12-month period. 

70% IPA 

wipe 

70% IPA 

cap 

Unpaired t tests were 

used to compare the 

data from the 12 

months before the 

trial start with the 12 

months of the trial. 

CLABSI Control: 1.9/1,000 

Intervention: 0.5/1,000 

 

The implementation of the cap 

resulted in lower infection rates 

compared with an alcohol swab 

technique. 
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Author, 

year, 

country 

Setting Sample size Study design and methods Control Intervention Statistical analysis CABSI type* 

(Outcome 

measure) 

CABSI rates† and Conclusion 

The intervention method was 

not described. 

Soothill et 

al., 2009, 

UK 

Paediatric 

HSCT patients 

and non-HSCT 

patients with a 

CVAD 

Control: 553 

Intervention: 

571 

Quasi-experimental, pre-

test/post-test design. 

Compliance of intervention 

products was not monitored. 

Duration of study not 

specifically stated – but 

possibly 17 months. 

The method recommended 

for cleaning the NCs was to 

swab for 30 seconds then 

leave to dry completely. 

70% IPA 

wipe 

2% CHG in 

70% IPA 

wipe 

Significance was 

assessed by fitting a 

Poisson model 

CRBSI Control: 10-12/1,000 

Intervention: 3/1,000 

 

The introduction of chlorhexidine 

was followed by a sustained fall 

in catheter-related infections. 

Stango et 

al., 2014, 

USA 

Unidentified 

number of 

patients with a 

CVAD 

Unknown Quasi-experimental, pre-

test/post-test design. 

Compliance with the 

interventional product was 

assessed. 

The intervention period was 

for three months. 

Manual disinfection of the 

NC was not necessary if a 

central line is accessed 

immediately after AIC 

removal. For all subsequent 

catheter accesses after cap 

removal, the NC is to be 

scrubbed with an alcohol 

70% IPA 

wipe 

70% IPA 

cap 

Not described CLABSI^ Control: 1.52/1,000 

Intervention: 0.83/1,000 

 

50% fewer CLABSIs occurred in 

the first 21 months after cap 

implementation. 
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Author, 

year, 

country 

Setting Sample size Study design and methods Control Intervention Statistical analysis CABSI type* 

(Outcome 

measure) 

CABSI rates† and Conclusion 

wipe for at least 10 times. 

After the final infusion, a 

new cap is to be applied to 

the NC. 

Sweet et 

al., 2012, 

USA 

Adult oncology 

patients with a 

CVAD 

Control: 472 

Intervention: 

282 

Quasi-experimental, pre-

test/post-test design. 

Compliance with the 

intervention was assessed by 

weekly point prevalence 

observations. 

The intervention period 

(January-July 2010) was 

compared with a historical 

control (January-December 

2009). 

The method of 

decontamination of the NC 

was not outlined in the 

methods section. 

70% IPA 

wipe 

70% IPA 

cap 

Not described – 

descriptive statistics 

supplied. 

CLABSI Control: 2.3/1,000 

Intervention: 0.3/1,000 

 

The implementation of alcohol-

impregnated port protectors 

significantly reduced the rates of 

CLABSIs in our oncology patient 

population. 

Wright et 

al., 2013, 

USA 

Adult ICU 

patients with a 

CVAD 

Phase 1: 252 

Phase 2: 364 

Phase 3: 183 

Quasi-experimental, pre-

test/post-test design.  

Compliance was mentioned 

but not reported. 

The study period for Hospital 

1: 17 months. 

The study period for Hospital 

2: 14 months. 

70% IPA 

wipe: 

Phase 1 

& 3 

70% IPA 

cap: Phase 2 

Contamination rates 

were dichotomous, 

and by measuring 

organism density in 

the positive samples. 

The former was 

assessed using a 

Fisher exact test and 

the latter via Mann-

Whitney U test11 

CLABSI Control P1: 1.45/1,000 

Intervention P2: 0.74/1,000 

Control P3: 1.31/1,000 

 

Disinfecting caps reduce line 

contamination, organism density, 

and CLABSIs. 
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Author, 

year, 

country 

Setting Sample size Study design and methods Control Intervention Statistical analysis CABSI type* 

(Outcome 

measure) 

CABSI rates† and Conclusion 

The study period for Hospital 

3: 14 months. 

The AIC is threaded on to 

any NC not actively in use 

and remains in place until the 

NC is accessed, at which 

time the disinfection cap is 

removed and discarded. 

After NC is accessed, a new 

AIC is threaded on to the NC. 

(CFU results of 

>1,000 CFU/mL are 

recorded as 1,000 

CFU/mL). Infection 

rates were compared 

via a rate ratio with 

95% confidence 

intervals and 

significance testing. 

