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Abstract 

Objective  

Central venous access devices (CVADs) are an integral component of modern 

paediatric healthcare; however, the insertion and use of these devices are associated 

with serious complications. CVAD management strategies, including their dressing and 

securement, have been developed to reduce CVAD-associated complications. Nurses 

are key managers in promoting paediatric CVAD function, through the consistent use of 

effective management strategies. 

 The aims of this PhD study were to: (1) identify current clinical management for 

CVADs within Australian paediatric facilities; (2) evaluate the feasibility of launching a 

full-scale efficacy trial of tunnelled cuffed CVAD securement and dressing products 

within acute care paediatrics; and (3) provide baseline estimates of the effectiveness of 

four dressings and securement products on tunnelled cuffed CVAD complication and 

failure, within a pilot study.  

Design  

A two-phased study was undertaken: a point prevalence audit and cross-sectional survey 

of paediatric CVAD management practices; and a four-armed, pilot randomised 

controlled trial (RCT) of innovative tunnelled, cuffed CVAD dressing and securement 

products to prevent complication and failure within paediatric acute care. 

Phase One 

Setting Six tertiary paediatric hospitals across Australia. 

Sample All paediatric patients with CVADs who were admitted to the study sites at the 

time of the study participated in the point prevalence audit. Senior clinical nursing 

representatives from each study site provided information for the cross-sectional survey. 
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Data collection tool The audit collected information regarding the prevalence of 

CVADs (e.g., types), CVAD insertion characteristics (e.g., ultrasound use), CVAD 

management characteristics (e.g., dressing and securement products), and the presence 

of CVAD-associated complications (e.g., CVAD-associated bloodstream infection) in 

the last seven days. The survey collected additional information regarding local 

management policies and guidelines regarding CVAD insertion and management 

procedures. 

Main Results  

Across the six sites, 1,027 patients were screened with CVADs prevalent in 26.1% (n = 

268), and 261 CVADs in 248 patients available for audit. Variations in management 

were evident, with dressings not meeting the basic criteria of being clean, dry and intact 

for 13.5% of CVADs (n = 35), and non-sterile dressings used to reinforce 26.4% of 

CVADs (n = 69). Almost half of CVADs (49.4%; n = 132) had no documentation 

regarding insertion site assessment in the previous four hours, and 13.4% had no 

planned use in the next 24 hours (35 CVADs). 

 CVAD-associated complications within the previous seven days were evident in 

9.5% of CVADs (n = 27), most commonly catheter blockage (5.7%, n = 15) and 

bloodstream infection (1.9%, n = 5). Significantly higher proportions of CVAD-

associated complications were seen for peripherally inserted central catheters (16.9%) in 

comparison to other catheter types (7.4%; p = 0.04), and subsequent CVADs (14.1%) in 

comparison to initial CVADs (6.5%; p = 0.04). Variation between the clinical 

guidelines was evident across sites for many CVAD practices. 

Phase Two 

Setting Two tertiary paediatric hospitals in Queensland, Australia. 
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Sample Forty-eight children who required the insertion of a long term, tunnelled, cuffed 

CVAD, and were to be admitted to the study sites for > 24 hours. 

Interventions Participants were randomised to receive CVAD dressing and securement 

by: 

 Standard care: Suture and bordered polyurethane dressing; 

 Sutureless securement device: Suture, sutureless securement device, and 

bordered polyurethane dressing; 

 Tissue adhesive: Tissue adhesive and bordered polyurethane dressing; or 

 Integrated securement dressings: Suture and integrated securement dressings. 

All other CVAD insertion and management practices were as per local hospital policy. 

Primary and secondary outcomes  

Primary outcome was feasibility of a full efficacy trial, established by composite 

analysis of elements of eligibility, recruitment, retention and attrition, protocol 

adherence, missing data, parent and healthcare staff satisfaction, and intervention effect 

size estimates. Effect size estimates were obtained based upon the between group 

proportion of CVAD failure (cessation of catheter function prior to completion of 

therapy due to complication) and CVAD complication (a composite of CVAD-

associated bloodstream infection, local infection, occlusion, dislodgement, venous 

thrombosis and breakage). Secondary outcomes included individual CVAD 

complications, CVAD-related bloodstream infection, securement dressing failure, 

CVAD and first dressing duration, skin complications, and direct product costs. 

Main results  

Protocol feasibility was established. CVAD failure was: 17% (2/12) integrated 

securement dressing; 8% (1/13) sutureless securement device; 0% tissue adhesive 

(0/12); and, 0% standard care (0/11). CVAD complications were: 15% (2/13) sutureless 
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securement device (CVAD-associated bloodstream infection, and occlusion and partial 

dislodgement); 8% (1/12) integrated securement dressing (partial dislodgement); 0% 

tissue adhesive (0/12); and, 0% standard care (0/11). Overall satisfaction was highest in 

the integrated securement dressing (mean 8.5/10; standard deviation 1.2). Improved 

dressing integrity was evident in the intervention arms, with the integrated securement 

dressing associated with prolonged time to first dressing change (mean days 3.5). 

Conclusion 

CVAD complications within paediatrics remain a substantial and significant problem. 

There are many evidence-based management strategies that should be advocated by 

nurses, and consistently applied, to reduce such complications. Within Phase One of the 

PhD, CVAD management was variable between and within the paediatric hospitals. 

Evidence-practice gaps were evident in several specific clinical practice areas including 

CVAD securement and dressing integrity, flushing frequency, and documentation of 

site assessment. As anticipated, the innovative tunnelled cuffed CVAD securement and 

dressing products studied in the Phase Two pilot RCT did not result in statistically 

reduced complications and failure; however, the results did demonstrate feasibility of 

the protocol for a larger study, and further CVAD securement and dressing products and 

populations should be investigated. This, the first known RCT of tunnelled, cuffed 

CVAD dressing and securement in paediatrics provides a platform for future, such 

studies. 
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Chapter 1 Introduction 

Introduction 

Central venous access devices (CVADs) are an integral component of modern 

paediatric healthcare, aiming to provide dependable access to the child’s central venous 

system for the administration of vesicant and other therapies, diagnostic blood 

sampling, and venous monitoring (de Jonge, Polderman, & Gemke, 2005; Duesing, 

Fawley, & Wagner, 2016). However, the insertion and use of CVADs can be associated 

with serious complications, with significant sequelae for the child, their family, and 

healthcare systems (Revel-Vilk et al., 2010; Robinson, Casey, Huynh, & Spady, 2013). 

Management strategies have been developed to attempt to reduce CVAD-associated 

complications (Doellman et al., 2015; Loveday et al., 2014), such as dressing and 

securement techniques. CVAD complications often lead to CVAD failure whereby the 

CVAD is no longer functional and must be removed, triggering need for insertion of a 

replacement device. 

This PhD study has examined strategies to reduce complications for CVADs in 

paediatric hospitals, focussing on effective dressing and securement for tunnelled cuffed 

devices. This chapter will provide a background and context to the research study. It 

also outlines the significance, rationale, research aims and questions for the study. 

Background 

Millions of CVADs worldwide are used across a diverse range of healthcare facilities to 

provide supportive and interventional therapies during acute and chronic illness (de 

Jonge et al., 2005; Kornbau, Lee, Hughes, & Firstenberg, 2015). In Queensland, around 

1,000 children have CVADs inserted in tertiary paediatric health institutions each year 

(Children’s Health Services, 2014). These devices are used by children requiring wide-
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ranging therapies, varying from the short term administration of inotropic medicines to 

support cardiac function, to the life-long infusion of parenteral nutrition. 

A CVAD is an intravenously inserted catheter, with the distal tip terminating in 

the lower third of the superior vena cava or cavo-atrial junction (upper body insertion), 

or in the inferior vena cava above the diaphragm and below the right atrium (lower 

extremity insertion) (Colacchio, Deng, Northrup, & Bizzarro, 2012; Doellman et al., 

2015; Gaballah, Krishnamurthy, Keller, McIntosh, & Cahill, 2014; Kim et al., 2013). 

There are many different types of CVADs available for different treatment 

requirements; for example, long or short term duration; continuous or intermittent 

infusates. The CVADs most commonly used in paediatrics are the peripherally inserted 

central catheter (PICC), non-tunnelled, percutaneous CVAD, tunnelled, cuffed CVAD, 

totally implanted device (port), umbilical catheter and haemodialysis catheter. 

Tunnelled, cuffed CVADs are inserted for children requiring multiple or frequent 

infusions of irritant or vesicant fluids over prolonged periods of time (≥ 3 months) 

(Chopra et al., 2015), primarily receiving treatment for oncological, haematological, or 

gastroenterological conditions (Fratino et al., 2005; Robinson et al., 2013). 

All CVAD types can be associated with infective, mechanical, or vascular 

complications during their use (Kornbau et al., 2015), with approximately 20% to 50% 

of paediatric CVADs affected (Barrier, Williams, Connelly, & Creech, 2012; White et 

al., 2012a; Yumani, van den Dungen, & van Weissenbruch, 2013). Infections are the 

most pervasive complication of CVADs in paediatric acute care, involving infection of 

the exit site or bloodstream (Robinson et al., 2013). Skin organisms can migrate from 

the CVAD insertion site into the cutaneous catheter tract causing colonisation of the 

device tip (Maki, Weise, & Sarafin, 1977; Mermel, 2011; O’Grady et al., 2011). In 

addition, microbial colonisation of the intraluminal CVAD surface can be caused by 
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contamination of the device hub or infusates (Mermel, 2011; O’Grady et al., 2011). The 

resultant local or systemic infection places the child at increased risk of morbidity, 

mortality, and treatment delays (Goudie, Dynan, Brady, & Rettiganti, 2014; Wilson, 

Rafferty, Deeter, Comito, & Hollenbeak, 2014). 

Mechanical complications associated with CVAD management include catheter 

dislodgement and breakage. Catheters remain partially exogenous, and can be removed 

from the correct position or fractured internally by excessive external force (Fratino et 

al., 2009). Vascular complications frequently related to CVADs include venous 

thrombosis and occlusion. Partial or complete catheter occlusion are caused by 

medication precipitate, venous thrombosis, or the position of the catheter tip against a 

vessel or chamber wall (Barnacle, Arthurs, Roebuck, & Hiorns, 2008). Formation of 

CVAD-associated thrombosis is due to alterations in blood flow, changes within the 

blood vessel wall and abnormal chemical composition of the blood (van Miert, Hill, & 

Jones, 2012). Each vascular and mechanical complication injures the blood vessel, 

interrupts treatment, and frequently necessitates the insertion of a replacement vascular 

access device: an expensive and risk-filled procedure (Moureau et al., 2012; Ruebner et 

al., 2006).  

The concepts of CVAD complications and CVAD failure are closely related, 

and often used interchangeably since CVAD failure is often caused by a complication.  

However CVAD failure refers to a CVAD that cesses to function, prior to the 

completion of necessary therapy; while some CVAD complications, such as a CVAD-

related bloodstream infection, may not necessitate the removal of the device.  

Many infective, mechanical, and vascular complications associated with CVADs 

can be prevented through the use of correct insertion and management strategies. 

Currently, the majority of clinical practice guidelines (CPGs) developed to summarise 
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the complex evidence regarding insertion and management of CVAD focus on the 

prevention of infective complications alone (Australian and New Zealand Intensive 

Care Society, 2012; Doellman et al., 2015; Loveday et al., 2014; O’Grady et al., 2011). 

There has been little attention in international CPGs on ways to prevent other types of 

CVAD complications and failure, such as occlusion and breakage. Further, the 

consistent application of CPG CVAD insertion and management recommendations at 

the bedside is difficult. CVAD care is complex and multi- faceted; clinicians from 

diverse clinical backgrounds are involved in their insertion and management. Previous 

surveys of practice have reported that many aspects of CVAD management are 

frequently not based upon CPG recommendations or high quality evidence (Harron, 

Ramachandra, Mok, Gilbert, & on behalf of the CATCH team, 2011; Rickard, 

Courtney, & Webster, 2004; Ullman, Long, & Rickard, 2014). However, these surveys 

are based upon reported practices from management representatives, and therefore may 

not be reliably indicative of the care patients are receiving. 

An important management strategy to prevent infective, mechanical, and 

vascular CVAD-associated complications is the use of effective dressing and 

securement products. CVAD dressings are used to prevent infective complications by 

protecting the CVAD insertion site from microbial contamination from the patient’s 

skin flora and the surrounding environment. Effective CVAD securement can also 

prevent vascular and mechanical complications by the reduction of internal and external 

movement of the CVAD. The effective securement of paediatric tunnelled cuffed 

CVAD is especially important. These CVADs are associated with high rates of 

complications (Fratino et al., 2005), and they are intended for prolonged use (≥3 

months). Nurses are the primary decision-makers and providers of paediatric CVAD 

management, especially their effective dressing and securement. It is vital to ensure 
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nurses have adequate knowledge regarding the effectiveness of dressing and securement 

products to prevent CVAD-associated complications. 

Both sterile gauze and tape and polyurethane dressing products are 

recommended in the majority of CPGs (Australian and New Zealand Intensive Care 

Society, 2012; Doellman et al., 2015; O’Grady et al., 2011), depending upon patient 

need. Additional securement devices, such as sutures, are suggested to reduce 

movement of the CVAD. These varied recommendations are based upon low level 

evidence, with few RCTs examining the relative effectiveness of these products across 

patient groups and CVAD types. For example, no specific recommendations are made 

for the dressing and securement of tunnelled, cuffed CVADs, despite their common use 

in a complex patient group. 

 There are several new alternatives to traditional CVAD dressing and 

securement products, including sutureless securement devices (SSDs), tissue adhesive 

(TA; medical-grade superglue), and integrated securement dressing (ISD) products. 

How effectively the new products perform to reduce CVAD-associated complications 

for paediatric patients, or for tunnelled, cuffed CVADs, while preserving staff, patient 

and family acceptability, is largely unknown. Randomised, experimental, efficacy trials, 

with measures to prevent bias, are necessary to provide true estimates of relative 

effectiveness and inform practice (Craig et al., 2008). However, prior to undertaking 

large efficacy trials, pilot studies are necessary to prevent problems of acceptability, 

compliance, intervention implementation, recruitment and retention, and underpowered 

studies (Craig et al., 2008).  

The high rates of paediatric CVAD-associated complications suggest that 

existing practices of CVAD management, including dressing and securement, are 

inadequate. Identifying the evidence-practice gap for CVAD management will allow the 
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focussing of future education, quality improvement and research projects. Establishing 

the effectiveness of new CVAD securement and dressing products to reduce CVAD 

complications will aid clinical decision making. High quality evidence to support 

CVAD management, including effective dressing and securement, is necessary. 

Research title  

The title of this research study is “Reducing central venous access device (CVAD) 

complications in acute care paediatrics”. 

Significance 

This study aims to provide new evidence that can be used to reduce CVAD-associated 

complications within paediatric acute care facilities in Australia and internationally. 

Within the published literature, no study has previously systematically and accurately 

described paediatric CVAD management to identify areas for potential improvement. 

This is important for a number of reasons. CVADs provide a vital contribution to a 

child’s treatment, and CVAD complications can result in significant harm. CVAD 

complications and failure prior to completion of treatment have a multifocal impact on a 

child’s health. The immediate interruption to necessary treatment results in the child 

being unable to receive prescribed chemotherapy, fluids, nutrition, antibiotics or other 

necessary medicines (van Miert et al., 2012), delaying recovery from their underlying 

condition. CVAD complications frequently obstruct or injure the vessel in which the 

CVAD had been placed, eliminating the vessel from future vascular access roles. 

CVAD failure also results in the need for the insertion of a replacement CVAD, which 

places the child at risk for insertion-related complications (Rey et al., 2009). Treatment 

of the complication, the interruption to necessary treatment, and complications 

associated with the new CVAD insertion frequently result in the child having an 

increased length of hospital stay, admission to an intensive care unit (ICU), and 

increased risk of mortality (Schwebel et al., 2012; Soufir et al., 1999). 
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CVAD management, complications, and failure place a significant burden on the 

healthcare system. In order to insert, access, and otherwise manage CVADs, many 

costly products are used. Nurses often vary their choice of CVAD management 

products, such as dressings, based on individual knowledge, personal acceptability, and 

availability of products (Ullman et al., 2014), rather than high quality evidence. CVAD 

reinsertions are costly, requiring highly skilled staff, large amounts of sterile and 

disposable equipment, monitoring devices and confirmation of placement. Recent case-

control studies have demonstrated that paediatric CVAD-associated bloodstream 

infections (BSI) cost healthcare systems around $55,646 (2011 USD) and result in 19 

additional hospital days (Goudie et al., 2014), with even higher costs ($69,332; 2011 

USD; 21.2 additional hospital days) for the haematology and oncology paediatric 

population (Wilson et al., 2014). If CVAD management is effective, and CVAD-

associated complications and failure within paediatrics are reduced, it will result in a 

significant saving of healthcare expenditures. 

Conceptual framework 

The research approach used in this PhD is underpinned by the Canadian Critical Care 

Trials Group’s (CCCTG’s) Model of Programmatic Research (Marshall & Cook, 2009) 

and the Medical Research Council’s Developing and evaluating complex interventions 

framework (Craig et al., 2008). Both models incorporate systematic appraisals using an 

integrated series of investigations, to ensure comprehensive and easily integrated 

knowledge to inform interdisciplinary practice (Craig et al., 2008; Marshall & Cook, 

2009).  This PhD research was conceived and developed following the 

recommendations of these frameworks.  Systematic reviews were first undertaken to 

identify the current knowledge of paediatric CVAD complications and CVAD dressing 

and securement. Secondly, an observational study was performed in order to describe 
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the current practice of CVAD management, including the national prevalence of 

CVADs, complications and associated risk factors. Finally, a pilot randomized 

controlled trial (RCT) was undertaken to test the feasibility of undertaking a full-scale 

randomized controlled efficacy trial of tunnelled, cuffed CVAD dressing and 

securement in paediatric acute care, to reduce complications. 

Research aim and questions 

The overarching aim of this PhD research was to investigate CVAD management 

practices for reducing the incidence of CVAD-associated complications in Australian 

paediatric facilities. The objectives were to: 

1) Identify current clinical management and complications for CVADs within 

Australian paediatric facilities; 

2) Evaluate the feasibility of launching a full-scale efficacy trial of tunnelled cuffed 

CVAD securement and dressing products within acute care paediatrics using 

pre-defined feasibility criteria; and 

3) Provide baseline estimates of the effectiveness of dressings and securement 

products on CVAD complication and failure for children with tunnelled cuffed 

CVAD in acute care. 

The research was accomplished in two phases. Phase One was a point 

prevalence audit and survey of CVAD management practices. This addressed Objective 

One. The research questions for Phase One were: 

Question 1 

What is the prevalence of CVADs, CVAD characteristics, and use in Australian 

paediatric hospitals? 

Question 2 

What is the current clinical management of CVADs in Australian paediatric hospitals? 



 34 

Question 3 

Which clinical and CVAD characteristics are associated with recent CVAD 

complications in Australian paediatric hospitals? 

Question 4 

What local guidelines and resources are available to support CVAD management across 

Australian paediatric facilities? 

 

Phase Two comprises a pilot RCT of dressing and securement for paediatric tunnelled, 

cuffed CVADs. This addressed Objective Two and Three. The research questions 

explored in this phase were: 

Question 5 

Is it feasible to undertake a full-scale efficacy trial to compare the effectiveness of 

dressing and securement products to prevent CVAD complications and failure for 

children with tunnelled, cuffed CVADs in acute care?  

Question 6 

Are new CVAD dressing and securement products, compared to standard care, 

acceptable to healthcare staff and parents of children with tunnelled, cuffed CVADs in 

acute care? 

Question 7 

How effective are three new dressing and securement products, compared to standard 

practice (bordered polyurethane (BPU) and suture), at preventing CVAD failure for 

children with tunnelled, cuffed CVADs in acute care?  

Question 8 
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What are the comparative dwell times and complication rates of three new products, 

compared to standard care, used to secure and dress tunnelled, cuffed CVADs for 

children in acute care? 

Structure of this document 

This thesis consists of six chapters and appendices, as follows: 

Chapter One: outlines the context, significance, rationale, research aims, objectives and 

questions for the study. 

Chapter Two: provides a comprehensive systematic review and meta-analysis of 

observational studies to describe CVAD failure and complications in paediatrics. This 

section comprises an introduction, a manuscript that has been published in the journal 

Pediatrics, and a conclusion to the chapter. 

Chapter Three: contains a systematic appraisal of the evidence to manage CVADs in 

paediatrics. It is comprised of an introduction to the Chapter, then a summary of the 

CPGs for CVAD paediatric management. Following on from this, there is a 

comprehensive and critical appraisal of the literature surrounding CVAD dressing and 

securement practices. This is accomplished through the presentation of two systematic 

reviews published in the Journal of the Association for Vascular Access, Cochrane 

Database of Systematic Reviews, (which was co-published in International Journal of 

Nursing Studies), followed by a conclusion to the Chapter. 

Chapter Four: outlines the research methods of the study. It describes the design of the 

two phases of the study, and for each includes the setting, sampling framework, 

recruitment, interventions (for phase two), procedures, data collection, analyses, 

validity, reliability, and ethical considerations. 

Chapter Five: presents the results and discussion of the study. This section comprises 

an introduction to the results and discussion chapter; one manuscript reporting Phase 
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One results accepted for publication in the Journal of Paediatrics and Child Health, one 

manuscript reporting Phase Two results under peer review with BMC Cancer, and a 

conclusion to the Chapter. 

Chapter Six: provides recommendations for clinical practice, further research and 

quality improvement projects, and the study conclusions.  

Conclusion 

CVADs are essential for the provision of treatment to acutely and chronically ill 

children. However, these devices are associated with serious complications including 

local or systemic infection, dislodgement, breakage, thrombosis and occlusion, and 

there is limited research to guide improvements. The findings from this study will 

provide valuable information regarding current practices to prevent CVAD 

complications within Australian paediatric facilities, as well as the feasibility of 

undertaking a full scale efficacy trial into the effectiveness of tunnelled cuffed CVAD 

dressing and securement products for children. The results and conclusions will 

facilitate future initiatives to provide best, evidence-based nursing practice for optimal 

patient outcomes.  