BSI, bloodstream infection; ICU, intensive care unit; CVAD, central venous access device; PIVC, peripheral intravenous access device; CABSI, catheter-associated BSI; CRBSI, 

catheter-related BSI; CLABSI, central line-associated BSI; ND, no data supplied; TPN, total parenteral nutrition; HSCT, hemopoietic stem cell transplant; *CABSI unless otherwise 

stated, such as CRBSI; †CABSI rate per 1,000 catheter days unless this data was not supplied, in which case CABSI rate per patient was used; ^Definition not supplied in methods; 
&These are the hospital-wide results. 
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Appendix F: Sensitivity analysis for the systematic review and meta-analysis 
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Appendix G: Letter to the editor (American Journal of Infection Control) 

• Glélé, L. S. A., Guilloteau, A., Astruc, K., Carre, Y., Chaize, P., Keita-Perse, O., 

... & Lepelletier, D. (2019). ‘Methods for microbial needleless connector 

decontamination: A systematic review and meta-analysis’ – Interpret results 

with caution. American Journal of Infection Control. 

doi:10.1016/j.ajic.2019.06.030. Impact Factor: 1.929 

To the Editor: We recently read with interest the systematic review and meta-analysis by 

Flynn et al., which aimed to “compare the effectiveness of connector decontamination 

with 70% alcohol wipes, alcoholic chlorhexidine gluconate wipes, or alcohol impregnated 

caps to prevent catheter-associated bloodstream infection (CABSI).”The article 

concludes that “alcohol impregnated caps and alcoholic chlorhexidine gluconate wipes 

were associated with significantly less CABSI than 70% alcohol wipes,” and that these 

results require confirmation in randomly assigned controlled trials. Among the 5 studies 

included in this meta-analysis, 2 compared chlorhexidine gluconate in isopropyl alcohol 

(IPA) wipes with IPA wipes for catheter-associated bloodstream infection (CABSI) (Fig 

2),and 3 compared IPA caps versus IPA wipes for CABSI (Fig 3). We commend the 

authors for performing this interesting study. However, we have several statistical 

suggestions and queries that we would like to share with them. The authors state that they 

used a random effect model, but present the results of a fixed effect model, which can be 

used if there is no heterogeneity. Higgin's I2was used to assess heterogeneity. Although 

this approach is widely mentioned, the point estimate I2 should be interpreted cautiously 

when a meta-analysis has few studies, and the confidence interval should be provided. 

Conventional meta-analysis relies on several within- and between-study distributional 

assumptions that are sometimes hidden. Performing meta-analysis with low event rates 

or with few studies is challenging, as some of the standard methods are not well suited. 

For example, estimating between-study heterogeneity is difficult in this situation, and 

inaccurate estimation of heterogeneity may lead to too narrow confidence intervals. 

Different methods may give different results, and using a suboptimal approach may lead 

to erroneous conclusions. To avoid selective reporting and to assess the robustness of the 

results, we performed a sensitivity analysis using a range of statistical methods by using 

the data provided by Flynn et al. Frequentist and Bayesian meta-analysis were performed. 

For frequentist meta-analysis, several methods are available for the random effect model 

(eg, the Hartung-Knapp-SidikJonkman approach), instead of the classical DerSimonian 

and the Laird’s approach. We also used the Mandel-Paule method and Profile Likelihood, 
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with Bartlett's correction. For Bayesian meta-analysis, we used a binomial-normal model 

(ie, modeling probabilities of success in each group), instead of modelling estimates of 

log odds-ratios directly (normal-normal model), with weakly informative priors for the 

between trial heterogeneity. We also used a beta-binomial model, which has shown good 

statistical properties for meta-analysis of sparse data. Statistical analyses were performed 

with Stata software (Version15; StataCorp, LLC, College Station, TX) for the frequentist 

meta-anal-ysis and R software (R Foundation for Statistical Computing, Vienna, Austria) 

for Bayesian meta-analysis. All estimates are shown in Table 1. All confidence intervals 

(credible interval) contain 1 (except with the DerSimonian-Laird method, which should 

not be used in the case of meta-analysis with a few studies). That means that alcohol 

impregnated caps were not associated with significantly less CABSI than 70% alcohol 

wipes. In conclusion, the results of this study are interesting. However, readers should 

interpret them with caution according to the statistical methods used for meta-analysis. 
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Appendix H: Screening log 

Pilot  RCTPage: ______ 

Screening Log (enter all patients that are screened)  

Inclusion criteria:Exclusion criteria: 

1. ≥18 years of age.1. Current bloodstream infection (prior 48 hours) 

2. CVAD <24hrs2. Planned removal of CVAD ≤ 24 hrs 

3. CVAD scheduled / expected use (as in-patient) ≥ 7 days3. CVAD ≥ 24hrs 

4. Informed consent 4. Previous enrolment in the current study (this admission) 

5. Language or cognitive barrier to consent 

Patient  

Initials 

(first/last) 

Medical 

record 

number 

Date of  

Admission 

(dd/mm/yyyy) 

Date of 

Screening 

(dd/mm/yyyy) 

Inclusion 

Criteria 

Met  

Yes / No 

(If no 

provide 

reason 

from list) 

Exclusion 

criteria Met 

Yes / No 

(If yes 

provide 

reason 

from list) 

Ward/bed 

number 

WCC at 

study 

enrolment 

less than 

1.00 

Date of 

48-

hour 

check 

Study 

No. 

Four week 

follow up 

completion 

date 
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Appendix I: Data collection forms for pilot RCT (REDCap) 
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Appendix J: Sticky labels used for intravenous lines to alert healthcare workers to 

the arm of the pilot RCT the participant was allocated to 
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Appendix K: Bedside chart for healthcare workers to visualise that the patient was 

allocated to the alcohol wipes arm of the pilot RCT 

 

 

This patient has been recruited 

to the DINAMIC study 

 

Please use alcohol wipes to decontaminate the needleless connector (bung) 
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Appendix L: Bedside chart for healthcare workers to visualise that the patient was 

allocated to the alcohol chlorhexidine wipes arm of the pilot RCT 

 

 

This patient has been recruited 

to the DINAMIC study 

 

Please use chlorhexidine wipes to decontaminate the needleless connector (bung) 
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Appendix M: Bedside chart for healthcare workers to visualise that the patient 

was allocated to the alcohol-impregnated cap arm of the pilot RCT 

 

 

This patient has been recruited 

to the DINAMIC study 

 

Please use alcohol-impregnated CAPs to decontaminate the needleless connector 

(bung) 
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Appendix N: Overview of the pilot RCT 

Title: Decontamination of central venous access device needleless connectors: A pilot 

randomised control trial. 

Many bloodstream infections are unavoidable in the cancer patient population; however, 

some are preventable. These preventable infections can be caused by poor 

decontamination of the needleless connector prior to clinicians, mostly nurses, injecting 

medications into the central venous access device via these connectors. This trial will test 

three different methods for the decontamination of the needleless connector so that 

preventable bloodstream infections can be minimised. This could have a great benefit for 

patients, as well as reduce healthcare related costs. 

Aim: To reduce the rates of central venous access device (CVAD) associated 

bloodstream infection (CABSI) 

Objective: To compare the clinical and cost-effectiveness of three needleless connector 

(NC) decontamination methods (i) 70% alcohol wipes (ii) chlorhexidine in 70% alcohol 

wipes and (iii) a 70% alcohol-impregnated cap. 

Study design 

The study is a three-arm, pilot randomised controlled trial comparing the effectiveness of 

different connector decontamination methods in preventing CABSI.  

Study groups 

Control: Participants allocated to this group will have their CVAD NCs decontaminated 

using a 70% isopropyl alcohol (IPA) disposable swab. Prior to any procedure requiring 

CVAD access the NC will be swabbed for 15 seconds and allowed to dry. 

Intervention 1: Participants allocated to this group will have their CVAD NC 

decontaminated using a 2.0% chlorhexidine gluconate + 70% IPA disposable swab. 

Prior to any procedure requiring CVAD access the NC will be swabbed for 15 seconds 

and allowed to dry. 

Intervention 2: Participants allocated to this group will have their CVAD NC 

decontaminated using 70% IPA-impregnated cap that is screwed into place on the NC 

and remains in place until nursing staff are required to inject medications into the 

connector. The cap is discarded, and a new one applied once treatment has been 
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completed. The cap can stay in position for up to one week, and is required to be in 

position for at least 5 minutes prior to use so that decontamination can take effect. 

Study population 

In total, 120 patients will be recruited over 6-12 months. Prospective patients who are 

scheduled to have a CVAD inserted will be invited to participate in the study. Patients 

who meet all the following inclusion criteria and no exclusion criteria will be eligible for 

enrolment: 

Inclusion criteria Exclusion criteria 

• CVAD to be inserted for clinical care 

for >7 days 

• Informed consent to participate 

• Current bloodstream infection (<48 

hours) 

• Language or cognitive barrier to 

consent 

• Previous enrolment in the current 

study 

 

Timeline 

• 3 Months: Pre-trial (Human Resource Ethics Committee application, local Site 

Specific Approvals, Hospital-University Contracts, develop materials, staff hire 

and education). 

• 6-12 Months: Trial recruitment phase, data collection.  

• 6 Months: Post trial (Data management, analysis and prepare publication
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c) A research nurse will visit you regularly to collect information about the status of 

your CVAD and related information from the ward nurses and your chart. 

d) Once the CVAD is removed, or you are discharged home, your participation in the 

study is complete. However, we will collect any blood culture results up until 48 

hours after you are no longer on the study. No further access to your data will be 

required. 

Risks to you 

There are no foreseeable risks to you through involvement in this study. Connector 

cleaning is part of current clinical practice to prevent contamination of your CVAD. No 

aspect of your care will be withheld. The data being collected and analysed is also part of 

current clinical evaluation and practice. The study has received ethical, executive and 

local management approval. 

Benefits to you 

We do not expect you to get any benefit through being in the study. We do appreciate 

your support and cooperation. The main reason for this study is to help the development 

of a larger study that may generate high quality evidence to base future connector 

decontamination practice on. 

Confidentiality 

Data collected during this study will be treated confidentially. The information will be 

safely stored at the Royal Brisbane & Women’s Hospital. Combined patient results of 

this study will be presented in scientific journals and conferences. No individual patient 

will be identifiable in any publication or presentation. Research records will be destroyed 

15 years after the study. 