In summary, this chapter has provided an introduction to the significance and 

research problem under examination within this PhD project. It has also briefly outlined 

the research aim, questions and thesis structure. The next chapter critiques the literature 

to clearly identify the existing problem of paediatric CVAD failure and complications 

and to outline current knowledge gaps that inform this PhD research. 
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Chapter 2 Literature review of central venous access devices in 

paediatrics 

Introduction 

This literature review chapter is the first of two: Chapter 2 presents the literature about 

CVADs, their failure, and complications, and Chapter 3 presents the literature 

surrounding the management of CVADs to prevent failure and complications. 

Purpose 

The purpose of this chapter is to give a synopsis and critique of the literature concerning 

paediatric CVADs and their complications and failure. It comprises a systematic review 

published in the journal Pediatrics. 

 Ullman, A. J., Marsh, N., Mihala, G., Cooke, M., & Rickard, C., M. (2015). 

Complications of central venous access devices: a systematic review. Pediatrics, 

136(5). doi: 10.1542/peds.2015-1507 

Pediatrics has a 2015 Impact Factor of 5.196, and is ranked 3 out of the 120 

journals in the subject category of “Pediatrics” (“2015 Journal Citation Reports® 

Science Edition,” 2016). Since this manuscript has been published in late 2015, it has 

been cited seven times (Google Scholar). 
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Complications of central venous access devices: a systematic review 

Ullman, A. J., Marsh, N., Mihala, G., Cooke, M., & Rickard, C., M. (2015). 

Complications of central venous access devices: a systematic review. Pediatrics, 

136(5). doi: 10.1542/peds.2015-1507 

Abstract 

Context  

The failure and complications of central venous access devices (CVAD) result in 

interrupted medical treatment, morbidity and mortality for the patient and the risks and 

resources associated with the insertion of new CVAD.  

Objective  

To systematically review existing evidence of the incidence of CVAD failure and 

complications across CVAD types within paediatrics.  

Data Sources  

CENTRAL, PubMed and CINAHL databases were systematically searched to January 

2015. 

Study Selection  

Included studies were of cohort design and examined the incidence of CVAD failure 

and complications across CVAD type in paediatrics within the last ten years. CVAD 

failure was defined as CVAD loss of function prior to the completion of necessary 

treatment, and complications as CVAD-associated bloodstream infection, CVAD local 

infection, dislodgement, occlusion, thrombosis and breakage. 

Data Extraction  

Data were independently extracted and critiqued for quality by two authors. 
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Results  

Seventy-four cohort studies met the inclusion criteria, with mixed quality reporting and 

method. Overall, 25% of CVADs failed prior to completion of therapy (95% CI 20.9%–

29.2%) at a rate of 1.97 per 1,000 catheter days (95% CI 1.71–2.23). The failure per 

CVAD device was highest proportionally in haemodialysis catheters (46.4%, 95%CI 

29.6%–63.6%); and per 1,000 catheter days in umbilical catheters (28.6 per 1,000 

catheter days, 95% CI 17.4–39.8). Totally implanted devices had the lowest rate of 

failure per 1,000 catheter days (0.15, 95% CI 0.09–0.20).  

Limitations  

The inclusion of non-randomized and non-comparator studies may have affected the 

robustness of the research.  

Conclusions  

CVAD failure and complications in paediatrics is a significant burden on the healthcare 

system internationally.  
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Background 

Worldwide, millions of central venous access devices (CVADs) are used in healthcare 

facilities to provide supportive and interventional therapies during acute and chronic 

illness. Within paediatrics, the therapies that CVADs facilitate are diverse, varying from 

the life-long administration of nutrition, to the aggressive treatment of oncological 

conditions (Carraro et al., 2013). Children with CVADs are already vulnerable to 

complications and disability because of their underlying health condition. This 

vulnerability to complications is worsened by the risk of adverse events associated with 

the insertion and management of CVADs (Cesaro et al., 2004; Perdikaris, Petsios, 

Vasilatou-Kosmidis, & Matziou, 2008). 

There are a range of CVADs available, which healthcare professionals elect to 

insert on the basis of the predicted duration of clinical necessity (short, medium or long 

term), risk of adverse outcomes, treatment requirements (e.g., haemodialysis), 

frequency of usage and vein availability. Traditionally, non-tunnelled and umbilical 

CVADs have been recommended for short term usage (up to 7–10 days) (Loveday et 

al., 2014; O’Grady et al., 2011; Pittiruti, Hamilton, Biffi, MacFie, & Pertkiewicz, 2009),  

peripherally inserted central catheters (PICCs) for short to medium term usage (4 weeks 

to 6 months) (Loveday et al., 2014; Pittiruti et al., 2009), and tunnelled CVADs and 

totally implantable catheters for long term usage (months / years) (Loveday et al., 2014; 

Ruebner et al., 2006). The goal for all CVADs is to provide safe and reliable vascular 

access to facilitate necessary treatment, without complications related to insertion, 

maintenance and/or removal. 

CVAD failure 

CVADs provide a vital contribution to each child’s treatment, and their failure can 

result in significant harm. Each failure also places a significant burden on the healthcare 
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system. The immediate interruption to necessary treatment results in an inability to 

receive prescribed chemotherapy, fluids, nutrition, antibiotics or other necessary 

medicines (Peng, Monagle, & Newall, 2011; van Miert et al., 2012). CVAD reinsertions 

are costly, requiring highly skilled staff, large amounts of sterile and disposable 

equipment, theatre time, monitoring devices and radiological confirmation of placement 

(Askegard-Giesmann, Caniano, & Kenney, 2009). Their insertion can result in 

complications including pneumothorax, arterial puncture, haemorrhage and cardiac 

rhythm dysfunction (Rey et al., 2009), with overall CVAD insertion-related 

complications reported in 7% to 18% of CVAD insertions (Alexandrou et al., 2014; 

Gibson & Bodenham, 2013). The more CVADs a child has previously had inserted, the 

more complex the procedure becomes, as CVAD failures can result in venous damage 

and insufficiency (Gibson & Bodenham, 2013). Even after successful CVAD insertion, 

there are many mechanisms which may result in CVAD failure or complication, many 

of which are considered preventable (Miller et al., 2011; Ullman et al., 2014). 

Infective complications 

CVADs place patients at risk of local and systemic infective complications, including 

local site infection (e.g., exit site) and bloodstream infection (BSI) (O’Grady et al., 

2011; Ullman et al., 2015c). The multifocal path of microbial transmission of bacteria 

or fungi can be as a result of skin organisms at the insertion site, contamination of the 

internal device hub, haematogenous seeding and/or infusate contamination (Maki et al., 

1977; Mermel, 2011; O’Grady et al., 2011). Microbial colonisation of the entry or exit 

site of CVADs can result in local infection. This infection is commonly caused by 

resident skin flora, and results in inflammation of the skin (dermatitis), subcutaneous 

tissue (cellulitis) or vein (phlebitis). CVAD failure related to local infection is normally 
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due to poor response to topical therapy, tunnel infection and purulent drainage (Mermel 

et al., 2009). 

CVAD-associated BSIs are prevalent world-wide, with an estimated 41,000 

occurring in United States hospitals each year (Centers for Disease Control and 

Prevention, 2014). CVAD-associated BSI is associated with a prolonged hospital stay 

(~10 days) and an increase in the relative risk of death by 1.06 (absolute 1% attributable 

increase) (Halton, Cook, Paterson, Safdar, & Graves, 2010). CVAD-associated BSI 

have an attributable cost of between $5,821 and $60,536USD per event (Cooper et al., 

2014; Kim, Holtom, & Vigen, 2011; Schwebel et al., 2012) and frequently result in 

device failure. 

Mechanical complications 

As CVADs remain partially exogenous to the body, CVAD failure may also occur as a 

result of dislodgement and breakage. Breakage of a CVAD is most commonly due to 

the use of excessive force, causing a split in the structure of the device. This may be due 

to drag from multiple heavy infusion tubes, catching on environmental structures (e.g., 

clothing, bedrails), intentional or accidental removal by patients or the use of 

inappropriately small syringe size for the injection of infusates (Cesaro et al., 2004). 

CVAD occlusion may also result in device failure and is caused by the presence 

of a fibrin sheath, medication precipitate, catheter tip thrombus or position of the 

catheter tip against a vessel or chamber wall (Barnacle et al., 2008; Peng et al., 2011). 

CVAD-associated thrombosis may be as a result of fibrin deposited inside the CVADs 

(intraluminal thrombosis), adhering to the vein wall (mural thrombosis) or around the 

intravascular portion of the CVADs (fibrin sheath) (Barnacle et al., 2008; van Miert et 

al., 2012). Fibrin sheaths only cause malfunction when the sheath extends around or 
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over the tip of the CVADs, and in many cases CVAD-associated thromboses are 

asymptomatic and the device continues to function (Barnacle et al., 2008) . 

Individual studies have examined the rate and incidence rate of CVAD failure 

and complications in paediatrics, but an overall estimation per CVAD type throughout 

this population has not been established. This systematic review aims to examine the 

proportion and rate of CVAD failure and complications in paediatrics across CVADs 

type. 

Methods 

The study used standard methods for systematic review and is reported in accordance 

with MOOSE (Meta-analysis of observational studies in epidemiology) (Stroup et al., 

2000) where applicable. 

Eligibility criteria 

A systematic search for cohort studies examining failure and complications of CVADs 

in paediatrics was conducted. Studies were eligible for inclusion if they met predefined 

inclusion criteria: (1) cohort design (prospective or retrospective); (2) study participants 

aged 0–18 years; (3) reported the failure and/or complications of CVADs included as 

outcome measures; (4) reported the outcomes per PICCs, umbilical catheters, non-

tunnelled percutaneous CVADs, haemodialysis (HD) catheters, tunnelled CVADs or 

totally implantable CVADs. The review was limited to observational studies in order to 

describe the failure and complications statistics across CVADs in paediatrics, without 

confounding the description with the comparative effectiveness of various interventio ns. 

There were no restrictions placed in terms of patient underlying condition. We excluded 

studies if they were not written in English and were greater than ten years old, to reflect 

and maximize relevance to current practices.  
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Outcome measures 

The primary outcome of the review was defined a priori, in accordance with landmark 

intravascular research, as CVAD failure prior to the completion of necessary treatment 

(Prieto-Merino, Smeeth, Staa, & Roberts, 2013; Rickard et al., 2012; Schulz, Altman, 

Moher, & CONSORT Group, 2011). The secondary outcomes were CVAD 

complications after successful CVAD insertion. These were: 

1. CVAD-associated BSI: Minimum definition of a laboratory confirmed 

bloodstream infection that is not secondary to an infection at another body site, 

with a CVAD in place for greater than two days (Centers for Disease Control 

and Prevention, 2014); 

2. CVAD-associated thrombosis: Development of thrombosed vessel (partial or 

complete) at the CVADs site diagnosed via ultrasound (Fratino et al., 2005); 

3. Occlusion or blockage: As defined by study investigators and included partial 

and full blockage of the CVAD lumen or lumens, irrespective of occlusion 

treatment (Fratino et al., 2005); 

4. Dislodgement or migration: As defined by study investigators and included 

partial, complete and accidental removal which results in the CVAD tip no 

longer being placed in the inferior or superior vena cava (O’Grady et al., 2011);  

5. Breakage or rupture: As defined by study investigators and included a visible 

split in CVADs material diagnosed by leakage or radiographic evidence of 

extravasation from a portion of the CVAD into tissue (Alexandrou et al., 2014); 

and 

6. Local infection and phlebitis: As defined by the study investigator and included 

exit, entrance, tunnel infections and phlebitis (O’Grady et al., 2011). 
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Search strategy and study selection 

The Cochrane Central Register of Controlled Trials (CENTRAL; the Cochrane 

Library), US National Library of Medicine National Institutes of Health (PubMed), and 

Cumulative Index to Nursing and Allied Health (CINAHL) databases were 

systematically and independently searched on the 27th of January, 2015. Medical subject 

headings (MeSH) were developed by a healthcare librarian and were “vascular access 

devices”, “central venous catheters” and “pediatrics”. Additional studies were identified 

through searches of bibliographies.  

Data extraction and missing data 

All data were extracted by two independent investigators (AU, NM), using a 

standardized data extraction form. Study data were extracted regarding the number of 

patients, catheters, patient population, CVADs type, study method, frequency of CVAD 

failures and complications, catheter days and country of origin. For studies with missing 

data (e.g., CVAD catheter days), the study authors were contacted via email where 

possible.  

Statistical methods 

As only cohort studies were included, descriptive statistics have been used to provide 

summative information of the study population and results. Score confidence intervals 

(CI) with Freeman-Tukey double arcsine transformations were calculated for individual 

studies where the outcome was dichotomous (failure/no failure; binomial data) (Nyaga, 

Abryn, & Aerts, 2014), and Poisson confidence intervals and standard errors were 

calculated for incidence rate (IR) outcomes. Pooled estimates were generated with 

random-effects meta-analysis, with results summarized per device type using proportion 

(%) and 95% CI. IR outcomes (continuous data) were pooled using inverse variance, 
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with the DerSimonian and Laird method, per 1,000 catheter days and 95% CI. 

Heterogeneity (between studies) was assessed using the I2 measure, categorized as low 

(< 25%), moderate (25–75%) or high (> 75%). Subgroup analysis was completed with 

random-effects meta-regression. Subgroup analysis and tests for overall effect (null 

hypothesis: no treatment effect) were assessed with the P-value, categorized as 

significant at < 0.05 level. Extreme or obviously incorrect data were re-checked for 

accuracy. Stata (StataCorp, 2014) was used for all analyses. 

Subgroup analysis 

Given the predicted heterogeneity of the study populations, subgroup analyses were 

planned to compare CVAD failure rates by CVADs types in populations involving: 

neonates and paediatrics; oncology/haematology and all others; and outpatient and 

inpatient managed devices. Results of the subgroup analyses are described using CVAD 

failure proportion, IR per 1,000 catheter days and 95% CI, where possible. 

Risk of bias assessment and sensitivity analyses 

In accordance with the MOOSE guidelines (Stroup et al., 2000), study quality was 

assessed by examination of key components of an included study’s design, in 

comparison to an overall score. Based upon elements of the STROBE (STrengthening 

the Reporting of OBservational studies in Epidemiology) guidelines (Vandenbroucke et 

al., 2014), these design features were clarity, consistency, and rigor of the outcome 

measures, completeness of outcome reporting and research methods. To further describe 

the risk of bias within the meta-analysis, sensitivity analyses were undertaken 

comparing CVAD failure proportion and IR per 1,000 catheter days, and 95% CI per 

CVADs type between retrospective and prospective studies. 
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Results 

Systematic search results 

Figure 2.1 describes the flow of inclusion and exclusion for the study selection, in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, & Altman, 2010). After 

removal of duplicates, 307 records were identified with 96 requiring full text for review. 

From the full text articles, 22 were excluded as they included both adult and paediatric 

participants (Dal Molin et al., 2012; Zaritsky et al., 2008), reported intraoperative 

CVADs complications (Dheer, Chaudhry, & Singh, 2011; Dzierzega, Ossowska, 

Chmiel, Wieczorek, & Balwierz, 2014; Malbezin et al., 2013; Rey et al., 2009), did not 

provide separate outcome data per CVADs type (Fallon et al., 2014; Haddad et al., 

2014; Journeycake & Buchanan, 2006; Robinson et al., 2013; Ruebner et al., 2006; 

Wiegering et al., 2014), provided inadequate information to facilitate data extraction 

(Allen et al., 2008; Blanchard et al., 2013; Colacchio et al., 2012; Elihu & Gollin, 2007; 

Fadel, Abdel Mooty, Bazaraa, & Sabry, 2008; McLean, Fisher, Snively, & Chauvenet, 

2005; Yang et al., 2012), or had outcome definitions not in accordance with the review 

(Hussain, Gomez, Wludyka, Chiu, & Rathore, 2007; Jain, Deshpande, & Shah, 2013; 

Xia, Tang, Xiong, Li, & Mu, 2010). Seventy-four studies were assessed as meeting the 

inclusion criteria.  
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Figure 1: PRISMA flow chart of study selection 

 

Thirty-two study authors were contacted to provide additional information 

regarding the research results; most commonly for the total CVAD catheter days per 

CVAD type. Eleven authors were able to provide the additional information (Aiyagari, 

Song, Donohue, Yu, & Gaies, 2012; Barrier et al., 2012; Casner, Hoesli, Slaughter, Hill, 

& Weitkamp, 2014; Chelliah et al., 2007; Costa, Bueno, Alves, & Kimura, 2013; Nam, 

Kim, Kim, & Kim, 2010; Ozkiraz et al., 2013; Revel-Vilk et al., 2010; Uygun, Okur, 

Otcu, & Ozturk, 2011; Wagner et al., 2011; Yumani et al., 2013), three were unable to 

provide the requested data (Mangum et al., 2013; Tercier et al., 2008; White et al., 

2012a), and 17 did not respond (Adler et al., 2006; Almuneef et al., 2006; Bezzio et al., 
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2009; Bratton, Johnstone, & McMullen, 2013; Can et al., 2014; Cheng et al., 2014; 

Delarbre et al., 2014; Fallon et al., 2013; Gapany et al., 2011; Lopez et al., 2014; Njere, 

Islam, Parish, Kuna, & Keshtgar, 2011; Peynircioglu et al., 2007; Pinon et al., 2009; 

Rouzrokh et al., 2009; Sharp, Knott, Thomas, Rivard, & St Peter, 2014; Smitherman & 

Weston, 2014; Thornburg, Smith, Smithwick, Cotten, & Benjamin, 2008). 

Characteristics of included studies 

The review includes 24 prospective and 50 retrospective cohort studies. These studies 

were undertaken in Europe (Albisetti et al., 2013; Arnts, Bullens, Groenewoud, & Liem, 

2014; Bartram et al., 2011; Bezzio et al., 2009; Bucki et al., 2008; Can et al., 2014; 

Castagnola et al., 2005; Cesaro et al., 2004; Cil, 2004; Delarbre et al., 2014; Fratino et 

al., 2009; Fratino et al., 2005; Gapany et al., 2011; Garcia-Teresa et al., 2007; Handrup, 

Moller, Frydenberg, & Schroder, 2010; Haumont et al., 2008; Hengartner, Berger, 

Nadal, Niggli, & Grotzer, 2004; Krishnaiah, Soothill, Wade, Mok, & Ramnarayan, 

2012; Njere et al., 2011; Ozkiraz et al., 2013; Perdikaris et al., 2008; Peynircioglu et al., 

2007; Pinon et al., 2009; Ruggiero et al., 2010; Tercier et al., 2008; Unal, Ekici, Cetin, 

& Bilgin, 2012; Uygun et al., 2011; Wagner et al., 2011; White et al., 2012a; Yumani et 

al., 2013), North America (Adeb et al., 2012; Advani, Reich, Sengupta, Gosey, & 

Milstone, 2011; Aiyagari et al., 2012; Barrier et al., 2012; Bratton et al., 2013; Brooker 

& Keenan, 2007; Casner et al., 2014; Chelliah et al., 2007; Fallon et al., 2013; Gaballah 

et al., 2014; Hoang et al., 2008; Jumani, Advani, Reich, Gosey, & Milstone, 2013; 

Mangum et al., 2013; Milstone et al., 2013; Piper, de Silva, Amaral, Avitzur, & Wales, 

2013; Raj, Bertolone, Bond, Burnett, & Denker, 2005; Reyes, Habash, & Taylor, 2012; 

Sengupta, Lehmann, Diener-West, Perl, & Milstone, 2010; Sharp et al., 2014; 

Smitherman & Weston, 2014; Thornburg et al., 2008; Titapiwatanakun et al., 2009; Toh 

et al., 2013; Van Winkle, Whiffen, & Liu, 2008; Wong, Dow, Shah, Andrews, & Lee, 
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2012), Asia (Abedin & Kapoor, 2008; Adler et al., 2006; Almuneef et al., 2006; Cheng 

et al., 2014; Eisenstein et al., 2011; Hatakeyama et al., 2011; Hsu et al., 2010; Hung et 

al., 2009; Levy, Bendet, Samra, Shalit, & Katz, 2010; Matsuzaki et al., 2006; Nam et 

al., 2010; Revel-Vilk et al., 2010; Rouzrokh et al., 2009; Shen, Gao, Wang, Mao, & 

Wang, 2009; Tsai et al., 2011; Tsai et al., 2009; Yacobovich et al., 2014), and South 

America (Costa et al., 2013; Lopez et al., 2014). Included subjects were aged 0–17 

years and required treatment for oncological or haematological conditions, support 

during intensive care admission, or central access for haemodialysis, post-surgical, 

general infusion therapy and parenteral nutrition. Table 2.1 describes the populations 

and CVAD types described within the included studies. 
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 Table 2.1: Number of included studies with patient population and CVAD type 

CVAD Type Neonatal 

Intensive 

Care 

Paediatric 

Intensive 

Care 

Haematology 

/ Oncology 

General 

Paediatrics 

Outpatients 

(including 

GE failure) 

TOTAL 

Peripherally 

inserted 

central 

catheter 

(PICC) 

16 - 6 8 3 33 

Umbilical 

catheters 

5 - - 1 - 6 

Non-

tunnelled, 

percutaneous 

CVAD 

3 5 - 2 

 

- 10 

Haemodialysis 

catheters 

- - - 4 4 8 

Tunnelled, 

partially 

implanted 

CVAD 

- 1 13 5 1 20 

Totally 

implantable 

CVAD 

- - 19 4 1 24 

TOTAL 24 6 38 24 9  

CVAD = Central venous access device; GE = Gastroenterological 

Study qualities 

The quality of the studies was mixed, with incomplete reporting of denominators of 

outcomes and poor outcome definition consistency to benchmarked standards evident. 

Twelve studies (Bratton et al., 2013; Castagnola et al., 2005; Fallon et al., 2013; 

Haumont et al., 2008; Jumani et al., 2013; Mangum et al., 2013; Matsuzaki et al., 2006; 

Nam et al., 2010; Rouzrokh et al., 2009; Sharp et al., 2014; Uygun et al., 2011; White et 

al., 2012a) described the outcome of CVAD-associated BSI without the clarity and rigor 
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of benchmarked standards, which meant that their CVAD-associated BSI data were not 

included within the review. Two studies (Eisenstein et al., 2011; Fratino et al., 2005) 

provided a combined ‘all type’ infection or mechanical failure outcomes instead of 

providing separated local and systemic infection, occlusion, and dislodgement data. 