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 Julie Flynn, and she will be happy to answer your questions. Contact 

details are at the top of the form. 
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This study has been reviewed and approved by the Griffith University and Royal 

Brisbane & Women’s Hospital Human Research Ethics Committees (EC00172). Should 

you wish to discuss the study in relation to your rights as a participant, or should you 

wish to make an independent complaint, you may contact the Manager, Research 

Ethics, Office for Research, Bray Centre, Nathan Campus, Griffith University (ph 3755 

5585 or researchethics@griffith.edu.au) OR Coordinator or Chairperson, Human 

Research Ethics Committee, Royal Brisbane & Women’s Hospital, Herston, Qld, 4029 

or telephone (07) 3646 5490, email: RBWH-Ethics@health.qld.gov.au. 
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Women’s Hospital, Herston, Qld, 4029 or telephone (07) 3646 5490, email: RBWH-

Ethics@health.qld.gov.au. 

 

Results will be available approximately 6-12 months after the study is completed. 

 

I agree to participate in the study. 

I would like a summary of the results to be sent to me at the end of the trial:   Yes 

No  

 

Email/address for report to be sent:………………………………………………… 

 

Participant Name:…………………………………………..

Signature………………….Date:   _/ _/_ 

 

Investigator Name (for verbal consent)…………………………

Signature………………….Date: _/_/_ 

 

Witness:..................................................................................

Signature…………………Date:__/__/__  
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Appendix R: Bloodstream infection definitions 

CRBSI definition (APIC, 2009): 

Criteria 1: same organism grown from at least one percutaneous blood culture and 

from the catheter tip, OR 

Criteria 2: two blood cultures taken, one from the CVAD hub and one from a 

peripheral vein, with the CVAD culture positivity >2 hours versus the peripheral 

culture. 

CABSI/LCBI definition (CDC, 2016): 

LCBI 1: Patient has a recognised pathogen cultured from one or more blood cultures 

AND the organism cultured is not related to an infection in another area of the body, 

OR 

LCBI 2: Patient has at least one of the following signs or symptoms – fever, chills or 

hypotension, AND a positive cultured organism that is not related to an infection in 

another area of the body, AND the same common contaminant is cultured from two 

or more blood cultures drawn on separate occasions. 

MBI-LCBI definition (CDC, 2016): 

MBI-LCBI 1: Patient of any age meets criterion 1 for LCBI with at least one blood 

culture growing any of the following intestinal organisms with no other organisms 

isolated: Bacteroides spp., Candida spp., Clostridium spp., Enterococcus spp., 

Fusobacterium spp., Peptostreptococcus spp., Prevotella spp., Veillonella spp., or 

Enterobacteriaceae OR 

MBI-LCBI 2: Patient of any age meets criterion 2 for LCBI when the blood cultures 

are growing only viridans group streptococci with no other organisms isolated. 

MBI-LCBI 1 & 2 also needs to meet one of the following: 

o Is an allogeneic hematopoietic stem cell transplant recipient within the past year 

with one of the following documented during same hospitalisation as positive 

blood culture: 

▪ Grade III or IV gastrointestinal graft versus host disease  

▪ ≥1 litre diarrhoea in a 24-hour period 

o Is neutropenic, with absolute neutrophil count or total white blood cell count 

<500 cells/mm. 

CRBSI, catheter related bloodstream infection; CABSI, catheter-associated bloodstream infection; LCBI, 

laboratory confirmed bloodstream infection; MBI-LCBI, mucosal barrier injury LCBI.  



 

Julie Flynn s2785628 Appendices Page 244 

Appendix S: Ethics approval letter for the pilot RCT 
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Appendix T: HDR induction certificate 
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Appendix U: Study recruitment tips for research nurses 

Decontamination of the needleless connector study comparing: 70% IPA wipes; 

2% CHG in 70% IPA wipes; and an IPA-impregnated cap 

Recruitment process 

• All patients considered for recruitment need to be included on the Screening Log 

• Liaise with PICC/Hickman insertion team to establish patients requiring new 

CVADs – and/or ward staff 

• Determine if patient is eligible for recruitment – inclusion/exclusion criteria as per 

Screening Log 

• Approach patient for informed consent 

o Explain the study to the patient 

o Answer any questions 

• If patient agrees to participate – patient and research nurse sign and date consent 

form 

• Before leaving patient gather data such as: 

o Left/right handed 

o Weight category 

o Skin integrity 

• Only randomise the patient once the CVAD has been successfully inserted 

• Once the patient has been randomised distributed study information in the patient 

bedside chart, stickers on the CVAD and fluid lines when able, inform the nurse 

looking after the patient that they have been included in the study and will now 

require the NC/bung to be cleaned with the randomised product. Also, if the 

patient has been randomised to the non-standard decontamination product you 

will need to supply the appropriate product and explain this to the nursing staff. 