These data were also not included in the review. We were unable to ascertain the 

number of catheter days in 23 studies (Adler et al., 2006; Almuneef et al., 2006; Bezzio 

et al., 2009; Bratton et al., 2013; Can et al., 2014; Cheng et al., 2014; Delarbre et al., 

2014; Fallon et al., 2013; Gapany et al., 2011; Garcia-Teresa et al., 2007; Haumont et 

al., 2008; Lopez et al., 2014; Mangum et al., 2013; Njere et al., 2011; Peynircioglu et 

al., 2007; Pinon et al., 2009; Rouzrokh et al., 2009; Shen et al., 2009; Smitherman & 

Weston, 2014; Tercier et al., 2008; Thornburg et al., 2008; Unal et al., 2012; White et 

al., 2012a), which excluded their data from contributing to the meta-analysis reporting 

failure and complications per 1,000 catheter days. 

Synthesis of results 

CVAD failure 

Table 2.2 reports the overall pooled proportion and IR of CVAD failure and 

complications across CVADs type. Figures 2.2 and 2.3 report the individual and pooled 

proportion and IR of CVAD failure across CVADs type. Overall 25% (95% CI 20.9%–

29.2%) of paediatric CVADs failed prior to completion of therapy; with an IR of 1.97 

per 1,000 catheter days (95% CI 1.71-2.23; 60 studies; 16,859 CVADs; 1,282,332 

catheter days). Overall heterogeneity of studies reporting proportions of failure was high 

(I2 = 97.1%), and moderate to high (I2 = 75.0%–97.3%) when examined per device 

group. Umbilical catheters had the lowest pooled proportion of CVAD failure (11%; 

95% CI 0.7%–30.2%) and the highest pooled IR per 1,000 catheter days (28.6; 95% CI 

17.4–39.8) with two and one (respectively) studies (426 CVADs; 979 catheter days) 
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contributing to the analysis. HD catheters had the highest pooled proportion of CVAD 

failure (46.4%; 95% CI 29.6%–63.6%; 323 CVAD). PICCs had the second-highest 

pooled IR per 1,000 catheter days (12.4; 95% CI 10.0–14.9; 241,019 catheter days). 

Totally implanted devices had the lowest pooled IR of failure per 1,000 catheter days 

(0.15; 95% CI 0.09–0.20; 819,022 catheter days). Because of a lack of data, a rate of 

CVAD failure per 1,000 catheter days for non-tunnelled, percutaneous CVADs could 

not be estimated. 
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Table 2.2: Proportions and incidence rates of CVAD complications across device type in included studies  

 CVAD type Proportion of complications Incidence rates of complications / 1,000 catheter days  

Studies CVAD Outcomes Pooled % 95% CI Studies Catheter 

days 
Outcomes Pooled IR 95% CI 

Failure All 60 16,859 4,121 25.0% (H,S,S) 20.9-29.2 37 1,282,332 2,370 1.97 (H,S,S) 1.71-2.23 

PICC 23 10,163 2,771 30.1% (H,S,-) 24.4-36.1 17 241,019 2,006 12.43 (H,S,-) 9.98-14.89 

Umbilical 2 426 41 11.0 %(H,S,-) 0.7-30.2 1 979 28 28.60 (-,S,-) 17.44-39.77 

Non-tunnelled 2 1,126 248 16.7% (M,S,-) 6.1-30.9 0 - - - - 

HD 4 323 124 46.4% (H,S,-) 29.6-63.6 2 53,828 86 1.57 (L,S,-) 1.16-1.99 

Tunnelled 10 1,501 424 29.2% (H,S,-) 15.9-44.6 6 167,484 123 0.86 (H,S,-) 0.41-1.32 

Totally implanted 19 3,320 493 15.8% (H,S,-) 9.4-23.5 10 819,022 127 0.15 (M,S,-) 0.09-0.20 

CVAD-

associated 

BSI 

All 75 31,933 2,899 10.3% (H,S,N) 8.9-11.6 50 1,338,756 2,164 1.63 (H,S,S) 1.40-1.86 

PICC 27 16,428 1,081 8.6% (H,S,-) 7.0-10.2 22 363,208 861 3.06 (H,S,-) 2.39-3.72 

Umbilical 6 498 60 8.7 % (H,S,-) 1.5-15.9 1 979 33 33.71 (-,S,-) 21.64-45.78 

Non-tunnelled 10 11,020 1,028 8.7 % (H,S,-) 3.6-13.8 7 144,885 887 5.86 (H,S,-) 3.38-8.34 

HD 4 323 31 10.4% (L,S-,) 3.7-17.0 2 53,828 23 0.41 (N,S,-) 0.22-0.60 

Tunnelled 13 1,992 413 19.9% (H,S,-) 12.6-27.2 8 188,807 189 1.13 (H,S,-) 0.65-1.61 

Totally implanted 15 1,672 286 15.9% (H,S,-) 10.2-21.7 10 587,049 171 0.28 (H,S,-) 0.14-0.42 

Thrombosis All 53 15,979 471 1.7% (H,S,N) 0.8-2.8 30 1,168,248 153 0.08 (M,S,N) 0.04–0.11 

PICC 16 8,482 317 2.1% (H,S,-) 0.5-4.7 12 226,931 61 0.17 (M,S,-) 0.06-0.29 

Umbilical 3 402 12 3.7% (H,N,-) 0.0-12.2 0 - - - - 

Non-tunnelled 4 1,370 23 3.7% (H,S,-) 0.0-11.1 2 7,689 13 9.06 (H,N,-) 0.00-28.4 

HD 3 264 7 2.9% (H,N,-) 0.0-12.8 1 30,936 2 0.07 (-,N,-) 0.00–0.18 
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Tunnelled 12 3,019 42 0.6% (L,S-), 0.2-1.2 7 335,689 20 0.04 (L,S,-) 0.01-0.07 

Totally implanted 15 2,442 70 1.9% (H,S,-) 0.1-4.9 8 567,003 57 0.06 (H,S,-) 0.01-0.12 

Occlusion 

/ blockage 

All 53 15,344 1,321 7.4% (H,S,N) 5.5-9.6 32 698,836 823 1.06 (H,S,S) 0.85–1.27 

PICC 23 9,786 837 8.2% (H,S,-) 5.9-10.9 18 269,774 543 2.21 (H,S,-) 1.66–2.77 

Umbilical 3 472 2 0.2% (N,N,-) 0.0-1.2 1 979 0 0.00 (-,N,-) 0.00-1.88 

Non-tunnelled 2 1,126 118 8.0% (M,S,-) 2.7-15.5 0 - - - - 

HD 2 233 17 11.1% (H,S,-) 0.0-34.8 1 30,936 8 0.26 (H,S,-) 0.06-0.46 

Tunnelled 10 1,485 227 12.1% (H,S,-) 0.4-23.5 7 280,516 216 0.85 (H,S,-) 0.48-1.23 

Totally implanted 13 2,242 120 5.0% (H,S,-) 1.5-9.9 5 116,631 56 0.30 (H,S,-) 0.04-0.57 

Dislodge-

ment / 

migration 

All 39 9,784 686 4.7% (H,S,N) 3.2-6.4 23 645,611 437 0.43 (H,S,S) 0.30-0.56 

PICC 14 5,389 389 5.4% (H,S,-) 3.3-8.0 11 203,619 383 1.42 (H,S-) 0.70-2.14 

Umbilical 1 140 4 2.9% (-,S,-) 0.6-6.4 1 979 4 4.09 (-,S,-) 0.0-8.76 

Non-tunnelled 2 1,126 91 3.5% (H,N,-) 0.0-15.2 0 - - - - 

HD 3 264 14 8.8% (H,S,-) 0.1-26.0 1 30,936 3 0.10 (-,N-) 0.00-0.23 

Tunnelled 8 963 89 7.0% (H,S,-) 1.7-15.0 5 154,725 41 0.24 (H,S-) 0.03-0.46 

Totally implanted 11 1,902 99 2.0% (H,S,-) 0.1-5.2 5 256,962 6 0.02 (N,N,-) 0.00-0.04 

Breakage / 

rupture 

All 45 12,092 313 1.6% (H,S,S) 0.9-2.5 29 841,359 240 0.14 (H,S,S) 0.08-0.19 

PICC 19 8,154 279 3.9% (H,S,-) 2.5-5.5 15 226,990 218 0.88 (H,S,-) 0.51-1.26 

Umbilical 1 140 0 0.0% (-,N,-) 0.0-1.2 1 979 0 0.00 (-,N,-) 0.00-1.88 

Non-tunnelled 1 34 3 8.8% (-,S,-) 1.2-21.2 0 - - - - 

HD 3 264 2 0.5% (M,N,-) 0.0-5.3 1 30,936 0 0.00 (-,N,-) 0.00-0.06 

Tunnelled 8 963 21 1.1% (M,S,-) 0.0-3.1 5 154,725 18 0.08 (M,N,-) 0.00-0.17 

Totally implanted 13 2,179 8 0.0% (N,N,-) 0.0-0.0 7 427,729 4 0.01 (N,N,-) 0.00-0.02 
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Local 

infection / 

phlebitis 

 

All 39 8,217 404 3.1% (H,S,S) 2.0-4.4 28 900,192 304 0.19 (H,S,S) 0.12-0.26 

PICC 15 4,191 220 4.5% (M,S,-) 3.3-5.8 13 176,590 219 1.32 (H,S,-) 0.85-1.79 

Umbilical 1 140 9 6.4% (-,S,-) 2.9-11.2 1 979 9 9.19 (-,S,-) 2.57-15.82 

Non-tunnelled 2 259 0 0.0% (L,N,-) 0.0-0.4 1 7,303 0 0.00 (-,N,-) 0.00-0.25 

HD 2 233 3 0.9% (N,N,-) 0.0-2.9 1 30,936 3 0.10 (-,N,-) 0.00-0.23 

Tunnelled 9 1,827 113 4.8% (H,S,-) 1.4-9.6 5 154,725 64 0.38 (H,S,-) 0.10-0.65 

Totally implanted 10 1,567 59 1.5% (H,S,-) 0.0-4.5 7 529,659 9 0.01 (N,N,-) 0.00-0.02 

BSI = Bloodstream infection; CVAD = Central venous access device; CI = Confidence interval; HD = Haemodialysis; IR = Incidence rate; PICC = 

Peripherally inserted central catheter; (H,S,S) etc.: first character describes heterogeneity of studies as negligible (N), low (L), moderate (M) or high 

(H), second describes result of effect-size test (S = significant, N = non-significant), third describes result of test for heterogeneity between sub-groups, 

where applicable (S = significant, N = non-significant) 
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Figure 2: Forest plot showing the pooled, weighted proportion of CVAD failure across 

CVAD type 
Random effects meta-analysis showing the individual and pooled weighted proportion of 

CVAD failure; stratified by CVAD type 
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Figure 3: Forest plot showing the pooled, weighted incidence rate of CVAD failure per 1,000 
catheter days across CVAD type 

Inverse variance meta-analysis showing the individual and pooled incidence rate of CVAD 

failure per 1,000 catheter days; stratified by CVAD type 
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CVAD complications 

Table 2.2, Figures 2.4 and 2.5 report the individual and pooled proportion and IR per 

1,000 catheter days of CVAD-associated BSI, stratified by CVAD type. Overall, 10.3% 

(95% CI 8.9%–11.6%; I2 = 95.0%; 75 studies; 31,933 CVAD) of paediatric CVADs 

developed a CVAD-associated BSI with an IR of 1.63 per 1,000 catheter days (95% CI 

1.40–1.86; I2 = 97.3%; 50 studies; 1,338,756 catheter days). Tunnelled CVADs had the 

highest pooled proportion of CVAD-associated BSI (19.9%; 95% CI 12.6%–27.2%; 

1,992 CVAD); while umbilical catheters had the highest pooled IR per 1,000 catheter 

days (IR 33.7; 95% CI 21.6-45.8; 979 catheter days). 
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Figure 2.4: Forest plot showing the pooled, weighted proportion of CVAD-associated 

bloodstream infection across CVAD type  
Random effects meta-analysis showing the individual and pooled weighted proportion of 

CVAD-associated bloodstream infection; stratified by CVAD type 
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Figure 2.5: Forest plot showing the pooled, weighted incidence rate of CVAD-associated 
bloodstream infection per 1,000 catheter days across CVAD type  
Inverse variance meta-analysis showing the individual and pooled incidence rate of CVAD-

associated bloodstream infection per 1,000 catheter days; stratified by CVAD type 
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Tunnelled CVADs had the highest pooled proportion of occlusion or blockage 

(12.1%; 95% CI 0.4%–23.5%; 1,485 CVAD), but PICCs had the highest pooled IR per 

1,000 catheter days (2.2; 95% CI 1.7–2.8; 269,774 catheter days). Tunnelled CVADs 

had the highest proportion of local infection or phlebitis (4.8%; 95% CI 1.4–9.6; 1,827 

catheter days), with umbilical catheters having the highest IR per 1,000 catheter days 

(9.2; 95% CI 2.6–15.8; 979 catheter days). Totally implanted devices had the lowest 

proportion and rate of dislodgement per 1,000 catheter days for dislodgement (2.0%, 

95% CI 0.1–5.1, 1,902 CVAD; 0.02, 95%CI 0.00–0.04; 256,962 catheter days), and the 

lowest proportion of breakage / rupture (0.0%, 95%CI 0.0–0.0; 2,179 CVAD). 

Subgroup analyses 

The results of the subgroup analyses describing the pooled proportion and IR of CVAD 

failure per 1,000 catheter days across study populations are shown in Table 2.3. Due to 

availability of data, subgroup analyses were only carried out on PICCs (neonates and 

paediatrics; oncology/haematology and all others; outpatients and inpatients), tunnelled 

CVADs (oncology/haematology and all others; outpatients and inpatients) and totally-

implantable CVADs (oncology/haematology and all others). The rate of PICC failure 

per 1,000 catheter days was significantly (p < 0.001) higher for neonates (IR 25.9; 95% 

CI 21.2–30.5) compared with paediatric patients (IR 5.6; 95% CI 3.2–8.1). PICCs 

managed in outpatient facilities had significantly (p = 0.007) lower proportion of failure 

(24.5%; 95% CI 16.9–32.8) in comparison to inpatient facilities (35.1%; 95% CI 27.3–

43.2). Comparatively tunnelled CVADs which were managed in outpatients facilities 

had significantly (p = 0.016) higher proportion of failure (37.8%; 95% CI 17.0–61.3) in 

comparison to inpatient facilities (12.6%; 95% CI 8.5–17.3).
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Table 2.3: Subgroup analyses: Proportions and incidence rates of CVAD failure per device across study populations 

CVAD 

type 

Study 

population 

Proportion of failure Incidence rates of failure per 1,000 cath. days  

Studies CVAD Outcomes Pooled % 95% CI Studies 
Catheter 

days 
Outcomes 

Pooled 

incidence rates 
95% CI 

PICC Pooled 22 8,596 2,346 30.2% (H,S,N) 23.9-36.9 17 176,568 1,581 13.06 (H,S,S) 10.39-15.73 

Neonates 11 4,521 1,472 35.4% (H,S,-) 25.0-46.6 8 29,744 700 25.87 (H,S,-) 21.23-30.52 

Paediatrics 11 4,138 894 25.0% (H,S,-) 18.2-32.5 9 146,824 881 5.64 (H,S,-) 3.18-8.09 

Pooled 23 10,163 2,791 30.1% (H,S,N) 24.4-36.1 18 241,019 2,006 12.43 (H,S,N) 9.98-14.89 

Onc/haem 4 357 119 30.0% (H,S,-) 15.2-47.3 3 54,285 114 2.54 (H,S,-) 0.55-4.53 

All others 19 9,743 2,652 30.1% (H,S,-) 23.9-36.7 15 186,734 1,892 15.80 (H,S,-) 12.44-19.15 

Pooled 51 10,072 2,783 31.3% (H,S,N) 25.4-37.4 18 241,019 2,006 12.43 (H,S,S) 9.98-14.89 

Outpatients 32 3,673 748 24.5% (H,S,-) 16.9-32.8 7 128,133 743 5.04 (H,S,-) 2.28-7.80 

Inpatients 19 6,399 2,035 35.1% (H,S,-) 27.3-43.2 11 112,886 1,263 19.91 (H,S,-) 15.15-24.67 

Tunnelled  Pooled 11 1,501 424 29.2% (H,S,N) 15.9-44.6 6 167,484 123 0.87 (H,S,N) 0.41-1.32 

Onc/haem 8 1,410 395 31.1% (H,S,-) 15.8-48.9 5 166,068 122 0.88 (H,S,-) 0.41-1.34 

All others 2 91 29 21.3% (H,S,-) 0.3-57.5 1 1,416 1 0.71 (-,N,-) 0.00-2.67 

Pooled 7 1,281 375 33.6% (H,S,S) 16.1-53.8 4 146,740 102 0.84 (H,S,N) 0.32-1.35 

Outpatients 6 1,058 347 37.8% (H,S,-) 17.0-61.3 3 94,901 74 1.20 (H,S,-) 0.30-2.10 

Inpatients 1 223 28 12.6% (-,S,-) 8.5-17.3 1 51,839 28 0.54 (-,S,-) 0.33-0.75 

Totally 

implante

d 

Pooled 18 3,320 493 15.8% (H,S,N) 9.4-23.5 10 819,022 127 0.15 (M,S,-) 0.09-0.20 

Onc/haem 17 2,694 361 15.2% (H,S,-) 8.1-23.9 10 819,022 127 0.15 (M,S,-) 0.09-0.20 

All others 2 626 132 21.1% (L,S,-) 17.9-24.4 0 - - - - 
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CVAD = Central venous access device; CI = Confidence interval; IR = Incidence rate; PICC = Peripherally inserted central catheter; onc/haem = 

oncology or haematology; (H,S,N) etc.: first character describes heterogeneity of studies as low (L), moderate (M) or high (H) / second describes result of 

effect-size test (S = significant, N = non-significant) / third describes result of test for heterogeneity between sub-groups, where applicable (S = 

significant, N = non-significant) 
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Sensitivity analyses 

Table 2.4 describes the results of sensitivity analyses comparing pooled proportion and 

IR of CVAD failure across study methods. The majority of studies reporting CVAD 

failure were completed using retrospective methods (73.6% studies; 64.8% CVAD; 

78.9% catheter days). Overall IRs of failure were not different between prospective and 

retrospective studies. There was significant difference between study types in reported 

proportions of failure of non-tunnelled devices (prospective: 22.4%; 95% CI 20.0–25.0; 

retrospective: 8.8%; 95% CI 1.2–21.2; p = 0.046). Sensitivity analyses could not be 

undertaken for HD catheters as all included studies used retrospective study methods. 
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Table 2.4: Sensitivity analyses: Proportions and incidence rates of CVAD failure per device reported in prospective and 

retrospective studies  

CVAD type 
Study 

method 

Proportion of failure  Incidence rate of failure per 1,000 cath. days  

Studie

s 
CVAD Outcomes Pooled % 95% CI Studies 

Catheter 

days 
Outcomes 

Pooled 

incidence rate 
95% CI 

PICC Pooled 23 10,163 2,791 30.1% (H,S,N) 24.4-36.1 18 241,019 2,006 12.43 (H,S,N) 9.98-14.89 

Retrospect. 17 6,609 1,876 28.3% (H,S,-) 21.1-36.1 14 157,350 1,272 12.49 (H,S,-) 9.69-15.30 

Prospective 6 3,554 915 35.1% (H,S,-) 23.8-47.4 4 83,669 734 13.17 (H,S,-) 5.10-21.25 

Non-

tunnelled 

Pooled 2 1,126 248 16.7% (M,S,S) 6.1-30.9 0 - - - - 

Retrospect. 1 34 3 8.8% (-,S,-) 1.2-21.2 0 - - - - 

Prospective 1 1,092 245 22.4% (-,S,-) 20.0-25.0 0 - - - - 

Tunnelled Pooled 10 1,501 424 29.2% (H,S,N) 15.9-44.6 6 167,484 123 0.87 (H,S,N) 0.41-1.32 

Retrospect. 7 1,110 291 30.6% (H,S,-) 15.4-48.4 4 129,538 96 1.08 (H,S,-) 0.40-1.75 

Prospective 3 391 133 26.1% (H,S,-) 1.6-65.0 2 37,946 27 0.68 (H,S,-) 0.04-1.32 

Totally 

implanted 

Pooled 19 3,320 493 15.8% (H,S,N) 9.4-23.5 10 819,022 127 0.15 (M,S,N) 0.09-0.20 

Retrospect. 14 2,547 420 15.0% (H,S,-) 9.9-20.9 8 681,196 117 0.17 (M,S,-) 0.10-0.24 

Prospective 5 773 73 18.7% (H,S,-) 0.0-54.7 2 137,826 10 0.06 (N,S,-) 0.02-0.11 

Retrospect = retrospective; CVAD = Central venous access device; CI = Confidence interval; IR = Incidence rate; PICC = 

Peripherally inserted central catheter; (H,S,N) etc.: first character describes heterogeneity of studies as low (L), moderate  

(M) or high (H) / second describes result of effect-size test (S = significant, N = non-significant) / third describes result of 

test for heterogeneity between sub-groups, where applicable (S = significant, N = non-significant) 
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Discussion 

This study has, for the first time, carefully found, critiqued and synthesized CVAD 

failure rates, across CVAD types and paediatric populations. The results clearly show 

that failure of CVADs throughout paediatrics is a substantial and significant problem, 

with one in four failing. This is especially prevalent within the lifespan of umbilical 

catheters and PICCs. These devices have been traditionally recommended for short to 

medium term use (Loveday et al., 2014; Pittiruti et al., 2009), but the PICCs and 

umbilical catheters described within the included studies failed prior to the completion 

of therapy in 11% to 30% of cases, with a pooled incidence failure rate of 12–29 per 

1,000 catheter days. This high rate of paediatric umbilical catheter and PICC failure is 

also evident in reported rates of catheter-associated BSI, occlusion, dislodgement and 

local infection/phlebitis. There is no previous umbilical catheter meta-analysis to 

benchmark these results and only small studies included within this review. However 

our results in PICCs and recent studies by Chopra and colleagues in adults (Chopra et 

al., 2013a; Chopra, O’Horo, Rogers, Maki, & Safdar, 2013b) have demonstrated that 

PICCs are substantially more problematic than originally thought. The outcomes of 

PICCs used in clinical practice needs to be cautiously and systematically monitored. 

Clinicians should be made aware of the high rates of failure associated with their use, 

and should question whether PICCs are the suitable intravascular device for their patient 

group. Research needs to be undertaken to discover and evaluate innovative strategies to 

reduce PICC and umbilical catheter failures, through examining insertion procedures, 

securement devices and patency practices. 

Totally implanted devices were frequently associated with the lowest pooled 

incidence rate of failure and complications. These devices have previously been credited 

with improved ease of medication administration, decreased infectious risks and 
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improved patient quality of life (Fallon et al., 2013). While the insertion of totally 

implanted and other tunnelled CVAD requires the skills and resources of an experienced 

surgeon and operating theatre, fatal complications from cardiac tamponade and major 

vessel injury are rare (Askegard-Giesmann et al., 2009). It may be that due to lower 

rates of failure and complications, the cost-effectiveness of totally implanted devices is 

superior to other CVAD types for some population groups. Randomized controlled 

trials (RCTs) studying comparative clinical and cost-effectiveness of totally implanted 

devices compared to other intravascular device types in suitable populations (e.g., cystic 

fibrosis) are urgently needed. 

Given that many cases of CVAD failure and complications are thought to be 

avoidable (Loveday et al., 2014), the overall rate of CVAD failure and complication for 

children across all CVAD types appears variable, but remains unacceptably high. There 

are no current benchmarked targets for clinicians to compare their current rates of 

CVAD failure and complications, with the exception of CVAD-associated BSI in the 

ICU (Sagana & Hyzy, 2013; Worth & McLaws, 2012). Quality improvement studies 

have previously demonstrated a marked reduction in complication rates associated with 

CVAD in paediatrics and neonates, indicating that complication rates are dependent 

upon the care provided by multidisciplinary clinicians (Ardura et al., 2015; Bundy et al., 

2014; Kleidon et al., 2015). Previous international focus on the prevention of CVAD 

complications from organisations such as the World Health Organization (WHO) and 

the Centers for Disease Control and Prevention (CDC) has been solely focused on 

CVAD-associated BSI, and generally in the ICU setting. However, our data 

demonstrates that there is also a high rate of failure due to occlusion, thrombosis, 

breakage and dislodgement. The prevalence of thrombosis is likely to be higher than 

described, as some included studies relied upon clinical suspicion of thrombosis, rather 
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than routine imaging, significantly underestimating the true proportion/rate of CVAD-

related thrombosis. These mechanical complications also result in an interruption to 

necessary treatment and the insertion of new CVAD, and should be the focus of the next 

generation of multidisciplinary international CVAD campaigns for improvement.  

The subgroup analyses demonstrated the variation in CVAD failure based upon 

patient age. The variation was most evident in comparisons involving PICCs, where 

neonates had a significantly higher rate of failure (p < 0.001) than the remaining 

paediatric population, with a failure rate of 25.5 per 1,000 catheter days. PICCs are 

extensively used to provide hyperosmolar solutions, inotropic medicines and parenteral 

nutrition within the neonatal period (Tsai et al., 2011). The neonates requiring PICCs 

are often very low birth weight (smaller than 1,500 g at birth) or extremely low birth 

weight (smaller than 1,000 g at birth), and are at greatest risk for failure and its sequelae 

(Hsu et al., 2010; Ozkiraz et al., 2013). The increasing use of PICCs within the neonatal 

population requires caution and careful surveillance, and should be the focus of 

significant innovation for improvement. 

Our study has demonstrated current gaps in the breadth and quality of research 

into paediatric CVAD failure and complications. Further prospective cohort studies 

estimating the rates of failure and complications of CVAD in paediatrics are necessary 

to provide benchmarking targets and inform practice innovations. Meta-synthesis of the 

two studies reporting non-tunnelled CVAD failure reported a failure proportion of 

16.7%, however, no studies reported an estimation of catheter days. In accordance with 

previous international focus, the majority of non-tunnelled CVAD studies which 

reported CVAD complications only reported CVAD-associated BSI. The failure and 

complications associated with HD and umbilical catheters were also inadequately 

reported, with only six studies of 749 CVADs available. Considering the prevalence and 
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importance of umbilical, HD and non-tunnelled CVADs within paediatric healthcare 

management, reliable measurement of their failure and complications are essential. 

Additionally, while multiple cohort studies described the failure of PICCs and totally 

implanted devices, the majority used retrospective methods, using less reliable means of 

data collection. Future descriptions of CVAD failure need to be planned prospectively, 

use validated definitions for outcome measures, and report denominator information 

including catheter days.  

Our study results should be interpreted in the context of some limitations. Not 

all study authors were able to provide the total number of catheter days, which limited 

their data being included in the meta-analysis per 1,000 catheter days. Such time-based 

analysis is the more valid way to compare CVAD complication incidence, since the 

different dwell times typical of the CVAD types already exposes the patient to more or 

less risk of complications. Secondly, the unavoidable heterogeneity of the study 

populations in the included studies may have impacted on the generalisability of the 

results, subgroup analyses were used to reduce this problem. The levels of statistical 

heterogeneity of the final analyses are indicative of the heterogeneous group of 

paediatric patients which require CVADs. This heterogeneity needs to be recognized 

before applying the results to local individual healthcare institutions. Thirdly, while our 

review was limited to include studies up to ten years of age, many quality improvement 

activities have been instituted in paediatric facilities to prevent complications and 

failures associated with CVAD within that period. It is therefore possible that the 

pooled data may therefore overestimate the burden of device failure in 2015. Finally, 

while our study presents the association between CVAD-types and failure and 

complications, these results do not reflect causation. Without RCTs comparing the 

various CVAD types, it is impossible to assert that one CVAD type reduces 
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complications and failure in comparison to another. Future updates of this review may 

also consider the inclusion of the ‘standard care’ arm of RCTs which evaluated various 

interventions.  

Comparison with other studies 

There has not been a previous systematic review undertaken in paediatrics examining 

the failure and complications associated with different CVADs. Landmark work by 

McGee and Gould (2003) described the prevention, treatment and incidence of CVAD 

failure in the adult population. While primarily focused on describing strategies to 

prevent and treat CVAD complications, their systematic review reported an overall 

incidence of CVAD failure of greater than 15%, with mechanical complications 

reported in 5% to 19% of patients, and infectious complications in 5% to 26%. Our 

study describes a higher rate of mechanical and infectious complications which may be 

due to differing synthesis methodology and the underlying vulnerability and other 

clinical characteristics of the population studied. 

Conclusion and future research 

International healthcare institutions have highlighted the significance of CVAD failure 

associated with BSI. This systematic review has described the broader, multi-focal rate 

of CVAD failure and complications across CVAD type in paediatrics within the 

international healthcare community. Contextually, from the 82 US hospitals reporting to 

the National Healthcare Safety Network in 2013, greater than 2.7 million CVAD 

catheter days in the paediatric and neonatal population were registered (Dudeck et al., 

2015). Applying the rate of failure described in our study, 5,457 paediatric and neonatal 

CVADs in US hospitals failed prior to completion of treatment in one year alone. These 
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failures place a massive economic and physical burden on the US healthcare system, 

patients and families. 

Strategies have been developed to prevent CVAD failure by focusing on 

different aspects of infectious and mechanical complications, and their pathogenesis. 

The current rate of CVAD failure in paediatrics demonstrates that further evidence-

based improvements to their insertion and maintenance are necessary. This includes 

insertion and maintenance practices surrounding CVAD dressing and securement, 

needleless access devices, flushing procedures and CVAD materials. Research is 

required urgently to develop and apply innovative and effective solutions to prevent 

CVAD failure in this vulnerable paediatric group. 
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Chapter 3 Literature review of CVAD management 

Introduction 

This is the second literature review chapter. It contains a critique of the current evidence 

regarding strategies to prevent paediatric CVAD complications, by reviewing the 

relevant international, national, and local clinical practice guidelines. It also contains a 

review of previous practice surveys describing paediatric CVAD management. 

 In addition, this chapter comprehensively reviews CVAD dressing and 

securement through three published papers. The first is a published Cochrane systematic 

review of randomised controlled trials (RCTs) which compare the effectiveness of 

CVAD securement and dressings to prevent CVAD complications. This review 

included adults, as well as paediatrics, due to the scarcity of information specifically 

concerning paediatrics. 

 Ullman, A. J., Cooke, M. L., Mitchell, M., Lin, F., New, K., Long, D. A., 

Mihala, G., Rickard, C. M. (2015). Dressings and securement devices for central 

venous catheters (CVC). Cochrane Database Syst Rev , 9, Cd010367. doi: 

10.1002/14651858.CD010367.pub2 

 Cochrane Database of Systematic Reviews has a 2014 Impact Factor of 6.035, 

and is ranked 13 out of the 153 journals in the subject category of “Medicine, General 

and Internal” (“2014 Journal Citation Reports® Science Edition,” 2015). Since this 

manuscript has been published in late 2015, it has been cited nine times (Google 

Scholar). 

 The second publication in this chapter is an abridged version of this systematic 

review, which was published in the journal International Journal of Nursing Studies.  
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 Ullman AJ, Cooke ML, Mitchell M, Lin F, New K, Long DA, Mihala G, 

Rickard CM: Dressing and securement for central venous access devices 

(CVADs): A Cochrane systematic review. Int J Nurs Stud 2016, 59:177-196. 

 International Journal of Nursing Studies has a 2015 Impact Factor of 3.561, and 

is the top ranked journal in the subject category of “Nursing” (out of 116 journals) 

(“2015 Journal Citation Reports® Science Edition,” 2016). Since this manuscript has 

been published in early 2016, it has been cited once (Google Scholar). 

 The third paper is a published narrative review of literature pertaining to the 

function of securement and dressing products to prevent CVAD complication and 

failure. This review included adults, as well as paediatrics, due to the shortage of 

information exclusively involving paediatrics. 

 Ullman, A. J., Cooke, M., & Rickard, C. (2015). Examining the role of 

securement and dressing products to prevent central venous access device 

failure: a narrative review. J Assoc Vasc Access, 20(2), 99-110. 

 The Journal of the Association for Vascular Access (JAVA) is the official 

journal of the Association for Vascular Access, and is a multidisciplinary, peer-

reviewed scholarly journal. An audience of over 2,500 physicians, nurses, pharmacists, 

and manufacturers receive JAVA quarterly, in addition to distribution at vascular access 

conferences, and indexing on CINAHL. Since this manuscript has been published in 

2015, it has been cited once (Google Scholar). 

 Finally, the paediatric acute care considerations regarding the securement and 

dressing of CVADs are described, and the available literature to support their use is 

critiqued. 
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Current strategies to prevent CVAD complications in paediatrics 

As described in Chapter Two, complications and failure of CVADs prior to the 

completion of therapy is common. Evidence-based strategies have been developed to 

prevent CVAD complications by targeting different aspects of infective, mechanical and 

vascular complications and their pathogenesis. Strategies to prevent infective 

complications concentrate on preventing the transmission of microbes from the skin, 

infusates and the device hub (Mermel et al., 2009; O’Grady et al., 2011). Strategies to 

prevent mechanical and vascular complications centre on the prevention of CVAD 

movement out of the vessel, the minimisation of CVAD tip micro-motion within the 

vessel, and the optimisation of blood flow around the CVAD (Kornbau et al., 2015). 

Professional groups and government agencies, in partnership with clinicians and 

academics, have developed clinical practice guidelines (CPGs) to summarise and 

critique the large amount of evidence available surrounding the prevention of 

intravascular device failure from infectious, mechanical, and vascular complications. 

These will now be overviewed. 

Clinical practice guidelines for paediatric CVAD management 

Many CPGs for CVADs have been developed with the aim of providing 

recommendations to guide clinicians in hospital and other care settings, and are based 

on the best currently available evidence (Loveday et al., 2014). International CPGs are 

broad principles of best practice and need to be integrated into local practice guidelines 

(e.g., hospital policies) dependent on local resources and needs (O’Grady et al., 2011).  

In order to describe the evidence available to inform paediatric CVAD 

management, a systematic search for published CPGs of CVAD management applicable 

to paediatrics was conducted using electronic bibliographic databases of US National 

Library of Medicine National Institutes of Health (PubMed), and Cumulative Index to 

Nursing and Allied Health (CINAHL). MeSH developed for searching were “central 
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venous catheters” and “practice guideline” or “guideline”. The search was limited to 

English language and publication in the last ten years to ensure relevance. CPG 

guidelines were eligible for inclusion if they offered guidance regarding aspects of 

CVAD management to prevent associated complications, included recommendations 

applicable to paediatric patients (age < 18 years). There were no restrictions placed in 

terms of type of CVAD used, the patients’ underlying condition or healthcare setting. 

Additional guidelines were identified through searches of bibliographies.  

Figure 3.1 describes the PRISMA flowchart of study selection. After removal of 

duplicates, of the 96 records, 14 were assessed as being CPGs for paediatric CVAD 

management to prevent CVAD complication. The content and authorship of the 

included CPGs are presented in Table 3.1. 

 

  



 82 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: PRISMA flow chart of study selection
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Table 3.1: Clinical practice guidelines for paediatric CVAD management to prevent complications 

Title; reference 

 

Organisation; country of 

origin 

Scope, major recommendations for the management of CVADs to 

prevent complication  

Australian Guidelines for the 

Prevention and Control of Infection 

in Healthcare; (National Health and 

Medical Research Council in 

partnership with the Australian 

Commission on Safety and Quality 

in Healthcare, 2010) 

National Health and 

Medical Research Council 

and Australian 

Government; Australia 

Scope: Prevention of infection in healthcare facilities. 

Major recommendations: Routine hand hygiene; use of personal 

protective equipment; routine environmental cleaning; transmission-based 

precautions. 

Best Practice Guidelines in the Care 

and Maintenance of Pediatric 

Central Venous Catheters (Doellman 

et al., 2015) 

Paediatric Special Interest 

Group, Association for 

Vascular Access; USA 

Scope: Prevention of all complications for all paediatric CVAD 

Major recommendations: Standardised flushing protocols (using large 

syringe size), compatibilities of infusates, prompt removal of no longer 

necessary devices, catheter securement, skin antisepsis, hand hygiene, 

aseptic technique, Luer-lock tubing, hourly site assessment, maintenance 

bundles, catheter dressings. 

Central Line Insertion and 

Maintenance Guidelines; (Australian 

and New Zealand Intensive Care 

Society, 2012) 

Australian New Zealand 

Intensive Care Service; 

Australia and New Zealand 

Scope: Prevention of CVAD-associated bloodstream infection for non-

tunnelled CVAD in adults, children, but not neonates. 

Major recommendations: Review CVADs daily; no routine CVAD 

replacement; > 0.5% CG in 70% alcohol skin antisepsis at insertion; normal 

saline flushing; minimisation of blood sampling from CVADs; cautious use 

of negative and positive pressure needleless devices. 
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Central Venous Catheter Care for 

the Patient With Cancer: American 

Society of Clinical Oncology 

Clinical Practice Guideline; 

(Schiffer et al., 2013) 

American Society of 

Clinical Oncology; USA 

Scope: Prevention of CVAD-related infection and thrombosis for CVAD 

used for patients with cancer. 

Recommendations: CVAD clinical care bundle; routine flushing with 

normal saline; do not prophylactically use warfarin or low-molecular 

weight heparin; prompt removal of CVADs that are no longer necessary. 

Clinical guidelines on Central 

Venous Catheterisation; (Frykholm 

et al., 2014) 

Swedish Society of 

Anaesthesiology and 

Intensive Care Medicine; 

Sweden 

Scope: Prevention of all complications for CVAD. 

Major recommendations: Managed under sterile conditions; Daily total-

body disinfection with chlorhexidine gluconate may be considered if high 

CVAD-associated infections in the institution; regular site inspection; 

needleless membranes should be connected to each CVAD port; 

appropriate disinfection before each use. 

Epic3: National Evidence-Based 

Guidelines for Preventing 

Healthcare-Associated Infections in 

National Health System (NHS) 

Hospitals in England; (Loveday et 

al., 2014) 

NHS; United Kingdom Scope: Prevention of all healthcare-associated infections. 

Major recommendations: Optimise standard infection control 

precautions; thorough education of healthcare workers and patients; asepsis 

using > 0.5% chlorhexidine gluconate when possible; CVAD site care and 

no routine replacement of CVAD 

Guidelines for the use of long-term 

central venous catheter in children 

with hemato-oncological disorders; 

(Carraro et al., 2013) 

Italian Association of 

Pediatric Hematology and 

Oncology (AIEOP); Italy 

Scope: Prevention of all complications for CVADs used for children with 

haemato-oncological conditions. 

Major recommendations: Asepsis for CVAD handling; use of 

vancomycin flushing solution if high incidence of CVAD-related BSI. 

Guidelines on Parenteral Nutrition: 

central venous catheters (access, 

care, diagnosis and therapy of 

complications); (Pittiruti et al., 2009) 

European Society for 

Clinical Nutrition and 

Metabolism (ESPEN); 

multiple European 

countries 

Scope: Prevention of complications related to CVAD used for parenteral 

nutrition. 

Major recommendations: Use of nutritional pumps to prevent occlusion. 
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Guidelines for the Prevention of 

Intravascular Catheter-Related 

Infections; (O’Grady et al., 2011) 

Centers for Disease Control 

and Prevention (CDC) and 

Healthcare Infection 

Control Practices Advisory 

Committee (HICPAC); 

USA 

Scope: Prevention of all intravascular device-related infections. 

Major recommendations: Education of healthcare personnel; > 0.5% 

chlorhexidine gluconate with alcohol for antisepsis at insertion and 

dressing disruption; avoid routine replacement of CVAD, chlorhexidine 

gluconate- impregnated dressings if the rate of infection is not decreasing 

despite adherence to other strategies. 

Infusion Therapy Standards of 

Practice; 

(Infusion Nurses Society, 2016) 

Infusion Nurses Society; 

USA 

Scope: Prevention of all intravascular device-associated complications 

Major recommendations: Luer-locking mechanisms; disinfect needless 

connectors prior to use using a variety of disinfecting agents and 

techniques; stabilisation and secure CVAD sites; use a site protective 

device to reduce accidental dislodgement; frequent site assessment; 

documentation of management; flushing and locking of devices; 

administration set changes no more frequently than every 96 hours. 

Infusion Therapy Standards of 

Practice; (Intravenous Nursing New 

Zealand, 2012) 

Intravenous Nursing New 

Zealand; New Zealand 

Scope: Prevention of all complications for all intravascular devices. 

Major recommendations: Hand hygiene, routine administration set 

changes, site assessment, regular flushing with normal saline, patient and 

caregiver education; removal of no longer necessary devices. 

KHA-CARI Guideline: Vascular 

access – central venous catheters, 

arteriovenous fistulae and 

arteriovenous grafts; (Polkinghorne 

et al., 2013) 

Asian Pacific Society of 

Nephrology; Australia 

Scope: Prevention of all complications associated with CVADs used for 

haemodialysis. 

Major recommendations: Gauze or polyurethane dressings changed 

weekly; intraluminal lock solutions and topical agents at exit site. 

Locking Solutions for Hemodialysis 

Catheters; Heparin and Citrate 

(Moran & Ash, 2008) 

American Society of 

Diagnostic and 

Interventional Nephrology; 

USA 

Scope: Prevention of tunnelled, haemodialysis catheter occlusion and 

infection. 

Major recommendations: Use Heparin 100 U/ml or 4% Sodium citrate 

for lock solutions. 
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Standards, Options and 

Recommendation guidelines for the 

prevention and treatment of 

thrombosis associated with central 

venous catheters in patients with 

cancer; (Debourdeau et al., 2009) 

French National Federation 

of Cancer Centers; France 

Scope: Prevention of thrombosis for CVAD used for patients with cancer. 

Major recommendations: No routine use of systemic anticoagulants. 

BSI: Bloodstream infection; CPG: Clinical practice guidelines; CVAD: Central venous access device 
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The CPGs relevant to CVADs vary in the breadth, depth and quality of review 

and recommendations. Some guidelines focus specifically on the prevention of 

bloodstream infection for CVADs, while others are more generally directed towards 

healthcare-associated infection prevention or intravascular catheter insertion and 

management to prevent a range of complications. The majority of CVAD CPGs are 

developed by working groups comprising members from professiona l organisations 

representing the disciplines of critical care medicine, infectious diseases, healthcare 

infection control, surgery, anaesthetics, interventional radiology, pulmonary medicine, 

paediatric medicine, and nursing (O’Grady et al., 2011). Each CPG also contains a 

systematic appraisal of the quality of the available research at that time. 

Although many CPGs targeted general recommendations towards all patient 

groups, they sometimes limited the scope of individual recommendations to adult 

populations only (Debourdeau et al., 2009; Loveday et al., 2014; O’Grady et al., 2011). 

Many also focussed the majority of recommendations on CVAD selection and insertion 

procedures (Debourdeau et al., 2009; O’Grady et al., 2011; Pittiruti et al., 2009), rather 

than post-insertion care. The paediatric CVAD management recommended by CPGs 

consistently concentrated on the elements of hand hygiene, aseptic handling, 

administration set changes, site assessment, documentation, education of staff, family 

members and patients, and the removal of redundant catheters. There were 

inconsistencies between CPGs regarding type of needleless access device, antisepsis 

solutions for skin and device decontamination, flushing frequency and lock solutions. 

This is likely because of the low quality and volume of evidence on which to base these 

recommendations. 

The majority of CPGs recommend the use of sterile gauze or sterile, transparent, 

semipermeable dressing to cover the CVAD site (Frykholm et al., 2014; Infusion 
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Nurses Society, 2016; Intravenous Nursing New Zealand, 2012; O’Grady et al., 2011; 

Polkinghorne et al., 2013). These guidelines also recommended frequent assessment of 

CVAD dressing integrity, to ensure the dressings are clean, dry and intact. Most CPGs 

specifically recommend the use of sterile gauze only if the CVAD site is oozing, 

bleeding, damaged or the patient is diaphoretic (Australian and New Zealand Intensive 

Care Society, 2012; Centre for Healthcare Related Infection Surveillance and 

Prevention & Tuberculosis Control, 2013; Loveday et al., 2014; Pittiruti et al., 2009). 

CPGs generally recommend suturing of the CVAD to the surrounding tissue, however, 

there is some concern, based upon one study only (Yamamoto et al., 2002), regarding 

the association between suturing and increased risk of CVAD-associated infection 

(Australian and New Zealand Intensive Care Society, 2012; Loveday et al., 2014; 

O’Grady et al., 2011; Pittiruti et al., 2009).  