• From the medical notes gather all other data such as: 

o DOB 

o Admission type 

o Primary diagnosis 

o Underlying co-morbidities 

o Current infections – not BSI 

o Frequency of current IV medications 

o List of current IV medications 

• Once CVAD has been inserted gather the Device data including: 

o Date/time of insertion 

o Type of CVAD and number of lumens 

o Location of CVAD 

o Department where CVAD inserted 

o If any of the following are attached at time of gathering device details: 

▪ 3-way tap 

▪ Extension tubing 

▪ IV fluid lines 
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• Three copies of the Consent Form (PICF) are required: 

o One copy to be given to the patient 

o One copy for the medical notes 

o The original to be stored with research documents 

• Include a sticker or documentation, in the medical notes, explaining that the 

patient has been recruited to the study 

Enter the Person data and the Device data into REDCap 

Daily check 

• Usually done twice per week – Monday and Thursday 

• Thursday check includes: 

o Is the original CVAD still present? 

o Has appropriate intervention been used? 

• Monday check includes all the Thursday checks plus: 

o Frequency of current IV medications 

o List of current IV medications 

 

Device outcome 

This is usually completed when the CVAD is removed, the patient is discharged home, 

is moved to another ward not taking part in the study, or the 4 week follow up period is 

complete. Data included: 

• Date and time of removal/discharge from the study 

• Why removed from the study? 

• Frequency of IV medication if known 

• List of IV medications if known 

• Cognitive/delirium risk data 

 

Patient outcome 

The patient outcome data is completed at least 48 hours after the patient has been 

discharged from the study. Data includes pathology information, if available, whether the 

patient is still alive, did an SAE occur – an SAE includes death or a positive blood culture 

while the patient is part of the study – including the 48 hours post discharge from study. 

If an SAE occurs further data will be required to be inserted into REDCap as well as the 

completion of an SAE report that includes details about the SAE, what happened, what 

was done to resolve the incident, and what the patient outcome was. 
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Appendix V: Quick guide for REDCap tasks 

Quick guide for common tasks in REDCap 

 

Scheduling link: 

• Adding a new patient 

• Scheduling a new Daily Check 

• Scheduling a Device Outcome and Patient 

Outcome 

 

Record Status Dashboard link” 

• Patient status (all patients) 

 

Calendar link: 

• Add new patient Person Data 

• Add new Device Data 

• Complete Daily Check 

• Complete Device Outcome 

• Complete Patient Outcome 

 

 

Randomisation URL: 

www151.griffith.edu.au/random/trials/170067/ 

 

Username: 170067user 

Password: 12345 

 

REDCap URL: https://www151.griffith.edu.au/redcap/ 

 

Username:  

Password: 
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Appendix W: Griffith University HREC approval 
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Appendix X: Abstract submitted for oral presentation for the World Congress on 

Vascular Access  

Decontamination of the needleless connector: a descriptive review of current 

literature  

Aim: To evaluate and synthesise all relevant published peer reviewed quantitative 

studies on the decontamination of needleless connectors to assist researchers and 

healthcare decision makers inform practice.  

Methods: Cinahl, Cochrane database of systematic reviews, JStor, Medline, Ovid, 

Pubmed, Science Direct, and Scopus were searched. The references of included studies 

were hand searched. The review included all current published research on needleless 

connector decontamination, with a primary outcome of central line associated 

bloodstream infection (CABSI) or, in the case of in vitro studies, bacterial 

contamination.  

Inclusion criteria: 

The review considered primary research that: 

• Investigates adult, paediatric populations 

•  RCTs, observational and in vitro studies. 

• Analysed decontamination of the needleless connector. 

• Had a primary outcome of CABSI, or bacterial contamination for in vitro 

studies. 

• Original quantitative research 

Exclusion criteria: 

• Studies that included a multi-modal approach to reducing CABSI 

Results: Eighteen papers were included in this review, four prospective clinical trials, 

seven pre-test/post-test studies and seven in vitro studies. Results of studies were 

difficult to compare due to the inconsistent reporting methods. Of the four prospective 

studies, two reported the number of participants (n = 77; n=691), one reported in central 

line days (n = 361 central line days), with the final study reporting the number of 

stopcocks (n = 572). 

Conclusion: This review highlights the importance of consistent reporting methods as 

well as the need for good quality randomised control trials in this area. Effective 

decontamination of the needleless connector is a simple yet undervalued component of 

minimising the introduction of microorganism into the needleless connector in an 

attempt to reduce CABSI. 
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Appendix Y: PROSPERO – International prospective register of systematic 

reviews 

Review title. 

Methods for microbial needleless connector decontamination: a systematic review and 

meta-analysis 

Anticipated or actual start date. 

03/07/2017 

Anticipated completion date. 

09/11/2018 

Stage of review at time of this submission. 

Review completed 

Review stage Started Completed 

Preliminary searches Yes 

Piloting of the study selection processYes 

Formal screening of search results against eligibility criteriaYes 

Data extractionYes 

Risk of bias (quality) assessment Yes 

Data analysisYes 

Named contact 

Ms Julie Flynn 

Named contact email. 

julieflynn2019@hotmail.com 

Named contact address 

Nursing and Midwifery Research Centre 

Level 2, Building 34 

RBWH 

Herston, Queensland 4006 

Australia 

Named contact phone number. 