Current reported practice of paediatric CVAD management 

Despite the availability of the CPGs to guide paediatric CVAD management, 

researchers have reported the difficulty of integrating these recommendations 

consistently into practice (Douglas, Aspin, Jimmeson, & Lawrance, 2009; Harron et al., 

2011; Ullman et al., 2014). Within the last ten years there have been three published 

surveys of paediatric CVAD management practices (Douglas et al., 2009; Harron et al., 

2011; Ullman et al., 2014). These included intensive care (Harron et al., 2011; Ullman 

et al., 2014), and general paediatric and neonatal (Douglas et al., 2009) settings, and 

were completed in the United Kingdom (Douglas et al., 2009; Harron et al., 2011), and 

in Australia and New Zealand (Ullman et al., 2014).  

The surveys conducted by Douglas et al. (2009) and (Ullman et al., 2014) 

reported that CVADs were commonly dressed with a transparent, polyurethane 

dressing, but sutureless securement devices rarely used. Variation in the frequency of 
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administration set replacement for crystalloid solutions was apparent, being changed at 

intervals from every 24 hours (Harron et al., 2011) to 72 hours (Ullman et al., 2014). 

Diversity in practice was also evident when flushing CVADs, with respondents 

reporting using both heparinised and normal saline at varying frequencies (Douglas et 

al., 2009). The most common antisepsis solutions in use for insertion site 

decontamination were 0.5% CHG and 2% CHG in alcohol (Douglas et al., 2009; Harron 

et al., 2011). There was no description of the current use of CHG dressing products, 

needleless access devices, site assessment, or documentation.  

These studies involved reports of CVAD management practices by nursing 

management or administrative representatives and did not involve direct observation of 

practice. Because of these methodological limitations, the previous surveys may not be 

completely indicative of actual CVAD management. To date there has not been an 

accurate description of paediatric CVAD management to identify current practice 

inadequacies within Australia or internationally. Evidence-based CVAD management 

has been demonstrated to improve patient outcomes, including the prevention of 

CVAD-associated BSI (Berenholtz et al., 2004; Ista et al., 2016; Pronovost et al., 2006). 

An accurate description of current paediatric CVAD management is necessary in order 

inform the development of practice initiatives and educational priorities to ensure 

adherence to best practice recommendations, as well as to identify future priorities in 

research.  

The next section of the Chapter incorporates two published manuscripts (and 

one co-publication) to provide a critique of the effectiveness of CVAD dressing and 

securement, and the role of CVAD dressing and securement to prevent CVAD failure. 
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Dressing and securement devices for CVAD 
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Mihala, G., Rickard, C. M. (2016). Dressing and securement for central venous access 

devices (CVADs): A Cochrane systematic review. International Journal of Nursing 
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Abstract  

Background  

Central venous access devices (CVADs) play a vital role in the management of acute 

and chronic illness. Dressings and securement devices must ensure CVADs do not 

dislodge or fall out, provide a barrier protection from microbial colonisation and 

infection, and be comfortable for the patient. There is a large range of dressing and 

securement products available for clinicians to use. 

Objectives  

To compare the available dressing and securement devices for CVADs, in terms of 

CVAD-related bloodstream infection (BSI), CVAD tip colonisation, entry and exit site 

infection, skin colonisation, skin irritation, failed CVAD securement, dressing condition 

and mortality. 

Search methods  

In June 2015 we searched: The Cochrane Wounds Group Specialised Register; The 

Cochrane Central Register of Controlled Trials (CENTRAL); The Database of 

Abstracts of Reviews of Effects (DARE); NHS Economic Evaluation Database 

http://dx.doi.org/10.1016/j.ijnurstu.2016.04.003
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(NHSEED); Ovid MEDLINE; Ovid MEDLINE (In-Process & Other Non-Indexed 

Citations); Ovid EMBASE; EBSCO CINAHL; six clinical trial registries and reference 

lists of identified trials. There were no restrictions based on language or date of 

publication or study setting. 

Selection criteria  

We included randomised controlled trials that evaluated the effects of dressing and 

securement devices for CVADs. All types of CVADs were included, i.e., short- and 

long-term CVADs, tunnelled and non-tunnelled, port-a-caths, haemodialysis catheters, 

and peripherally inserted central catheters (PICCs). 

Data collection and analysis  

We used standard Cochrane Collaboration methods including independent review of 

titles and abstracts for relevance, data extraction, and risk of bias assessment of the 

included studies by two review authors. Results are expressed using risk ratio (RR) for 

categorical data with 95% confidence intervals (CIs). For outcomes best presented as a 

rate-per-time-period, rate ratios and standard errors have been used. We performed 

multiple treatment meta-analyses to rank the effectiveness of each intervention for each 

outcome. 

Main results  

We included 22 studies involving 7,436 participants comparing nine different types of 

securement device or dressing. All included studies were at unclear or high risk of 

performance bias due to the different appearances of the dressings and securement 

devices. The extent of blinding of outcome assessment was unclear in most studies. The 

quality of evidence varied between different comparisons and outcomes. We mainly 

downgraded the quality of evidence for imprecision, indirectness, risk of bias and 

inconsistency. 
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It is unclear whether there is a difference in the rate of catheter-related BSI 

between securement with gauze and tape and standard polyurethane (SPU) (RR 0.64, 

95% CI 0.26–1.63, low quality evidence), or between chlorhexidine gluconate (CHG)-

impregnated dressings and SPU (RR0.65, 95% CI 0.40–1.05, moderate quality 

evidence). There is high quality evidence that medication- impregnated dressings reduce 

the incidence of catheter-related BSI relative to all other dressing types (RR 0.60, 95% 

CI 0.39–0.93). 

 There is moderate quality evidence that CHG dressings reduce the frequency of 

catheter-related BSI per 1,000 patient days compared with SPU dressings (RR 0.51, 

95% CI 0.33–0.78). There is moderate quality evidence that catheter tip colonisation is 

reduced with CHG dressings compared with SPU dressings (RR 0.58, 95% CI 0.47–

0.73), but the relative effects of gauze and tape and SPU are unclear (RR 0.95, 95% CI 

0.51–1.77, very low quality evidence). It is unclear if there is a difference in rates of 

skin irritation or damage when CHG dressings are compared with SPU dressings 

(moderate quality evidence) (RR 11.17, 95% CI 0.84–149.48). 

 A multiple treatment meta-analysis found sutureless securement devices as 

likely to be the most effective at reducing the incidence of catheter-related BSI (low 

quality evidence), with CHG dressings ranked second (low quality evidence). 

Authors’ conclusions  

Medication- impregnated dressing products reduce the incidence of catheter-related BSI 

relative to all other dressing types. There is some evidence that CHG dressings, relative 

to SPU dressings, reduce catheter-related BSI for the outcomes of frequency of 

infection per 1,000 patient days, risk of catheter tip colonisation and possibly risk of 

catheter-related BSI. A multiple treatment meta-analysis found that sutureless 

securement devices are likely to be the most effective at reducing catheter-related BSI 



 95 

though this is low quality evidence. Most studies were conducted in intensive care unit 

(ICU) settings. More, high quality research is needed regarding the relative effects of 

dressing and securement products for CVADs. Future research may adjust the estimates 

of effect for the products included in this review and is needed to assess the 

effectiveness of new products. 

Background  

Description of the condition  

CVADs play an important role in the management of patients, serving as reliable 

vascular access and the site of venous pressure monitoring. They are inserted when a 

patient requires venous access over an extended period of time, and allow the 

intravenous administration of complex drug treatments, blood products and nutritional 

support without the trauma associated with repeated needle insertions (Webster, Gillies, 

O’Riordan, Sherriff, & Rickard, 2011). Although mostly used in intensive care units 

and oncology settings, CVADs are increasingly being used in other wards and 

outpatient settings. 

There are multiple types of CVADs in use throughout clinical practice. A 

CVAD can be designated by: its intended life span (e.g., temporary or short-term versus 

permanent or long-term); its site of insertion (e.g., subclavian, femoral, internal jugular 

or PICC); its pathway from skin to vessel (e.g., tunnelled versus non-tunnelled); its 

physical length (e.g., long versus short) or some other special characteristic(s) (e.g., 

impregnation with heparin or number of lumens) (O’Grady et al., 2011). More 

information regarding the variety of CVADs used in clinical practice is included in 

Table 3.2. 
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Table 3.2: Types of central venous access device (CVAD) used 

Catheter type Entry site Length 

Non-tunnelled 

CVAD 

 

Percutaneously inserted into central veins 

(subclavian, internal jugular or femoral) 

≥ 8 cm 

depending on 

patient size 

PICC 

 

Inserted into basilic, cephalic or brachial veins 

and enter the superior vena cava 

≥ 20 cm 

depending on 

patient size 

Tunnelled, 

cuffed CVAD 

 

Implanted into subclavian, internal jugular, or 

femoral veins 

≥ 8 cm 

depending on 

patient size 

Totally 

implantable 

Tunnelled beneath skin and have subcutaneous 

port accessed with a needle; implanted in 

subclavian or internal jugular vein 

≥ 8 cm 

depending on 

patient size 

Abbreviations: cm: centimetre; CVAD: Central venous access device; PICC: 

Peripherally inserted central catheter (O’Grady et al. (2011) p. 22) 

 

Owing to the invasive procedure necessary for inserting a CVAD and the 

resulting break in the skin (integument), complications such as exit-site infections and 

bloodstream infections can develop (Han, Liang, & Marschall, 2010). A serious 

complication of CVADs is CVAD-related blood stream infections (BSI), also known as 

‘catheter sepsis’. CVAD-related BSI rates are influenced by patient-related factors, such 

as severity and type of illness (e.g., full-thickness burns versus post-cardiac surgery), by 

CVAD-related factors (such as the condition under which the catheter was placed and 

catheter type), and by institutional factors (e.g., bed numbers, academic affiliation) 

(O’Grady et al., 2011). Many studies have estimated the incidence of CVAD-related 

BSI, generally reporting a range between 1 and 3.1 per 1,000 patient days (Pronovost et 

al., 2006; Schwebel et al., 2012), but rates have been shown to decrease to zero after 

interventions (Han et al., 2010). The attributable cost of catheter related BSI varies 
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between USD 3,124 and USD 60,536 per event (Raad, Hanna, & Maki, 2007; Schwebel 

et al., 2012), and is associated with an attributable mortality of 0% to 11.5% (Timsit et 

al., 2011). 

CVADs are foreign objects, and, as such, require their external component to be 

both protected adequately from microbial contamination from the surrounding 

environment and secured to the skin. Dressings and securements must ensure CVADs 

do not dislodge or fall out (or both), or move within or out of the great veins. This can 

occur via movement or pressure on the external component of the device, through 

forced removal, or ‘drag’ from infusion tubing or ‘catching’ on environmental 

structures (Naimer & Temira, 2004). Movement of the CVAD to a location outside the 

target placement can result in line failure or cardiovascular instability. In critical 

situations line failure (e.g., the interruption of inotropic support during cardiogenic 

shock) can have catastrophic consequences for the patient’s morbidity and mortality. 

Description of the intervention 

There is a plethora of CVAD dressings and securements from which clinicians may 

select. The earliest securement approach was simple tape or gauze-tape, with plastic 

film dressings becoming prominent in the 1980s. First-generation occlusive standard 

polyurethane (SPU) dressings were later developed to become semi-permeable to 

oxygen, carbon dioxide and water vapour (e.g., OpSite IV 3000®, Smith and Nephew; 

Tegaderm Plus®, 3M), as occlusive dressings trap moisture on the skin and provide an 

ideal environment for quick growth of local microflora (Frasca, Dahyot-Fizelier, & 

Mimoz, 2010). Each dressing is transparent, permitting continuous visual inspection of 

the catheter site. A recent approach to CVAD securement is the bordered polyurethane 

(BPU) dressing that retains the clear central polyurethane component of SPU dressings 
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with an added external adhesive border of foam or cloth fabric to maximise catheter 

security (e.g., Tegaderm Advanced®, 3M). 

The majority of CVAD-related BSI are caused by micro-organisms found in the 

patient’s own commensal skin flora, such as Staphylococcus epidermidis and 

Staphylococcus aureus (Timsit et al., 2011); consequently, we have seen the arrival of 

medication- impregnated dressings in recent years. The most common of these are the 

CHG dressings. These CHG dressings release CHG on the cutaneous underlying surface 

when placed over the catheter insertion site. CHG is a cationic biquanide that provides 

rapid antisepsis because of its broad spectrum of germicidal activity against most CR-

BSI-causing pathogens (Garland et al., 2001). The CHG impregnates the whole 

dressing, or is applied using an impregnated sponge (e.g., Biopatch®) and covered by a 

transparent polyurethane dressing. Other medication-impregnated dressings include 

silver-impregnated and iodine-impregnated dressings (Wille, Blusse van Oud Alblas, & 

Thewessen, 1993). The iodine-impregnated dressings release free iodine when exposed 

to wound exudate, while the silver-impregnated dressings expose the entrance site to 

silver ions, both of which have antimicrobial properties. Some researchers recommend 

the use of hydrocolloidal dressings for the dressing of CVADs. This type of dressing is 

traditionally used on open wound sites to promote moist healing as the hydrocolloid 

matrix absorbs excess moisture away from the skin surface. This reduces the likelihood 

of microbial growth (Nikoletti, Leslie, Gandossi, Coombs, & Wilson, 1999). 

Securement of the CVAD is also facilitated by mechanisms other than dressings. 

Traditionally, CVADs were routinely sutured in place, prior to a dressing being applied 

(O’Grady et al., 2011). In addition to this option, clinicians frequently reinforced the 

device security using non-commercial options including sterile strips or non-sterile tape. 

Recently, sutureless securement devices (SSD) have become available commercially. 
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These are used in addition to transparent dressings, and use a large adhesive footplate 

and an underlying pad with an device-locking clasp (e.g., StatLock®, Bard). These 

theoretically reduce movement, kinking and flow impedance, maximising catheter 

stabilisation (Yamamoto et al., 2002). 

Each of these CVAD dressing and securement types has different therapeutic 

goals and is readily available for clinicians and patients to purchase from numerous 

suppliers. The diversity of dressings and securements available to clinicians (including 

variation within each of the types discussed above) makes evidence-based decision-

making difficult in this area. With the availability of increasingly sophisticated and 

expensive CVAD dressings and securements, practitioners need to know how effective 

these dressings are compared with more traditional dressings. 

How the intervention might work  

The ideal CVAD dressing should: 

1. provide a barrier protection from colonisation and infection, preventing CVAD-

related BSI; 

2. provide adequate securement to prevent accidental removal, partial 

dislodgement and micro-motion, preventing CVAD failure; 

3. be comfortable and non-irritating for the patient; 

4. be easy to use; and 

5. be cost-effective.  

 Several studies have reported the effectiveness of interventions to reduce 

CVAD-related BSI rates, including maximal sterile precautions during insertion, skin 

antisepsis, securement devices and antimicrobial catheter coatings (Han et al., 2010; 

Levy et al., 2005; Timsit et al., 2011). The role of the CVAD dressing in preventing 

CVAD-related BSI is to provide a barrier protection, thereby preventing migration of 
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skin organisms at the insertion site into the cutaneous catheter tract—and subsequent 

colonisation of the CVAD tip—and preventing direct contamination of the CVAD by 

contact with hands and other materials (O’Grady et al., 2011). 

Why it is important to do this review  

Decreasing the incidence of CVAD-related BSI and preventing CVAD failure are 

important objectives with a significant impact on patient morbidity and mortality, yet 

there is no consensus on the optimal dressing type to use with CVADs, despite more 

than two decades of research and debate. The previous Cochrane review “Gauze and 

tape and polyurethane dressings for central venous catheter” focused on only two 

product types (Webster et al., 2011), and therefore does not adequately address the 

variety of products now available in the clinical environment. A large variety of 

dressings and types of securement are currently available for use with CVADs, as well 

as reports from many research studies that used different outcomes and comparisons. 

Objectives  

To compare the available dressings and securement devices for CVADs, in terms of 

catheter-related BSI, catheter colonisation, entry and exit-site infection, skin 

colonisation, skin irritation, failed catheter securement, dressing condition and 

mortality. 

Methods  

Criteria for considering studies for this review  

Types of studies  

We included all randomised controlled trials (RCTs) that evaluated the effects of 

CVAD dressings and securement devices for their impact on catheter-related BSI, 
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catheter colonisation, entry and exit-site infection, skin colonisation, skin irritation, 

catheter security, dressing condition or mortality, irrespective of publication status or 

language. We would have included controlled clinical trials (CCTs) only in the absence 

of RCTs. CCTs are studies in which the trial involves testing an intervention and a 

control, with concurrent enrolment and follow-up of test and control-treated groups, but 

the method of allocation is not considered to be strictly random (Lefebvre, Manheimer, 

& Glanville, 2011). We also excluded cross-over and cluster randomised trials in order 

to minimise potential bias in accordance with (Reeves, Deeks, Higgins, & Wells, 2011). 

Types of participants  

We included any person of any age requiring a CVAD in any healthcare or community 

setting. All CVADs were included, i.e., short- and long-term CVADs, tunnelled and 

non-tunnelled, port-a-caths, haemodialysis catheters, and peripherally- inserted central 

catheters (PICCs). For studies that included other types of vascular catheter, only data 

pertaining to CVADs were included. 

Types of interventions  

We included trials comparing any CVAD dressings or securements including (but not 

limited to): 

Dressings 

 Gauze and tape 

 SPU dressings: semi-permeable and highly permeable 

 Highly adhesive polyurethane dressings 

 BPU dressings 

 CHG dressings 

 Other medication-impregnated dressings 
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 Hydrocolloid dressings 

 No dressing 

Securements 

 Suture 

 SSD 

 No securement 

Types of outcome measures  

Primary outcomes  

 Incidence of CVAD-related blood stream infection (BSI): as defined by one of 

the following three criteria: 

1. Primary bacteraemia/fungaemia with at least one positive blood culture from a 

peripheral vein with no other identifiable source for the BSI other than the 

CVAD, plus, one of: a positive semiquantitative (> 15 colony-forming units 

(cfu)) or quantitative (> 103 cfu) device culture, with the same organism (species 

and antibiogram) isolated from the device and blood (Maki, Kluger, & Crnich, 

2006; O’Grady et al., 2002).  

2. Two blood cultures (one from an CVAD hub and one from a peripheral vein), 

that both meet the CVAD-related BSI criteria for quantitative blood cultures 

(three-fold greater colony count of growth for the same organism as from the 

peripheral blood), or differential time to positivity (DTP) (growth of the same 

microbe from hub drawn blood at least two hours before growth from the 

peripheral blood) (Mermel et al., 2009). 

3. Two quantitative blood cultures of samples obtained through two CVAD lumens 

in which the colony count for the blood sample drawn through one lumen is at 
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least three-fold greater than the colony count for the blood sample from the 

second lumen (Mermel et al., 2009). 

Secondary outcomes  

 Frequency of CVAD-related BSI per 1,000 patient days: CVAD-related BSI as 

previously defined. 

 Incidence of CVAD tip colonisation: positive semi-quantitative (> 15 

cfu/catheter segment) or quantitative (> 103 cfu/catheter segment) culture from a 

proximal or distal catheter segment (O’Grady et al., 2002). 

 Incidence of entry and exit site infection: as described by the trial investigator. 

 Incidence of skin/site colonisation: positive semi-quantitative (> 15 cfu) or 

quantitative (> 103 cfu) culture from the skin around the CVAD site (O’Grady et 

al., 2002). 

 Incidence of skin irritation or damage: as described by the study investigator 

using a formal assessment tool. 

 Incidence of failed CVAD securement: frequency of accidental or forced 

removal or dislocation resulting in CVAD failure. 

 Dressing condition/durability: incidence or mean score using a formal 

assessment tool. 

 Mortality from any cause. 

 Studies must have reported at least one pre-specified outcome, in accordance 

with these definitions, in order to be included in this systematic review. 
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Search methods for identification of studies  

Electronic searches  

We searched the following electronic databases to identify reports of relevant 

randomised clinical trials: 

 The Cochrane Wounds Group Specialised Register (5 June 2015); 

 The Cochrane Central Register of Controlled Trials (CENTRAL; The Cochrane 

Library 2015, Issue 6); 

 The Database of Abstracts of Reviews of Effects (DARE; The Cochrane Library 

2015, Issue 6); 

 NHS Economic Evaluation Database (The Cochrane Library 2015, Issue 6); 

 Ovid MEDLINE (1946 to June 04, 2015); 

 Ovid MEDLINE (In-Process & Other Non-Indexed Citations, June 04, 2015); 

 Ovid EMBASE (1974 to June 04, 2015); 

 EBSCO CINAHL (1982 to June 04, 2015) 

We used the following search strategy in CENTRAL: 

#1MeSH descriptor: [Catheterization, Central Venous] explode all trees (779 citations) 

#2(venous near/3 (catheter* or line*)):ti,ab,kw (1526 citations) 

#3(central near/3 (catheter* or line*)):ti,ab,kw (1408 citations) 

#4(hickman next catheter*):ti,ab,kw (33 citations) 

#5(broviac next catheter*):ti,ab,kw (9 citations 

#6(cook next catheter*):ti,ab,kw (4 citations) 

#7MeSHdescriptor: [Catheters, Indwelling] explode all trees (959 citations) 

#8(“implantable vascular access device” or IAVD or PortACath):ti,ab,kw (3 citations) 

#9(“peripherally inserted central catheter” or PICC):ti,ab,kw (68 citations) 

#10(h*emodialysis next catheter*):ti,ab,kw (111 citations) 
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#11#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 (2414 citations) 

#12MeSH descriptor: [OcclusiveDressings] explode all trees (451 citations) 

#13MeSH descriptor: [Bandages, Hydrocolloid] explode all trees (162 citations) 

#14MeSH descriptor: [Silver] explode all trees (177 citations) 

#15MeSH descriptor: [Silver Sulfadiazine] explode all trees (145 citations) 

#16MeSH descriptor: [Polyurethanes] explode all trees (373 citations) 

#17MeSH descriptor: [Iodine] explode all trees (324 citations) 

#18MeSH descriptor: [Chlorhexidine] explode all trees (1375 citations) 

#19((occlusive* or hydrocolloid* or silver* or polyurethane* or permeable or 

nonpermeable or non-permeable or transparent or chlorhexidine or iodine* or gauze or 

tape) near/3 (dressing* or sponge*)):ti,ab,kw (1184 citations) 

#20#12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 (3391 citations) 

#21#11 and #20 (203 citations) 

We adapted this strategy to search Ovid MEDLINE, Ovid EMBASE and 

EBSCO CINAHL details of these searches can be found in Appendix B. We combined 

the Ovid MEDLINE search with the Cochrane Highly Sensitive Search Strategy for 

identifying randomised trials in MEDLINE: sensitivity- and precision-maximising 

version (2008 revision) (Lefebvre et al., 2011). We combined the EMBASE search with 

the Ovid EMBASE filter developed by the UK Cochrane Centre (Lefebvre et al., 2011). 