0437 141 666 

Organisational affiliation of the review. 

Griffith University 

Organisation web address: www.griffith.edu.au 

Review team members and their organisational affiliations. 

Give the title, first name, last name and the organisational affiliations of each member of 

the review team. 

Affiliation refers to groups or organisations to which review team members belong. 
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Ms Julie Flynn. Royal Brisbane and Women’s Hospital; Griffith University 

Ms Emily Larsen. Royal Brisbane and Women’s Hospital; Griffith University 

Professor Claire Rickard. Griffith University 

Dr Samantha Keogh. Griffith University 

Dr Amanda Ullman. Griffith University 

Funding sources/sponsors. 

Give details of the individuals, organisations, groups or other legal entities who take 

responsibility for initiating, managing, sponsoring and/or financing the review. Include 

any unique identification numbers assigned to the review by the individuals or bodies 

listed. 

Nil 

Conflicts of interest. 

List any conditions that could lead to actual or perceived undue influence on judgements 

concerning the main topic investigated in the review. 

None 

Collaborators. 

Give the name and affiliation of any individuals or organisations who are working on the 

review but who are not listed as review team members. 

Not applicable 

Review question. 

When comparing NC decontamination type (active; [e.g., wipe] versus passive [e.g., 

impregnated cap]), and solution (70% IPA versus CHG); which method is most effective 

to prevent CABSI? 

Searches. 

State the sources that will be searched. Give the search dates, and any restrictions (e.g., 

language or publication period). Do NOT enter the full search strategy (it may be provided 

as a link or attachment.) 

A systematic search of the literature will be conducted using CINAHL (Cumulative Index 

to Nursing and Allied Health Literature), Cochrane Central Register of Controlled Trials, 

MEDLINE and PubMed. 

Inclusion criteria: The review considered primary research of original peer reviewed 

quantitative research in English Language from any time period. Studies were included 

that had a primary outcome of bloodstream infection, including such as central line 

associated bloodstream infection (CLABSI), or catheter related bloodstream infection 

(CRBSI) and positive blood culture. The populations were from any age group and 

compared the effectiveness of one method of NC decontamination to any other method. 

Exclusion criteria: Studies that included a multi-modal approach to reducing bloodstream 

infection, such as the implementation of a bundle, were excluded due to the inability to 

determine the impact of the co-intervention. Letters to the editor and conference abstracts 

were also excluded. 

A systematic search was developed in consultation with a health librarian to identify 

appropriate literature using Medical Subject Headings (MeSH) wherever possible 



 

Julie Flynn s2785628 Appendices Page 255 

involving: ((disinfect* OR decontaminat*) AND (vascular access device OR hub OR 

connector)). 

URL to search strategy. 

Give a link to a published pdf/word document detailing either the search strategy or an 

example of a search strategy for a specific database if available (including the keywords 

that will be used in the search strategies), or upload your search strategy. Do NOT provide 

links to your search results. 

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing 

so you are consenting to the file being made publicly accessible. 

I give permission for this file to be made publicly available 

Condition or domain being studied. 

Give a short description of the disease, condition or healthcare domain being studied. This 

could include health and wellbeing outcomes. 

Bloodstream infection in patients with a vascular access device 

Participants/population. 

Give summary criteria for the participants or populations being studied by the review. 

The preferred format includes details of both inclusion and exclusion criteria. 

Inclusion criteria: The review considered primary research of original peer reviewed 

quantitative research in English Language from any time period. Studies were included 

that had a primary outcome of bloodstream infection, including such as central line 

associated bloodstream infection (CLABSI), or catheter related bloodstream infection 

(CRBSI) and positive blood culture. The populations were from any age group and 

compared the effectiveness of one method of NC decontamination to any other method. 

Exclusion criteria: Studies that included a multi-modal approach to reducing bloodstream 

infection, such as the implementation of a bundle, were excluded due to the inability to 

determine the impact of the co-intervention. Letters to the editor and conference abstracts 

were also excluded. 

Intervention(s), exposure(s). 

Give full and clear descriptions or definitions of the nature of the interventions or the 

exposures to be reviewed. 

1) 70% alcohol with 2% chlorhexidine wipe, and 

2) 70% alcohol-impregnated cap 

Comparator(s)/control. 

Where relevant, give details of the alternatives against which the main subject/topic of 

the review will be compared (e.g., another intervention or a non-exposed control group). 

The preferred format includes details of both inclusion and exclusion criteria. 

70% alcohol wipe 

Types of study to be included. 

Give details of the types of study (study designs) eligible for inclusion in the review. If 

there are no restrictions on the types of study design eligible for inclusion, or certain study 

types are excluded, this should be stated. The preferred format includes details of both 

inclusion and exclusion criteria. 

Randomised control trials and observational studies 
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Context. 

Give summary details of the setting and other relevant characteristics which help define 

the inclusion or exclusion criteria. 

Studies conducted in hospitals on all age groups 

Main outcome(s). 

Give the pre-specified main (most important) outcomes of the review, including details 

of how the outcome is defined and measured and when these measurements are made, if 

these are part of the review inclusion criteria. 

Bloodstream infection such as catheter associated bloodstream infection and catheter 

related bloodstream infection. 

Additional outcome(s). 

List the pre-specified additional outcomes of the review, with a similar level of detail to 

that required for main outcomes. Where there are no additional outcomes please state 

‘None’ or ‘Not applicable’ as appropriate to the review 

None 

Data extraction (selection and coding). 

Describe how studies will be selected for inclusion. State what data will be extracted or 

obtained. State how this will be done and recorded. 

Two review authors will independently assess titles and abstracts identified by the 

outlined search strategy. Full copies of relevant studies will be reviewed and 

independently assessed for their eligibility for inclusion in this review. A third author’s 

judgement will be sought if differences of opinion cannot be resolved by unanimity. One 

author will extract data from all the included studies using a data extraction form 

designed for this review. The extracted data will be checked="checked" value="1" for 

accuracy by the second reviewer. If information is unclear an attempt will be made to 

contact the study author for further clarification. Where possible data will be extracted 

for the following items: author, study type, year, country, control and interventions, and 

results. 

Risk of bias (quality) assessment. 

Describe the method of assessing risk of bias or quality assessment. State which 

characteristics of the studies will be assessed and any formal risk of bias tools that will 

be used. 

The Newcastle Ottawa Scale will be used for determining the quality of evidence for 

observational studies. Randomised control trials will be determined using the CONSORT 

statement 

Strategy for data synthesis. 

Provide details of the planned synthesis including a rationale for the methods selected. 

This must not be generic text but should be specific to your review and describe how the 

proposed analysis will be applied to your data. 

As observational studies and RCT control groups are included in this review, descriptive 

statistics will be used to provide a summary of the study population results. Pooled 

estimates for each outcome will be generated with random-effects meta-analysis. 

Heterogeneity between studies will be assessed using the I² statistic (25%suggests low 

heterogeneity, 50% suggests moderate heterogeneity and 75% suggests high 

heterogeneity). 
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Analysis of subgroups or subsets. 

State any planned investigation of ‘sub-groups’. Be clear and specific about which type 

of study or participant will be included in each group or covariate investigated. State the 

planned analytic approach. 

The following sub-group analysis is planned: the different types of needleless connector 

decontamination products if any. Also, a sensitivity analysis will be included with the 

follow exclusion criteria: studies with fewer than 100 participants; and studies of low 

quality. 

Type and method of review. 

Select the type of review and the review method from the lists below. Select the health 

area(s) of interest for your review. 

Type of review 

Meta-analysisYes 

Systematic reviewYes 

Infections and infestationsYes 

NursingYes 

Language. 

Select each language individually to add it to the list below, use the bin icon to remove 

any added in error. 

English 

There is not an English language summary 

Country. 

Select the country in which the review is being carried out from the drop-down list. For 

multi-national collaborations select all the countries involved. 

Australia 

Other registration details. 

Give the name of any organisation where the systematic review title or protocol is 

registered (such as with The Campbell Collaboration, or the Joanna Briggs Institute) 

together with any unique identification number assigned. (N.B. Registration details for 

Cochrane protocols will be automatically entered). If extracted data will be stored and 

made available through a repository such as the Systematic Review Data Repository 

(SRDR), details and a link should be included here. If none, leave blank. 

Reference and/or URL for published protocol. 

Give the citation and link for the published protocol, if there is one 

Give the link to the published protocol. 

Alternatively, upload your published protocol to CRD in pdf format. Please note that by 

doing so you are consenting to the file being made publicly accessible. 

Yes, I give permission for this file to be made publicly available 

Please note that the information required in the PROSPERO registration form must be 

completed in full even if access to a protocol is given. 
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Dissemination plans. 

Give brief details of plans for communicating essential messages from the review to the 

appropriate audiences. 

Results from this systematic review and meta-analysis will be presented locally and at 

relevant international conferences. It is planned to publish these results in a peer 

reviewed nursing or vascular access journal. 

Do you intend to publish the review on completion?Yes 

Keywords. 

Give words or phrases that best describe the review. Separate keywords with a semicolon 

or new line. Keywords will help users find the review in the Register (the words do not 

appear in the public record but are included in searches). Be as specific and precise as 

possible. Avoid acronyms and abbreviations unless these are in wide use. 

bloodstream infection; needleless connector; bung; decontamination; disinfection; 

vascular access; hub 

Details of any existing review of the same topic by the same authors. 

Give details of earlier versions of the systematic review if an update of an existing review 

is being registered, including full bibliographic reference if possible. 

Not applicable 

Current review status. 

Review status should be updated when the review is completed and when it is published. 

For new registrations the review must be Ongoing. 

Please provide anticipated publication date: January 2019 

Review completed 

Any additional information. 

Provide any other information the review team feel is relevant to the registration of the 

review. 

Not applicable 

Details of final report/publication(s). 

This field should be left empty until details of the completed review are available. 