We combined the CINAHL searches with the trial filters developed by the Scottish 

Intercollegiate Guidelines Network (Scottish Intercollegiate Guidelines Network 

(SIGN), 2012). There were no restrictions on the basis of date, study setting, language 

or publication status. 

 We also searched the following clinical trial registers: 

 Clinical Trial www.clinicaltrial.gov; 

http://www.clinicaltrial.gov/
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 Current Controlled Trials www.controlled-trials.com/mrct; 

 Hong Kong clinical trials register www.hkclinicaltrials.com; 

 Indian clinical trials registry www.ctri.in; 

 UK Clinical Trials Gateway www.controlled-trials.com/ukctr/ ; 

 the World Health Organization (WHO) search portal www.who.int/trialsearch; 

and 

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

search/search) 

Searching other resources  

We hand searched bibliographies of all retrieved and relevant publications identified by 

these strategies for further relevant studies. We contacted experts in the field to ask for 

information relevant to this review. We also contacted dressing and securement device 

manufacturers for unpublished data in order to counteract publication bias. 

Data collection and analysis 

Selection of studies  

Independently, two review authors (AU and MM) assessed titles and abstracts of 

retrieved studies for relevance. After this initial assessment, we retrieved full versions 

of all potentially eligible studies. Independently, the same two review authors checked 

the full papers for eligibility. We resolved discrepancies between review authors 

through discussion and, where required, consulted a third independent review author 

(CR). For transparency we have published a summary of the selection of studies, 

including excluded studies and reasons for exclusion, using the PRISMA flowchart 

(Liberati et al., 2009). 

http://www.controlled-trials.com/mrct
http://www.hkclinicaltrials.com/
http://www.ctri.in/
http://www.controlled-trials.com/ukctr/
http://www.who.int/trialsearch
https://www.clinicaltrialsregister.eu/ctr-search/search
https://www.clinicaltrialsregister.eu/ctr-search/search
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Data extraction and management  

We extracted details from eligible studies and summarised them using a data extraction 

sheet. Due to the large number of studies included in this review, teams of two review 

authors reviewed specific interventions including: CHG dressing studies, gauze studies, 

SSD studies, paediatric and neonatal studies, and the remaining studies. These teams 

extracted data independently, which were cross-checked for accuracy and agreed upon. 

We resolved any discrepancies though discussion and arbitration by a third review 

author, when necessary. For studies that were published in duplicate, we extracted 

maximal data from all relevant publications, but we did not duplicate data in analyses. 

When there were any data missing from the papers, we attempted to contact the trial 

authors to retrieve them. 

 We used a data extraction sheet to extract summary data from each trial. The 

data extraction sheet contained baseline characteristics of the study participants: their 

number; age; gender; disease; treatment; type of CVAD; dressing or securement, or 

both; number of dressing changes during the dwell time of the CVAD; and healthcare 

setting in which the intervention occurred. We listed each trial’s criteria for participant 

inclusion and exclusion, a description of the intervention(s), the number of people 

randomised to each intervention, and primary and secondary outcome measures. 

Assessment of risk of bias in included studies  

Each eligible study was independently assessed for methodological quality and bias 

using the Cochrane Collaboration ‘Risk of bias’ assessment tool. This tool addresses six 

specific domains, namely, sequence generation, allocation and concealment, blinding of 

participants/care providers, blinding of outcome assessors, incomplete outcome data, 

selective outcome reporting, as well as other issues that potentially may bias the study 

(Higgins, Altman, Stern, & on behalf of the Cochrane Statistical Methods Group and 
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the Cochrane Bias Methods Group, 2011). In accordance with Higgins et al. (2011), 

assessment for ‘other’ bias concerned baseline balance between treatment groups, early 

cessation of the trials and commercial sponsorship. We have completed a ‘Risk of bias’ 

table for each eligible study and outcome using the categories of ‘low’, ‘high’ or 

‘unclear’ risk of bias. The criteria for judging risk of bias assessments (i.e., categories of 

low, high or unclear) were made in accordance with recommendations in Higgins et al. 

(2011). Assessment of risk of bias is discussed within the text and the judgements are 

presented as a ‘Risk of bias’ summary graph, which summarises judgements by domain, 

and a ‘Risk of bias’ summary figure, which cross-tabulates judgements by study. 

Together these tools have been used to assess overall risk of bias, in combination with 

the Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

approach (Schunemann et al., 2011). The GRADE approach assesses the quality of 

evidence per comparison and outcome throughout five factors: risk of bias, indirectness 

of the population, interventions and outcomes, inconsistency amongst studies, 

imprecision (including information size and confidence intervals) and publication bias. 

We undertook data extraction for risk of bias from the included studies using the same 

approach explained above in Data extraction and management. We extracted and 

summarised data using a data extraction sheet. Teams of two review authors reviewed 

specific interventions, extracted data independently and cross-checked the data for 

accuracy and agreement. We resolved any discrepancies through discussion and 

arbitration by a third review author, when necessary. We contacted trial authors if data 

pertaining to risk of bias was missing, including protocol-based assessments of selective 

outcome reporting. The review authors searched trial registries, as previously described, 

to identify research protocols to enable assessment for selective outcome reporting. 
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Measures of treatment effect  

Our primary analysis involves pair-wise comparisons of treatment effect between 

dressing and securement types, using all the described outcomes. For dichotomous 

outcomes, we have calculated risk ratio (RR) plus 95% confidence intervals (CI). For 

the outcome best presented as a rate-per-time-period (i.e., catheter-related BSI per 1,000 

patient days), we have used rate ratios (RaR) and standard errors (SE) to inform inverse-

variance analysis. This analysis required the provision of patient days per intervention 

group. As CVADs are inserted for variable durations, the rate of catheter-related BSI 

per 1,000 patient days was used to describe the variable frequency of catheter-related 

BSI across the catheter duration between the CVAD securement and dressing options. A 

meta-analysis was undertaken if more than one study used the same intervention and 

reported the same outcome. 

 In addition to the main pair-wise analysis described above, in order to inform 

clinical decision-making we planned to undertake pair-wise comparisons using the 

‘clustering’ of interventions on the basis of patient treatment goals and outcomes. These 

clustering comparisons were done because of the heterogeneity of populations that use 

CVADs, and the way their goals for treatment differ. In order to minimise bias, these 

clustering comparisons were identified prior to undertaking the analyses. We planned to 

compare the following: 

CVAD- related BSI 

 Medication- impregnated dressings (CHG, povidone-iodine and silver-

impregnated) versus non-impregnated dressings (SPU, BPU, gauze and tape, 

hydrocolloidal, none) 

 CHG dressings versus all other medication- impregnated dressings (povidone-

iodine, silver) 
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 Silver-impregnated dressings versus all other medication- impregnated dressings 

(povidone-iodine, CHG) 

 Povidone-iodine impregnated dressings versus all other medication- impregnated 

dressings 

 Gauze and tape versus SPU and BPU. 

Incidence of skin irritation or damage 

 Hydrocolloidal dressing versus all other 

 Gauze and tape versus SPU and BPU 

 CHG versus SPU and BPU. 

Failed CVAD securement 

 BPU versus all non-bordered dressings (SPU, hydrocolloidal). 

 SSD versus all other dressing types. 

 No dressing versus all other dressing types. 

Unit of analysis issues  

The majority of the included RCTs randomized participants and not their CVADs. Two 

studies (Carrer et al., 2005; Chambers et al., 2005) recruited participants multiple times 

for multiple CVADs. Cross-over and cluster-randomized trials were not included.  

Carrer et al. (2005) recruited 82 participants with 107 CVADs; Chambers et al. (2005) 

recruited 95 participants with 114 CVADs. These studies falsely assumed independence 

of the CVADs, which provides a potential risk of bias. For the current review, attempts 

were made to contact the study authors in order to obtain the results for one CVAD per 

participant, but these data were not available. For these studies, data involving CVADs 

as the unit of analysis were included. Future updates of this review will incorporate 

studies that used CVADs as the unit of analysis, rather than participants, in a sensitivity 

analysis to examine for potential risk of bias. 
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 In accordance with Higgins et al. (2011), for included studies that involved the 

comparison of multiple interventions using a single control, we split the ‘shared’ control 

group to avoid additional unit of analysis issues. We did this to distribute the 

appropriate study weight and maintain independent comparisons fairly. 

Dealing with missing data  

When there was evidence of missing data, attempts were made to contact the study 

authors to request the missing information. When after several attempts to contact the 

author the missing data were not provided we analysed the available data only. We 

emailed the authors of ten included studies to ask for further information and 

clarification of key aspects of their study methods and results. Study authors from seven 

of the ten trials responded (de Barros et al., 2009; Levy et al., 2005; Nikoletti et al., 

1999; Olson et al., 2004; Shivnan et al., 1991; Timsit, Schwebel, Bouadma, & al., 2009; 

Timsit et al., 2012b), with four authors able to provide all information required (de 

Barros et al., 2009; Levy et al., 2005; Timsit et al., 2009; Timsit et al., 2012b). We have 

also addressed the potential impact of the missing data on the findings of the review in 

the Discussion.  

 Loss to follow-up and attrition data were adequate and well described by ten 

studies (Arvanati et al., 2012; Brandt, DePalma, Irwin, Shogan, & Lucke, 1996; 

Chambers et al., 2005; Garland et al., 2001; Giles, Aksoy, & Tezelman, 2002; Pedrolo, 

Danski, Mingorance, De Lazzari, & Johann, 2011; Ruschulte et al., 2009; Shivnan et al., 

1991; Timsit et al., 2009; Timsit et al., 2012b). Five studies had high levels of attrition 

and loss to follow-up (Carrer et al., 2005; Conly, Grieves, & Peters, 1989; Le Corre, 

Delorme, & Cournoyer, 2003; Levy et al., 2005; Nikoletti et al., 1999). The remaining 

seven studies provided inadequate information regarding loss to follow-up and attrition 

for us to assess for bias (de Barros et al., 2009; Hagerstrom, Matthiesen, & Thuessen, 
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1994; Hill, Baldwin, Slaughter, Walsh, & Weitkamp, 2010; Olson et al., 2004; Roberts 

& Cheung, 1998; Wille et al., 1993; Yamamoto et al., 2002).  

Assessment of heterogeneity  

A random-effects model was used for data synthesis because of predicted clinical 

heterogeneity. We have considered clinical, methodological and statistical heterogeneity 

and undertook an assessment of comparability of the studies prior to meta-analysis. We 

investigated the degree of statistical heterogeneity, that is, variation between the true 

intervention effects underlying the different studies, by a combination of methods. This 

involved visual inspection of the meta-analytic model and interpretation of the Chi2 and 

I2 statistics that examine the total variance across studies due to heterogeneity rather 

than chance (Higgins, Thompson, Deeks, & Altman, 2003).  

Assessment of reporting biases  

We have reported each outcome separately. We have used funnel plots to assess 

reporting biases for the main analysis (Egger, Davey Smith, Schneider, & Minder, 

1997). Any asymmetry of the funnel plot may indicate possible publication bias.  

Data synthesis  

Initially we conducted a structured narrative summary of the studies included in the 

review. We entered quantitative data into Review Manager (RevMan) 5.3 and analysed 

them using RevMan analysis software. We pooled data for meta-analysis using RevMan 

5.3, and used a random-effects model because of the clinical heterogeneity. 

Multiple treatments meta-analysis (MTM) 

Due to the number of treatment options available for CVAD securement and dressing, a 

‘multiple-treatments meta-analysis’ has been undertaken in order to assist clinicians in 
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making meaningful-decisions (Higgins et al., 2011; Salanti, Higgins, Ades, & Ioannidis, 

2008). These analyses provide a ‘ranking’ of each intervention for example by the 

probability of each intervention being the best in terms of a particular outcome. 

MTM data synthesis 

Calculation of log risk ratios and their standard errors was repeated in Stata (StataCorp, 

2014). The log rate ratios and their standard errors were calculated in Stata (using the 

‘network setup’ command; (White, Barrett, Jackson, & Higgins, 2012b)). Values of 

zero incidences were replaced with 0.1 for MTM. 

MTM quality and inconsistency assessments 

Risk of bias assessment within the MTM analyses was undertaken following the 

principles of the GRADE approach (Schunemann et al., 2011) across the domains of 

risk of bias, indirectness, inconsistency and imprecision. Network diagrams were 

developed to display the network of interventions using nodes and edges. Nodes 

represented the competing treatments; the size of the shapes drawn over the nodes was 

proportionate to the number of studies where that intervention was evaluated. The edges 

represented the available direct comparisons between pairs of treatments; the thickness 

of the edges is weighted by the total number of devices/patients randomised in that 

comparison; colour indicated average level of study limitation due to bias (green = low, 

yellow = moderate, red = high) (Chaimani, Higgins, Mavridis, Spyridonos, & Salanti, 

2013). Contributions matrices (not presented) were used to identify the most influential 

comparisons for the network, and to evaluate the quality of evidence for the ranking of 

treatments. Based on the bias level (shown with coloured edges on the network plot) of 

the most influential comparisons, a decision was made to downgrade the overall 
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confidence (in the overall ranking of interventions) for reasons of study limitations, or 

not to downgrade (Salanti et al., 2008). 

 Indirectness due to differences between study populations, interventions and 

outcome measures resulting in a lack of transitivity was also assessed, resulting in 

further downgrading of confidence where necessary (Salanti et al., 2008). Inconsistency 

refers to a disagreement between direct and indirect evidence, and overall confidence in 

the ranking of interventions was downgraded if there was evidence of inconsistency 

and/or the overall (common) heterogeneity was moderate / high. Inconsistency was 

assessed with ‘ifplot’ in Stata, and was evident at p < 0.05. If the mean RoR is large 

(e.g., > 2), this indicated possible inconsistency even if p > 0.05 (Chaimani et al., 2013). 

A common heterogeneity was used for all comparisons within each loop. The level of 

common heterogeneity was considered low at τ2 < 0.045 and high at τ 2 > 1.14 (Salanti 

et al., 2008), except at networks without loops. In this case the I2 statistic was calculated 

and assessed for intervention pairs (with direct evidence and more than one study) as 

low (< 25%), moderate (25–75%) or high (> 75%). Rankings (by probabilities of being 

the best intervention) were produced using ‘network rank’ in Stata after running the 

consistency model (‘network meta c’ in Stata; White 2012). Confidence in the overall 

ranking was considered initially as ‘high’, and then later downgraded to ‘moderate’, 

‘low’ and ‘very low’ as required. 

Subgroup analysis and investigation of heterogeneity  

We planned the following subgroup analyses for the primary outcomes, but were unable 

to complete them due to insufficient data within each pair-wise comparison.  

 Adult participants versus paediatric participants versus neonatal participants. 

 Participants diagnosed with haematology/oncology conditions versus other 

participants. 



 115 

 CVAD type (tunnelled versus non-tunnelled, short-term versus long-term, 

dialysis versus non-dialysis, PICC versus centrally-inserted CVAD). 

 Participants receiving the intervention in an acute versus a community setting. 

 Participants receiving lipid and parenteral nutrition (PN) versus patients not 

receiving lipid and PN. 

Sensitivity analysis  

We planned to perform a sensitivity analysis by excluding studies as indicated by the 

results of the final meta-analysis. This would have involved the exclusion of the studies 

of the lowest quality. We planned to only included studies that were assessed as having 

a low risk of bias in all key domains, namely adequate generation of the randomisation 

sequence, adequate allocation concealment, and blinding of outcome assessor, for the 

estimates of treatment effect. We were unable to perform the analyses on CVAD-related 

BSI, as we were not able to delineate the risk of bias within the included studies due to 

incomplete information. There were insufficient studies in the other comparisons to 

permit a meaningful analysis on the remaining intervention comparisons. 

Results  

Description of studies: Results of the search  

The results of the search and selection of studies are summarised in the PRISMA study 

flow diagram (Figure 3.2). The search of electronic bibliographic databases identified 

415 records, 69 of which were duplicates. Searches of clinical trial registries did not 

identify additional studies, but the handsearching of bibliographies identified three 

studies for potential inclusion. Of the 349 titles screened, 305 were excluded. We 

screened 44 full-text articles for potential inclusion, and excluded 21, listing the reasons 

for their exclusion in the Characteristics of excluded studies tables (see Appendix C). 
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We identified four studies which we have not yet retrieved in full text or are awaiting 

information from the trial authors (Broadhurst, 2015; Calvino et al., 2014; Gu, Yuan, 

Hu, & Gong, 2014; Pedrolo, Danski, & Vayego, 2014).  

Included studies  

The 22 included studies, with a total of 7,436 participants, are described in 

Characteristics of included studies (see Appendix D). The studies were RCTs conducted 

in 25 countries, including the USA (five studies), Canada (three studies), France and 

Australia (two studies each), Greece, Italy, New Zealand, Spain, Turkey, Sweden, 

Israel, Brazil, Germany and the Netherlands (one study each). 
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Figure 3.2: Study flow diagram 

Population and setting 

Studies were undertaken in Intensive Care Units (ICUs) (Arvanati et al., 2012; Carrer et 

al., 2005; Garland et al., 2001; Hill et al., 2010; Levy et al., 2005; Nikoletti et al., 1999; 

Pedrolo et al., 2011; Roberts & Cheung, 1998; Timsit et al., 2009; Timsit et al., 2012b), 
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oncology and haematology units (Chambers et al., 2005; Olson et al., 2004; Ruschulte 

et al., 2009; Shivnan et al., 1991), including bone marrow transplantation (BMT) units 

(Brandt et al., 1996), haemodialysis centres (de Barros et al., 2009; Hagerstrom et al., 

1994; Le Corre et al., 2003), general surgical units (Giles et al., 2002; Wille et al., 1993; 

Yamamoto et al., 2002) and throughout the hospital (Conly et al., 1989). One study (Le 

Corre et al., 2003) continued to study participants after discharge from acute care. 

 Eleven studies restricted participation to adults (Arvanati et al., 2012; Brandt et 

al., 1996; Chambers et al., 2005; Le Corre et al., 2003; Nikoletti et al., 1999; Olson et 

al., 2004; Pedrolo et al., 2011; Timsit et al., 2009; Timsit et al., 2012b; Wille et al., 

1993; Yamamoto et al., 2002); one study to paediatric participants (Levy et al., 2005); 

two studies to neonates (Garland et al., 2001; Hill et al., 2010); while two studies had a 

combination adults and children (Conly et al., 1989; Shivnan et al., 1991). The age of 

participants was not described in six studies (Carrer et al., 2005; de Barros et al., 2009; 

Giles et al., 2002; Hagerstrom et al., 1994; Roberts & Cheung, 1998; Ruschulte et al., 

2009). 

 The types of CVADs studied were restricted to tunnelled CVAD in four studies 

(Brandt et al., 1996; Chambers et al., 2005; Hagerstrom et al., 1994; Le Corre et al., 

2003), non-tunnelled, percutaneous CVAD in six studies (Carrer et al., 2005; Levy et 

al., 2005; Nikoletti et al., 1999; Pedrolo et al., 2011; Roberts & Cheung, 1998; 

Ruschulte et al., 2009), peripherally inserted central catheters (PICCs) in two studies 

(Hill et al., 2010; Yamamoto et al., 2002), and a combination of CVAD types in four 

studies (Conly et al., 1989; Garland et al., 2001; Timsit et al., 2009; Timsit et al., 

2012b). The type of CVAD was not described in six studies (Arvanati et al., 2012; de 

Barros et al., 2009; Giles et al., 2002; Olson et al., 2004; Shivnan et al., 1991; Wille et 

al., 1993). 
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Interventions and comparisons 

As expected, the studies included many different interventions and comparisons. 

Researchers compared: 

 sterile gauze with SPU in nine studies (Brandt et al., 1996; Carrer et al., 2005; 

Conly et al., 1989; de Barros et al., 2009; Giles et al., 2002; Hagerstrom et al., 

1994; Le Corre et al., 2003; Pedrolo et al., 2011; Shivnan et al., 1991); 

 SPU and CHG dressings in six studies (Arvanati et al., 2012; Garland et al., 

2001; Levy et al., 2005; Roberts & Cheung, 1998; Ruschulte et al., 2009; Timsit 

et al., 2009); 

 SPU and silver- impregnated dressings in one study (Hill et al., 2010); 

 SPU and hydrocolloidal dressing in one study (Nikoletti et al., 1999); 

 second generation gaseous permeability SPU with first generation SPU (old 

generation SPU) in one study (Wille et al., 1993); 

 SPU, highly adhesive transparent dressings with CHG dressings in one study 

(Timsit et al., 2012b) 

 SPU and SSD in one study (Yamamoto et al., 2002); 

 sterile gauze with no dressing in one study (Olson et al., 2004); and 

 CHG with no dressing in one study (Chambers et al., 2005). 

Outcomes 

There was variability in the reporting of outcomes. Our primary outcome of CVAD-

related BSI was reported by 17 studies (Arvanati et al., 2012; Brandt et al., 1996; 

Chambers et al., 2005; Conly et al., 1989; de Barros et al., 2009; Garland et al., 2001; 

Giles et al., 2002; Hagerstrom et al., 1994; Le Corre et al., 2003; Olson et al., 2004; 

Pedrolo et al., 2011; Ruschulte et al., 2009; Shivnan et al., 1991; Timsit et al., 2009; 

Timsit et al., 2012b; Wille et al., 1993; Yamamoto et al., 2002). Each of these studies 
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defined the outcome of CVAD-related BSI in accordance with the definition of our 

review. Several other studies reported CVAD infection or sepsis, but did not meet the 

definition as described in our protocol; these studies are described in Appendix E: 

Characteristics of excluded studies.  

 Eight studies reported the patient day information required for our secondary 

outcome of ‘frequency of CVAD-related BSI per 1,000 patient days’ (Arvanati et al., 

2012; Chambers et al., 2005; Le Corre et al., 2003; Ruschulte et al., 2009; Timsit et al., 

2009; Timsit et al., 2012b; Wille et al., 1993; Yamamoto et al., 2002). We attempted to 

contact the remaining eight study authors, one provided patient day information (de 

Barros et al., 2009), two were unable to locate the data (Olson et al., 2004; Shivnan et 

al., 1991), two did not respond (Garland et al., 2001; Pedrolo et al., 2011) and contact 

information could not be found for the remaining three (Brandt et al., 1996; Giles et al., 

2002; Hagerstrom et al., 1994). 