Give the link to the published review: doi:10.1016/j.ajic.2019.01.002 
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Appendix Z: 3-minute research – presented at ACIPC November 2018 

Evaluating methods for effective decontamination of central venous access devices 

needleless connectors in adult hospital patients: A pilot randomised control trial protocol 

Sarah is an 18 your old female, who started to feel tired for no reason. Sarah was 

diagnosed with non-Hodgkin’s lymphoma. Sarah required a central venous access device 

to be inserted for treatment. This central line, or CVAD, was inserted into a vein in the 

upper arm and the tip sits just above the heart. Nurses access the CVAD through a 

needleless connector or bung, multiple times per day. Prior to accessing the NC, it must 

be cleaned to ensure there are no bugs on the outer surface, if this cleaning is not done 

effectively these bugs may be introduced into the NC and therefore potentially into the 

patients’ bloodstream causing a bloodstream infection. 

The primary aim is to test feasibility, and the secondary aim was to determine which of 

three products would reduce CVAD associated bloodstream infection, or CABSI, when 

nurses access the connector. Decontaminating the NC is especially important for patients 

like Sarah, but also for every patient who has a vascular access device. 

Methods:  

This is a pilot RCT asking the following research question: which product – an alcohol 

wipe, a CHG wipe or an alcohol-impregnated cap will minimise the risk of the patient 

developing a CABSI? 

Inclusion criteria:  

• Patients 18 years of age or older 

• Requiring a CVAD to be inserted for at least seven days 

• Able to provide informed consent  

Exclusion criteria:  

• Current bloodstream infection within previous 48 hours 

• Non-English speaking without an interpreter 

• Previous recruitment to study in current hospital admission  

Patients initially deemed suitable will be approached to ascertain their willingness to 

consider participation. If agreeable, patients will then be provided with written 

information regarding the trial and a verbal explanation. They will be given time to 
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consider the information, with an opportunity to ask questions. If patients consent, they 

will sign a consent form. The patient will then be randomised to one of the three arms of 

the study. 

Why is this research important? 

Sarah and other patients like her are already battling a life threating illness. As mentioned 

previously the CVAD is inserted into the patients’ bloodstream and therefore is a portal 

for micro-organisms to travel into the NC and potentially into the bloodstream. If the 

needleless connector is not cleaned effectively a patient may develop a CABSI therefore 

putting the patient at great risk of increased morbidity and mortality. During treatment 

Sarah’s immune system will be destroyed by the chemotherapy. This means that a 

bloodstream infection could have serious consequences – it could make Sarah seriously 

ill or even be life threatening.  

The bloodstream infection can also have an impact on patient quality of life, hospital 

length of stay and associated healthcare costs. This is not good for the patient or the 

healthcare system. 

Previously only pre-test/post-test studies have been conducted in this area. Although these 

studies can be important, they are open to much more bias than a RCT.  

Sarah and other patients like her need us as clinicians to prevent bloodstream infection 

where possible. 
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Appendix AA: Abstract submitted and accepted for oral presentation at WoCoVA 

and IVNNZ 

Decontamination of the needleless connector: an in vitro study  

Flynn J, Zhang L, Keogh S & Rickard C. 

Objective: The primary aim of this in vitro study is to determine the most effective method 

for needleless connector decontamination to reduce the risk of bloodstream infection 

when comparing: 70% isopropyl alcohol (IPA) wipes; chlorhexidine in 70% IPA wipes; 

or a 70% IPA-impregnated cap. 

Methods: Three different types of needleless connectors (n = 648) were subjected to 

bacterial or fungal contamination (Staphylococcus aureus, Staphylococcus epidermidis, 

Pseudomonas aeruginosa and Candida albicans) prior to being decontaminated using 

one of three different methods: alcohol wipes (70% IPA); chlorhexidine wipes (2% 

chlorhexidine gluconate + 70% IPA); or alcohol-impregnated caps (70% IPA). 

Quantification of microbial cells: Hundred microlitres of serial dilutions from each 

sample was spread on the plate and incubated at 37°C for 24 h and counted. 

Results: Differences between needleless connector type and organisms were negligible, 

therefore results were pooled and mean and standard deviation calculated per 

decontamination method. Chlorhexidine wipes outperformed the IPA-only groups, with 

70% IPA, even with a 30-second decontamination timeframe, showing only a ~30% 

reduction of organisms. Serum exposure also minimised the effect of decontamination 

across all study groups. 

Conclusion: Although chlorhexidine wipes clearly outperformed the IPA-only methods, 

the significance of the findings in this controlled laboratory study needs to be elucidated 

in the clinical scenario also under defined conditions, including a clearly defined 

decontamination process applied before and after each access. This will inform clinicians 

and policy makers about infection prevention strategies that may need to be modified. 

These changes could significantly influence the prevention of central line associated 

bloodstream infection and optimise healthcare services. 
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Appendix AB: American Journal of Infection Control reprint permission  
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permitted to post this Elsevier article online if it is embedded within your thesis. You 

are also permitted to post your Author Accepted Manuscript online. However, posting 

of the final published article is prohibited. 
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