 The remaining secondary outcomes were reported inconsistently. Twelve studies 

(Arvanati et al., 2012; Carrer et al., 2005; Conly et al., 1989; de Barros et al., 2009; 

Garland et al., 2001; Giles et al., 2002; Levy et al., 2005; Nikoletti et al., 1999; Pedrolo 

et al., 2011; Roberts & Cheung, 1998; Timsit et al., 2009; Timsit et al., 2012b) reported 

the incidence of CVAD tip colonisation as per our protocol definitions. Two studies 

reported the incidence of skin or site colonisation as per our protocol definitions (Giles 

et al., 2002; Shivnan et al., 1991). The incidence of entry and exit site infection was 

reported by four studies (Brandt et al., 1996; Chambers et al., 2005; Roberts & Cheung, 

1998; Shivnan et al., 1991), skin irritation or damage was reported by five studies 

(Garland et al., 2001; Hill et al., 2010; Levy et al., 2005; Pedrolo et al., 2011; 

Yamamoto et al., 2002); incidence of failed CVAD security by four studies (Arvanati et 

al., 2012; Brandt et al., 1996; de Barros et al., 2009; Yamamoto et al., 2002) and 
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mortality from any cause by four studies (Arvanati et al., 2012; Chambers et al., 2005; 

Hill et al., 2010; Pedrolo et al., 2011). The incidence of dressing durability or condition 

was assessed using an a priori definition by one study (Pedrolo et al., 2011), however no 

studies reported a mean score for dressing condition or durability using a formal 

assessment tool. 

 Due to the small number of studies that reported each outcome, clustering 

comparisons were only undertaken for catheter-related BSI, and medication-

impregnated dressings (CHG, povidone-iodine and silver-impregnated) versus non-

impregnated dressings (SPU, BPU, gauze and tape, hydrocolloid). 

Excluded studies  

We excluded 21 studies for the following reasons. 

1. Study design: the studies were clinical controlled studies, with sequential 

assignment rather than randomised allocation (two studies). 

2. Population: arterial and CVAD recruited to the studies, outcomes reported 

together. Study authors contacted, but they were unable to provide separated 

results (two studies). 

3. Confounding interventions: the study involved the application of specific 

dosages of skin antiseptics and administration set changes at different intervals 

that may have had a significant impact on the outcome results (one study).  

4. Outcome definition: outcomes used in the study did not meet our outcome 

definitions (16 studies). 

5. Inadequate data for extraction: the data were not provided in a way that allowed 

meaningful extraction, and we were unable to contact study authors (one study). 

 A description of each study is available in the Appendix C: Characteristics of 

excluded studies (Crawford, Fuhr, & Rao, 2004; Davidson, 1986; Freiberger, Bryant, & 
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Marino, 1992; George, Singh, & Deepshikha, 2011; Keenlyside, 1991, 1993; Khattak, 

Ross, Ngo, & Shoemaker, 2010; Lawson et al., 1986; Little & Palmer, 1998; Lucas & 

Attard-Montalto, 1996; Madeo, Martin, Turner, Kirkby, & Thompson, 1998; Maki & 

Wili, 1984; Maki et al., 2000; Neufeld, 1991; Olson, Heilman, & Vascular Access Team 

of Abbott Northwestern Hospital, 2008; Petrosino, Becker, & Christian, 1988; Powell, 

Regan, Fabri, & Ruberg, 1982; Powell, Traetow, Fabri, Kudsk, & Ruberg, 1985; 

Reynolds, Tebbs, & Elliott, 1997; Schwebel et al., 2012; Timsit et al., 2010).  

Risk of bias in included studies  

Figure 3.3 shows that there is no evidence of funnel plot asymmetry to indicate potential 

reporting bias in the included studies. We judged that the majority of the studies had an 

unclear risk of bias for most criteria; Figure 3.4 presents the overall risk of bias. The 

characteristics of individual studies are summarised in the Characteristics of included 

studies tables (see Appendix D). We did not downgrade the quality of the evidence for 

unclear risk of bias. 
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Figure 3.3: Funnel plot of comparison: CVAD-related bloodstream infection 
SPU = Standard Polyurethane; CGI = CHG-impregnated 
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Figure 3.4: Risk of bias summary: review authors’ judgements about each of the risk of 

bias item for each included study 
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Allocation (selection bias)  

Nine of the 22 included studies described an adequate method of sequence generation 

(Arvanati et al., 2012; Garland et al., 2001; Le Corre et al., 2003; Levy et al., 2005; 

Nikoletti et al., 1999; Olson et al., 2004; Timsit et al., 2009; Timsit et al., 2012b; 

Yamamoto et al., 2002). An adequate method of allocation concealment was reported in 

only two of the studies (Garland et al., 2001; Yamamoto et al., 2002). 

Blinding (performance bias and detection bias)  

No study blinded personnel or participants, as this is not achievable due to the visibility 

of the intervention. Only six studies blinded the outcome assessor (Arvanati et al., 2012; 

de Barros et al., 2009; Nikoletti et al., 1999; Ruschulte et al., 2009; Timsit et al., 2009; 

Timsit et al., 2012b).  

Incomplete outcome data (attrition bias)  

Five studies provided incomplete outcome data with high percentages of undescribed 

attrition and loss-to-follow up (Carrer et al., 2005; Conly et al., 1989; Le Corre et al., 

2003; Levy et al., 2005; Roberts & Cheung, 1998). Seven studies reported complete 

outcome data (Arvanati et al., 2012; Giles et al., 2002; Hill et al., 2010; Pedrolo et al., 

2011; Ruschulte et al., 2009; Timsit et al., 2009; Timsit et al., 2012b). 

Selective reporting (reporting bias)  

Protocols were available for two studies that had been registered in clinical trial 

registries (Timsit et al., 2009; Timsit et al., 2012b). Five studies did not provide some of 

their outcomes per interventional group (Carrer et al., 2005; Chambers et al., 2005; 

Conly et al., 1989; Olson et al., 2004; Roberts & Cheung, 1998). 
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Other potential sources of bias  

Five of the studies were sponsored by product manufacturers (Garland et al., 2001; 

Shivnan et al., 1991; Timsit et al., 2012b; Wille et al., 1993; Yamamoto et al., 2002). 

Three studies described systematic differences between the intervention and control 

groups at baseline (Arvanati et al., 2012; Conly et al., 1989; Hill et al., 2010), while 

three studies provided no participant baseline data, only CVAD information 

(Hagerstrom et al., 1994; Pedrolo et al., 2011; Wille et al., 1993). The majority of the 

included RCTs randomised participants and not their CVADs. Two studies recruited 

participants multiple times for multiple CVADs (Carrer et al., 2005; Chambers et al., 

2005). One study stopped early for unknown reasons (Olson et al., 2004). 

Effects of interventions  

The main results are displayed in Table 3.2, describing the pairwise meta-analytic 

comparisons of the CVAD dressing and securement devices. Summary of findings 

tables have also been provided in Appendices E, F and G. 
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Table 3.3: Meta-analyses for CVAD dressing and securement devices across primary 

and secondary outcomes 

Outcome or subgroup title No. of 

studies 

No. of 

partic-

ipants 

Statistical method Effect size 

1. CVAD-related bloodstream infection 

Gauze and tape versus SPU 8 506 Risk Ratio (M-H, 

Random, 95% CI) 

0.64 [0.26, 1.63] 

CHG versus SPU 5 4876 Risk Ratio (M-H, 

Random, 95% CI) 

0.65 [0.40, 1.05] 

Medication- impregnated 

dressings versus all others 

6 5687 Risk Ratio (M-H, 

Random, 95% CI) 

0.60 [0.39, 0.93] 

2. Frequency of CVAD-related bloodstream infection per 1,000 patient days 

Gauze and tape versus SPU 2  Rate Ratio 

(Random, 95% CI) 

0.71 [0.20, 2.52] 

CHG versus SPU 4  Rate Ratio 

(Random, 95% CI) 

0.51 [0.33, 0.78] 

3. Catheter tip colonisation 

Gauze and tape versus SPU 5 342 Risk Ratio (M-H, 

Random, 95% CI) 

0.95 [0.51, 1.77] 

CHG versus SPU 6 4431 Risk Ratio (M-H, 

Random, 95% CI) 

0.58 [0.47, 0.73] 

4. Entry and exit-site infection 

Gauze and tape versus SPU 2 199 Risk Ratio (M-H, 

Random, 95% CI) 

0.84 [0.34, 2.07] 

5. Skin / site colonisation 

Gauze and tape versus SPU 2 170 Risk Ratio (M-H, 

Random, 95% CI) 

0.86 [0.30, 2.51] 

6. Skin irritation or damage 

CHG versus SPU 2 850 Risk Ratio (M-H, 

Random, 95% CI) 

11.17 [0.84, 

149.48] 

7. Failed catheter securement 

Gauze and tape versus SPU 2 167 Risk Ratio (M-H, 

Random, 95% CI) 

0.90 [0.33, 2.49] 

CHG = Chlorhexidine gluconate impregnated; CI = Confidence interval; CVAD = Central 

venous access device; MH = Mantel–Haenszel; SPU = Simple polyurethane 
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Incidence of CVAD-related bloodstream infection (BSI) 

Figure 3.5 displays the results of the meta-analysis for CVAD-related BSI for the pair 

wise comparisons. 

 

Figure 3.5: Primary analysis: CVAD-related bloodstream infection (BSI) 

Gauze and tape compared with standard polyurethane (SPU) dressings (eight 

trials, 506 participants) 

Eight studies in adult bone marrow transplantation units (101), haemodialysis (138), 

gastroenterological (72), adult ICU (21), paediatric and adult oncology (98) and general 

ward (76) settings reported this intervention and outcome, with 28 participants out of a 

file:///C:/Users/s2738073/AppData/Roaming/Microsoft/Word/05
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total of 506 developing a CVAD-related BSI (Brandt et al., 1996; Conly et al., 1989; de 

Barros et al., 2009; Giles et al., 2002; Hagerstrom et al., 1994; Le Corre et al., 2003; 

Pedrolo et al., 2011; Shivnan et al., 1991). There was no clear difference between gauze 

and tape and SPU dressings on the incidence of catheter-related BSI (RR 0.64, 95% CI 

0.26–1.63). Low quality evidence (downgraded for inconsistency and imprecision). 

Statistical heterogeneity was low but point estimates cross the line (Chi² 6.82; P value 

0.34; I² 12%).  

Gauze and tape compared with no dressings (one trial, 78 participants) 

One small study in an adult oncology setting (Olson et al., 2004) reported on the effect 

of gauze and tape compared with no dressings and found no clear difference in the 

incidence of CVAD-related BSI (RR 1.47, 95% CI 0.72–3.00), however this study was 

too small to detect a difference should it exist. Low quality evidence (downgraded for 

risk of bias and imprecision)  

SPU dressings compared with old generation SPU dressings (one trial, 101 

participants) 

One small study in an adult surgical setting (Wille et al., 1993) found clear difference in 

the incidence of CVAD-related BSI between SPU dressings and “old generation” SPU 

dressings (RR 0.33, 95% CI 0.04–3.04), however because this study was so small we 

cannot be confident that a difference does not exist. Low quality evidence (downgraded 

for imprecision) 
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Highly adhesive transparent dressing compared with SPU dressings (one trial, 

982 participants) 

One study in an adult ICU setting (Timsit et al., 2012b) found no clear difference in 

CVAD-related BSI between a highly adhesive transparent dressing and SPU dressings 

(RR 0.60, 95% CI 0.20–1.77). Moderate quality evidence (downgraded for imprecision) 

Chlorhexidine gluconate (CHG)-impregnated dressings compared with SPU 

dressing (five trials, 4876 participants) 

We pooled five trials (Arvanati et al., 2012; Garland et al., 2001; Ruschulte et al., 2009; 

Timsit et al., 2009; Timsit et al., 2012b) comparing CHG with SPU dressings. It is 

unclear whether CHG dressings reduce the risk of CVAD-related BSI compared with 

SPU dressings as although there was a reduction in risk of catheter-related BSI this did 

not reach traditional levels of statistical significance (p = 0.08) (RR 0.65, 95%, CI 0.40 

to 1.05) (moderate quality evidence, downgraded for imprecision). Five studies in adult 

ICU (3620), neonatal ICU (705) and adult haematology/oncology (601) units/wards 

reported this intervention and outcome, with 106 participants out of 4876 developing a 

CVAD-related BSI. Statistical heterogeneity was low (Chi² 5.38; P value 0.25; I² 26%).  

CHG dressing compared with highly adhesive transparent dressing (one trial, 

1453 participants) 

One study (adult ICU) found no clear difference in the incidence of CVAD-related BSI 

(Timsit et al., 2012b) between CHG dressings and a highly adhesive transparent 

dressing (RR 0.48, 95% CI 0.14–1.66). Moderate quality evidence (downgraded for 

imprecision) 
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SPU dressings compared with hydrocolloid dressings (one trial, 128 

participants) 

There were fewer cases of CVAD-related BSI with SPU dressings than hydrocolloid 

dressings in a single study in adult ICU (Nikoletti et al., 1999) (RR 0.53, 95% CI 0.29–

0.97). Moderate quality evidence (downgraded for imprecision) 

SPU dressings compared with sutureless securement devices (one trial, 170 

participants) 

There were fewer cases of CVAD-related BSI with SPU than sutureless securement 

devices in a single study in adult general acute and home care settings (Yamamoto et 

al., 2002) (RR 8.00, 95% CI 1.02–62.58, P value 0.05). Low quality 

evidence (downgraded for risk of bias and imprecision) 

CHG dressing compared with no dressing (one trial, 112 participants) 

There was no clear difference in the incidence of CVAD-related BSI between CHG 

dressings and no dressing in one small study (RR 0.27, 95% CI 0.06–1.22). This study 

was based in an adult haematology setting (Chambers et al., 2005). Moderate quality 

evidence (downgraded for imprecision) 

Medication-impregnated dressings compared with all others (six trials, 5687 

participants) 

Six studies from adult ICU (4269), neonatal ICU (705) and adult haematology/oncology 

(713) settings reported this intervention and outcome; 124 participants out of a total of 

5687 developed a CVAD-related BSI (Arvanati et al., 2012; Chambers et al., 2005; 

Garland et al., 2001; Ruschulte et al., 2009; Timsit et al., 2009; Timsit et al., 2012b). 

There was high quality evidence that medication- impregnated dressings reduce the risk 



 132 

of CVAD-related BSI compared with all other dressings (RR 0.60, 95% CI 0.39–0.93; P 

value 0.02). Statistical heterogeneity was low (Chi² 6.21; P value 0.29; I² 19%).  

Frequency of CVAD-related bloodstream infection per 1,000 patient days 

Table 3.3 and Figure 3.6 present the results of the meta-analysis for CVAD-related BSI 

per 1,000 patient days for the pair-wise comparisons. 

 

Figure 3.6: Primary analysis: Frequency of CVAD-related bloodstream infections per 

1,000 patient days 

Gauze and tape compared with SPU dressings (two trials, 8,538 patient days) 

Two studies in haemodialysis settings reported this intervention and outcome, with 10 

participants out of a total of 8,538 patient days developing a CVAD-related BSI (de 

Barros et al., 2009; Le Corre et al., 2003). There was no clear evidence of a difference 

in the frequency of CVAD -related BSI per 1,000 patient days when gauze and tape was 

compared with SPU dressing (RR 0.71, 95% CI 0.20–2.52). Statistical heterogeneity 

was low (Chi² 0.37; P value 0.54; I² 0%). Moderate quality evidence (downgraded for 

imprecision) 
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SPU compared with old generation SPU (one trial, 780 patient days) 

There was no clear difference in the frequency of CVAD-related BSI per 1,000 patient 

days in a single study in an adult surgical setting (Wille et al., 1993) when SPU was 

compared with old generation SPU (RR 0.35, 95% CI 0.01–18.61). Moderate quality 

evidence (downgraded for imprecision) 

SPU compared with sutureless securement devices (one trial, 5,730 patient 

days) 

One study in general adult acute and home settings (Yamamoto et al., 2002) found no 

difference between SPU and sutureless securement devices in the frequency of CVAD-

related BSI per 1,000 patient days (RR 0.13, 95% CI 0.00–5.82). Low quality 

evidence (downgraded for risk of bias and imprecision) 

CHG dressings compared with SPU (four trials, 42,689 patient days) 

The pooled results of four studies (in adult ICU; 32,958 patient days) and 

haematology/oncology; 9,731 patient days) (Arvanati et al., 2012; Ruschulte et al., 

2009; Timsit et al., 2009; Timsit et al., 2012b) show that CHG dressings reduce the 

frequency of CVAD-related BSI per 1,000 patient days compared with SPU (RR 0.51, 

95% CI 0.33–0.78, P value 0.002). There was no statistical heterogeneity detected (Chi² 

2.52; P value 0.47; I² 0%). Moderate quality evidence (downgraded for imprecision) 

Highly adhesive transparent dressing compared with SPU (one trial, 8,831 

patient days) 

One study in adult ICU (Timsit et al., 2009) found no difference in the frequency of 

CVAD-related BSI per 1,000 patient days between highly adhesive transparent dressings 

and SPU (RR 0.67, 95% CI 0.14–3.11). Moderate quality evidence (downgraded for 

imprecision) 
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CHG dressings compared with no dressing (one trial, 12,351 patient days) 

One study in adult haematology (Chambers et al., 2005) found no difference in the 

frequency of CVAD-related BSI per 1,000 patient days between CHG dressings and no 

dressing (RR 3.98, 95% CI 0.76–20.91). Low quality evidence (downgraded for risk of 

bias and imprecision) 

Incidence of catheter tip colonisation 

Table 3.3 and Figure 3.7 display the results of the meta-analysis for catheter tip 

colonisation for the pair-wise comparisons. 

 

Figure 3.7: Primary analysis: Catheter tip colonisation 

Gauze and tape compared with SPU dressings (five trials, 341 participants) 

Five studies in haemodialysis (66), gastroenterological (72), adult ICU (127), and 

general ward (76) settings reported this intervention and outcome, with 99 participants 

out of a total of 341 having their CVAD tip colonised (Carrer et al., 2005; Conly et al., 

1989; de Barros et al., 2009; Giles et al., 2002; Pedrolo et al., 2011). There was no clear 

difference in the risk of catheter tip colonisation between gauze and tape and SPU 
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dressings (RR 0.95, 95% CI 0.51–1.77) Statistical heterogeneity was high (Chi² 12.06; 

P value 0.02; I² 67%). Very low quality evidence (downgraded for inconsistency, 

indirectness and imprecision) 

CHG compared with SPU dressings (six trials, 4,431 participants) 

Pooling the results of six trials (Chi² 6.41; P value 0.27; I² 22%) showed that the risk of 

catheter tip colonisation is reduced with CHG compared with SPU dressings (RR 0.58, 

95% CI 0.47–0.73). Six studies reported this intervention and outcome, with 457 

participants out of a total of 4,431 having their CVAD tip colonised (Arvanati et al., 

2012; Garland et al., 2001; Levy et al., 2005; Roberts & Cheung, 1998; Timsit et al., 

2009; Timsit et al., 2012b). This analysis is based upon participants from adult ICU 

(3581), neonatal ICU (705) and paediatric ICU (145) settings. Moderate quality 

evidence (downgraded for indirectness) 

Highly adhesive transparent dressing compared with SPU (one trial, 982 

participants) 

There was no difference in the incidence of catheter tip colonisation between highly 

adhesive transparent dressings and SPU (RR 1.32, 95% CI 0.88–1.98). This single study 

(Timsit et al., 2012b) was in an adult ICU setting. Low quality evidence (downgraded 

for imprecision and indirectness) 

SPU compared with hydrocolloidal dressings (one trial, 128 participants) 

One small study in adult ICU (Nikoletti et al., 1999) found no difference in the 

incidence of catheter tip colonisation between SPU and hydrocolloid dressings (RR 

1.88, 95% CI 1.03–3.42). Low quality evidence (downgraded for imprecision and 

indirectness) 
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Incidence of entry and exit-site infections 

Gauze and tape compared with SPU dressings (two trials, 199 participants) 

The pooled results of two studies (Brandt et al., 1996; Shivnan et al., 1991) comparing 

the use of gauze and tape with SPU dressings found no clear difference in the incidence 

of entry and exit-site infections (RR 0.84, 95% CI 0.34–2.07; Chi² 0.15; P value 0.69; I² 

0%). These studies took place in adult bone marrow transplant unit (101) and paediatric 

and adult oncology (98) settings. Moderate quality evidence (downgraded for 

imprecision) 

SPU compared with CHG dressings (one trial, 33 participants) 

A single small study in adult ICU (Roberts & Cheung, 1998) found no clear difference 

in the incidence of entry and exit-site infections between SPU and CHG dressings (RR 

0.80, 95% CI 0.21–3.02). Low quality evidence (downgraded for risk of bias and 

imprecision) 

CHG dressings compared with no dressing (one trial, 112 participants) 

A single small study in an adult haematology setting (Chambers et al., 2005) found 

fewer entry and exit-site infections with CHG than with no dressing (RR 0.20, 95% CI 

0.06–0.66). Low quality evidence (downgraded for risk of bias and imprecision) 

Incidence of skin or site colonisation 

Gauze and tape compared with SPU dressings (two trials, 170 participants) 

Two studies (Giles et al., 2002; Shivnan et al., 1991) compared gauze and tape with 

SPU in gastroenterology (72) and paediatric and adult oncology (98) settings. These 

studies were pooled ( I² 0%). There was no difference in the incidence of skin or site 

colonisation between gauze and tape and SPU dressing (RR 0.86, 95% CI 0.30–

2.51). Moderate quality evidence (downgraded for imprecision) 
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Incidence of skin irritation or damage 

Table 3.3 and Figure 3.8 present the results of the meta-analysis for skin irritation or 

damage for the pair-wise comparisons. 

 

Figure 3.8: Primary analysis: Skin irritation or damage 

Gauze and tape compared with SPU dressings (one trial, 21 participants) 

There was no clear evidence of difference in skin irritation or damage between gauze 

and tape and SPU in a single study (adult ICU) (Pedrolo et al., 2011) (RR 6.60, 95% CI 

0.95–45.75). Moderate quality evidence (downgraded for imprecision) 

CHG compared with SPU (two trials, 850 participants) 

There was no clear evidence of a difference in the incidence of skin irritation or damage 

between CHG dressings and SPU when two studies were pooled (Chi² 2.17; P value 

0.14; I² 54%) (Garland et al., 2001; Levy et al., 2005) (RR 11.17, 95% CI 0.84–149.48). 

These studies took place in neonatal ICU (705) and paediatric ICU (145) settings. 

Higher rates of skin irritation or damage were evidence in the neonatal than the 

paediatric population. Moderate quality evidence (downgraded for imprecision) 
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SPU compared with other medication-impregnated dressings (one trial, 118 

participants) 

A single small study (Hill et al., 2010) compared the effects of SPU and other 

medication- impregnated dressings, in this case silver, on the rate of skin irritation or 

damage in neonatal ICU and found no difference (there was no irritation or skin damage 

in either group). Low quality evidence (downgraded for imprecision) 

SPU compared with sutureless securement devices (SSD; one trial, 170 

participants) 

A single small study (Yamamoto et al., 2002) found no difference in the incidence of 

skin irritation or damage between SPU and SSDs in general adult acute and home-care 

settings. (RR 0.61, 95% CI 0.06–5.78). Low quality evidence (downgraded for risk of 

bias and imprecision) 

Incidence of failed catheter securement 

Gauze and tape compared with SPU dressing (two trials, 167 participants) 

The pooled results of two studies (Brandt et al., 1996; de Barros et al., 2009) found no 

difference between gauze and tape and SPU dressings in the incidence of failed catheter 

securement (RR 0.90, 95% CI 0.33–2.49). This analysis is based upon participants from 

adult BMT (101) and haemodialysis (66) settings. Statistical heterogeneity was absent 

(Chi² 0.54; P value 0.46; I² 0%). Moderate quality evidence (downgraded for 

imprecision) 

SPU compared with CHG dressings (one trial, 306 participants) 

One study in adult ICU (Arvanati et al., 2012) compared SPU with CHG dressings and 

found no difference in the incidence of failed catheter securement (RR 2.40, 95% CI 

0.47–12.20). Moderate quality evidence (downgraded for imprecision) 
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SPU compared with SSD (one trial, 170 participants) 

One study in adult acute and home care settings compared (Yamamoto et al., 2002) 

SPU with SSD and found no difference in the incidence of failed catheter securement 

(RR 1.20, 95% CI 0.55–2.63). Low quality evidence (downgraded for risk of bias and 

imprecision) 

Dressing condition or durability 

Gauze and tape compared with SPU dressing (one trial, 21 participants) 

One very small study in adult ICU (Pedrolo et al., 2011) compared gauze and tape with 

SPU and found no difference in dressing condition or durability (RR 0.57, 95% CI 

0.10–3.27). Moderate quality evidence (downgraded for imprecision) 

Mortality 

Gauze and tape compared with SPU dressing (one trial, 21 participants) 

One very small study in adult ICU (Pedrolo et al., 2011) compared mortality in people 

receiving either gauze and tape or SPU and found no clear difference (RR 1.10, 95% CI 

0.19–6.41). Moderate quality evidence (downgraded for imprecision) 

SPU compared with CHG dressing (one trial, 606 participants) 

One study in adult ICU (Arvanati et al., 2012) an increase in mortality with SPU 

compared with CHG dressing (RR 3.71, 95% CI 2.48–5.55). This study had a high 

mortality rate, with a total of 80 out of 606 participants dying. Moderate quality 

evidence (downgraded for imprecision) 
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SPU dressing compared with other medication-impregnated dressing (one 

trial, 118 participants) 

One study in neonatal ICU (Hill et al., 2010) found no clear difference in mortality 

between SPU and other medication- impregnated dressings (impregnated with silver) 

(RR 1.53, 95% CI 0.14–16.31). Low quality evidence (downgraded for risk of bias and 

imprecision) 

CHG compared with no dressing (one trial, 112 participants) 

One study in adult haematology (Chambers et al., 2005) found no clear difference in 

mortality between CHG and no dressing (RR 1.33, 95% CI 0.55–3.25). Low quality 

evidence (downgraded for risk of bias and imprecision) 

Sensitivity analyses 

We planned sensitivity analyses for two major outcomes, CVAD-related BSI and 

catheter tip colonisation, to evaluate the impact of excluding studies based on the risks 

of selection and attrition bias. We were unable to perform the analyses on CVAD-

related BSI, as poor reporting meant we were not able to identify those studies at high 

risk bias. We performed sensitivity analyses on catheter tip colonisation, for the 

comparison of CHG dressings versus SPU. There were insufficient studies for the other 

comparisons to permit a meaningful analysis to be performed. 

Catheter tip colonisation 

The exclusion of two studies (Levy et al., 2005; Roberts & Cheung, 1998) with a high 

risk of attrition bias did not alter the pooled estimates substantially when we compared 

CHG dressings with SPU (‘without’ attrition bias: RR 0.59, 95% CI 0.46–0.77, 

compared to ‘with’ attrition bias: RR 0.58 95% CI 0.47–0.73). 
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Multiple treatments meta-analysis 

We undertook a multiple treatments meta-analysis (MTM) for each outcome for which 

more than two interventions were compared. See Appendix H for the MTM network 

plots. 

SSD had the highest probability of being the most effective intervention to reduce the 

incidence of CVAD-related BSI, followed by CHG. Low quality of 

evidence (downgraded due to moderate risk of bias, likely inconsistency and moderate 

common heterogeneity).  

“Old” SPU had the highest probability of being the most effective intervention to reduce 

the frequency of CVAD-related BSI per 1,000 patient days, followed by CHG. Moderate 

quality of evidence (downgraded due to moderate risk of bias).  

CHG had the highest probability of being the most effective intervention to reduce the 

incidence of catheter tip colonisation, followed by gauze and tape. Moderate quality of 

evidence (downgraded due to moderate risk of bias). 

Gauze and tape had the highest probability of being the most effective intervention to 

reduce the incidence of entry or exit site infection. No dressing had the lowest 

probability. Low quality of evidence (downgraded due to moderate risk of bias and low 

levels of transitivity (indirectness)). 

SSD had the highest probability of being the most effective intervention to reduce the 

incidence of skin irritation or damage, followed by SPU. Low quality of 

evidence (downgraded due to moderate risk of bias, moderate heterogeneity 

(inconsistency)). 

No dressing was associated with the highest probability of being the most effective 

intervention to reduce mortality, followed by CHG. Low quality of evidence (downgraded 

for moderate risk of bias, low levels of transitivity (indirectness)). 
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Discussion  

Summary of main results  

CHG dressings may reduce CVAD-related bloodstream infection relative to SPU and 

other dressings (moderate quality of evidence). This direction of effect is consistent for 

the outcomes of relative risk of CVAD-related blood stream infection, rates of blood 

stream infection per 1,000 patient days and catheter tip colonisation. however there is 

uncertainty around the result for the primary outcome of relative risk and no difference 

cannot be excluded. There is high quality evidence that the use of medication-

impregnated dressing products reduce the incidence of CVAD-related BSI in 

comparison with all other dressing types. The class of interventions termed ‘medication-

impregnated dressings’ included only CHG dressings in various forms (e.g., patch or 

whole dressing), whilst the ‘all other dressing types’ group involved SPU, highly 

adhesive transparent dressings and no dressing. There was moderate quality evidence 

for a reduction in the frequency of CVAD-related BSI per 1,000 patient days with the 

use of CHG dressings, compared to SPU. There was also moderate quality evidence in 

the reduction in the risk of colonisation of the CVAD tip with CHG dressings compared 

to SPU. Colonisation of the CVAD tip is considered an indirect measure of CVAD-

related BSI. Most studies were conducted in ICU settings. The evidence for the 

effectiveness of CHG dressings is probably not generalisable beyond these settings. 

The results of the MTM are generally in agreement with the pair-wise comparisons. 

CHG dressings were ranked as having the highest probability of reducing the incidence 

of catheter tip colonisation and second to SSD for reducing the incidence of CVAD-

related BSI and frequency of CVAD-related BSI per 1,000 patient days. The level of 

evidence reported in the MTM was of low to moderate quality, and further research may 

alter these results. 
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 One large RCT comparing CHG and SPU dressings was excluded from this 

review ((Maki et al., 2000) 1401 participants); this RCT compared the effectiveness of 

CHG dressings with SPU for the securement and dressing of arterial catheters, 

pulmonary artery catheters and CVAD. The trial found a significant reduction in the 

incidence of CVAD-related BSI for participants receiving CHG dressings (P value < 

0.05). This study was excluded because the outcome data were not provided separately 

for catheter type. We contacted the study authors, but they were not able to provide us 

with the CVAD outcomes. Exclusion of these results may have had a significant impact 

on the results of the meta-analyses included in this review. If we had been able to 

include these data, it is highly likely that our estimates of effect for the incidence of 

CVAD-related BSI would have become significant and favoured CHG dressings 

compared to SPU. 

 There is some concern in the current literature regarding the increased risk of 

skin irritation or damage for CHG dressings. Our current analysis results were heavily 

influenced by a single study that examined 705 neonatal ICU participants (59.2% of 

participants in the meta-analysis (Garland et al., 2001)). The majority of reactions 

occurred in neonates up to 28 weeks gestational age and up to 1,000 g in weight. Local 

contact dermatitis from the CHG dressing may limit its use in acutely ill low-birth 

weight neonates or others with impaired skin integrity (Garland et al., 2001). 

Overall completeness and applicability of evidence  

We identified a large number of studies in which the population, intervention, 

comparison and outcomes matched our pre-specified selection criteria. The studies were 

conducted in 25 different countries, in a range of settings and age-related populations, 

with different CVAD types. Despite this, the majority of dressing and securement 

products have not been adequately compared, due to the large variety that are currently 



 144 

available. This means that there is ongoing uncertainty regarding the effectiveness of 

several of the commercially and clinically available products. Additionally, several of 

our outcomes that reported on skin or site colonisation and dressing durability were 

poorly reported. CVAD security was not adequately addressed by the included studies. 

Considering the serious consequences associated with accidental CVAD removal due to 

poor security, this is an outcome that needs to be investigated. 

Quality of the evidence  

Risk of bias was difficult to assess in most studies because of poor reporting. Since it 

was not possible to blind personnel or participants to the CVAD dressing and 

securement product, there was a potential source of performance bias and staff or 

patients may have behaved differently given knowledge of the intervention; this seems 

unlikely however. Blinding of outcome assessors was feasible for the primary outcome, 

but was achieved and reported adequately by only six of the studies (Arvanati et al., 

2012; de Barros et al., 2009; Nikoletti et al., 1999; Ruschulte et al., 2009; Timsit et al., 

2009; Timsit et al., 2012b). Only two studies achieved and reported the minimisation of 

selection bias adequately via both random sequence generation and allocation 

concealment (Garland et al., 2001; Yamamoto et al., 2002). Several of the trials 

reported receiving partial or full manufacturer sponsorship (Garland et al., 2001; 

Shivnan et al., 1991; Timsit et al., 2012b; Wille et al., 1993; Yamamoto et al., 2002), 

however it is unclear whether this had an impact on the reported results. It is common 

within the field of intravascular device research for investigators to receive partial or 

full sponsorship for the completion of research. The funnel plot did not reveal any 

underlying positive or negative publication bias. 
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Potential biases in the review process  

We followed clearly described procedures to prevent potential bias in the review 

process. The comprehensive search of multiple sources and the methods we used are 

transparent and reproducible.  

Agreements and disagreements with other studies or reviews  

The previous version of this review ‘Gauze and tape and polyurethane dressings for 

central venous catheter’ identified a four-fold increase in the rate of CVAD-related BSI 

when a polyurethane dressing was used, compared with gauze and tape (Webster et al., 

2011). However, with the widening of the inclusion criteria to include recently 

published research and participants in community settings, this difference has ceased to 

be significant. 

 The Centers for Disease Control and Prevention (CDC) recommend the use of 

either a sterile gauze or SPU dressing to cover the CVAD site (O’Grady et al., 2011). 

By comparison, ‘epic3’, the English national evidence-based guidelines (Loveday et al., 

2014), recommend the use of SPU, unless the insertion site is perspiring profusely or 

the insertion site is bleeding or leaking. Both the CDC and epic3 guidelines advocate 

the use of a CHG dressing as a strategy to reduce CVAD-related BSI, but CDC 

recommend CHG dressings only for temporary short-term catheters in patients over two 

months of age and then only if the CVAD-associated BSI rate is not decreasing despite 

adherence to basic prevention methods. 

 Our review suggests that CVAD-related BSI may be reduced with CHG 

compared with SPU, and that the risk of CVAD-related BSI is reduced with medication-

impregnated dressings compared with all others. Additionally, we identified a reduction 

in the incidence of catheter tip colonisation when using a CHG dressing compared to 

SPU. A previous meta-analyses (Ho & Litton, 2006) that compared the effectiveness of 
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CHG dressings to SPU for intravascular and epidural catheters had similar results. That 

meta-analysis identified a significant reduction in intravascular catheter or exit-site 

bacterial colonisation for CHG dressings compared to SPU (14.8% versus 26.9%; odds 

ratio (OR) 0.47, 95% CI 0.34–0.65; P value < 0.00001) and a trend towards a reduction 

in intravascular catheter-related BSI or central nervous system infection (2.2% versus 

3.8%; OR 0.58, 95% CI 0.29–1.14; P value 0.11). Participants who had their 

intravascular and epidural catheters dressed with a CHG dressing had a significantly 

increased rate of local cutaneous reactions in comparison to those dressed with SPU 

(OR 8.17, 95% CI 1.19–56.14, P value 0.04), and the majority of these reactions 

occurred in neonatal patients. 

 A recent meta-analysis (Safdar et al., 2014) evaluated the efficacy of CHG 

dressing compared to ‘conventional’ dressings for CVAD, pulmonary artery or 

peripheral arterial catheters. This analysis identified that the use of a CHG dressing 

compared to a ‘conventional’ dressing reduced the risk of catheter-related BSI (RR 

0.60, 95% CI 0.41–0.88; P value 0.009) and catheter colonisation (RR 0.52, 95% CI 

0.43–0.64; P value < 0.001). These results agree with this review, even with the 

inclusion of pulmonary artery and arterial catheters, in addition to CVAD. 

Authors’ conclusions  

Implications for practice  

There is some evidence that CHG dressings used for securing CVADs may reduce the 

risk of CVAD-related BSI, compared with SPU dressings and other (non-impregnated) 

dressing types. This evidence mainly comes from ICU settings. The evidence for the 

relative effects of different dressing and securement comparisons, including gauze and 

tape versus SPU, on catheter tip colonisation and CVAD-related BSI is unclear. There 
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was inadequate research to permit us to make recommendations about CVAD security 

using the different dressing and securement products. 

Implications for research  

More, high quality research is needed regarding the relative effects of dressing and 

securement products for CVADs. New products are continually becoming commercially 

available, and researchers need to provide the evidence to inform clinical decision 

making in this area. Clinically important outcomes including CVAD security have not 

been adequately addressed by current research. Future research may adjust the estimates 

of effect for the products included in this review. Researchers should plan their 

protocols so that the risk of bias in each domain is minimised and should report trials 

clearly in accordance with the CONSORT guidelines (Schulz, Altman, & Moher, 2010). 

 Future research may adjust the estimates of effect for the products included in 

this review. Researchers should plan their protocols so that the risk of bias in each 

domain is minimized and should report clearly in accordance with the CONSORT 

guidelines (Schulz et al., 2011). 
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Examining the role of securement and dressing products to prevent central 

venous access device failure: a narrative review 

Reference: Ullman, A. J., Cooke, M., & Rickard, C. (2015). Examining the role of 

securement and dressing products to prevent central venous access device failure: a 

narrative review. J Assoc Vasc Access, 20(2), 99-110. 

Abstract 

Objective  

To describe the underpinning principles involved in central venous access device 

(CVAD) securement and dressing products to prevent CVAD failure and complications 

through a synthesis of research studies. 

Background  

Functional, dependable CVAD are a necessary part of patient care. Dressing and 

securement products are used to prevent CVAD failure and complication, but there are a 

large variety of products available for clinicians to access, with variable effectiveness. 

Methods  

A narrative review of studies describing the mechanisms for CVAD securement and 

dressing products to prevent failure and complication was undertaken. After a 

systematic search, 21 clinical and laboratory studies were included in the review.  

Discussion  

The major mechanisms by which CVAD dressing and securement products prevent 

failure are providing a barrier to microbial contamination and motion reduction. CVAD 

securement and dressing products provide these functions using coating, adhesion, 

antimicrobial properties, absorbency and moisture vapour transmission; without causing 

irritation to the skin and maintaining visibility of the insertion site. The complexity of 

patients requiring CVAD securement and dressing means that universal 

recommendations across CVAD populations and broad generalization of studies’ from 
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single populations (e.g., intensive care) or devices (e.g., peripherally inserted central 

catheters) are ill-advised.  

Conclusion  

CVAD securement and dressing products provide important, multi-faceted functions to 

prevent CVAD failure and complication. 
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Introduction 

Central venous access devices (CVADs) are a necessary part of contemporary 

healthcare. They provide a consistent method to access the vascular system and infuse 

vital, vessel-irritant medications and fluids over extended periods of time.(Loveday et 

al., 2014) Multi-disciplinary healthcare practitioners and patients rely on these devices, 

assuming they will be functional throughout treatment. 

However literature has reported high incidences of CVAD failure prior to the 

completion of treatment. (Chopra et al., 2013a; Chopra et al., 2013b; McGee & Gould, 

2003) The predominant mechanisms resulting in failure are CVAD-associated 

bloodstream infection (BSI), thrombosis, occlusion, dislodgement, breakage and local 

skin irritation or infection. (Fratino et al., 2009; Ullman et al., 2013b) Each of these 

complications results in an interruption to necessary treatment, the insertion of a 

replacement vascular access device and the attributable morbidity and mortality of the 

complication. 

Many of these complications are considered preventable with the consistent 

application of evidence-based strategies, (Miller et al., 2011; Ullman et al., 2014) and 

should not be viewed as an unavoidable consequence to technical medicine. (Eggimann, 

2007) In recent years international healthcare agencies have prioritised the prevention of 

CVAD-associated BSI related to insertion practices within the intensive care setting. 

(Pronovost, Goeschel, Colantuoni, & al, 2010; Pronovost et al., 2006) Celebration over 

the success of CVAD insertion bundles should be metered by the continuing rate of 

CVAD failure and complication due to other mechanisms which occur later in the 

catheter life. Healthcare practitioners are continuing to search for novel and innovative 

ways to improve CVAD management for their patients. 
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Dressing and securement products have always been used as a means to prevent 

CVAD failure and complication. The first CVAD dressing product utilised in the 

clinical setting was gauze and tape, with clear polyurethane dressings becoming 

prominent in the 1980s. (Ullman et al., 2013b) Additional CVAD securement has 

traditionally been achieved via the use of silk or synthetic sutures. There is now a large 

variety of CVAD securement and dressing products available in the clinical setting, and 

even more in development.  

Securement and dressing products are a practicality of healthcare provision for 

all vascular access specialists who insert and manage CVADs. Their importance and 

relative effectiveness should also not be taken for granted by the wider healthcare 

community (e.g., oncologists, general surgeons) benefiting from their effectiveness to 

prevent CVAD failure. But the mechanisms by which these products act to prevent 

CVAD failure may be poorly understood. By reviewing the available evidence 

surrounding the role of CVAD securement and dressing products, clinicians, researchers 

and product manufacturers can work collaboratively to develop practical, effective and 

efficient strategies for all patients requiring CVAD. Previous systematic reviews and 

meta-analysis have focussed on the relative effectiveness of specific dressing and 

securement products. (Ho & Litton, 2006; Safdar et al., 2014; Ullman et al., 2013b; 

Webster et al., 2011) This review focusses on studies that explore the fundamental 

principles of CVAD securement and dressing products to prevent failure and 

complication. 

Aims 

The aim of this review is to synthesize the available literature to describe the 

underpinning principles involved in CVAD securement and dressing products and how 

they prevent CVAD failure and complications. 
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Methods  

A narrative review was undertaken to synthesize the accumulated state of knowledge 

and trends within CVAD securement and dressing research. This includes a priori 

inclusion criteria for study selection, following the recommendations for narrative 

review methodology by Green and colleagues. (Green, Johnson, & Adams, 2006) 

Eligibility criteria 

All studies that focused on the underpinning principles involved in CVAD securement 

and dressing products for the prevention of CVAD failure and complications are 

included in the review. All randomized controlled trials (RCTs) that had previously 

been included within an included meta-analysis were excluded, to ensure a lack of study 

result repetition. Studies were excluded if they were not written in English. 

Literature search strategy 

Ovid MEDLINE (1950 to December 2014), Ovid EMBASE (1980 to December 2014); 

EBSCOhost CINAHL (1982 to December 2014) and Cochrane Central Register of 

Controlled Trials (December 2014 issue) were systematically and independently 

searched. Medical Subject Headings (MeSH) were developed in collaboration with a 

healthcare librarian and were “dressing”, “intravenous device” and “central venous 

catheters”. Additional studies were identified through searches of bibliographies. 

Searches were performed without year restrictions and not limited to human studies.  

Results 

Systematic search results 

As demonstrated in the PRISMA flow chart (Figure 3.9), from the database searches, 

213 titles were identified, 66 were removed as duplicates with 147 abstracts reviewed. 
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Seventeen studies were excluded as the authors reported the results of cross-sectional 

surveys or descriptions of the variety of CVAD dressing and securement practices. 

Forty-five were RCTs included within the three meta-analyses. 

 

Figure 3.9: PRISMA flow chart of study selection 

Characteristics of included studies 

Tables 3.4 and 3.5 describe the population, interventions, aims, and major findings of 

the 21 included studies: three meta-analyses (Ho & Litton, 2006; Safdar et al., 2014; 

Webster et al., 2011); six RCTs (Engervall, Ringertz, Hagman, Skogman, & Bjorkholm, 

1995; Laura et al., 2000; Madeo et al., 1998; Reynolds et al., 1997; Vokurka, Bystricka, 

Visokaiova, & Scudlova, 2009; Yamamoto et al., 2002); three quasi-experimental 

(Lawrence, Seiler, Wilson, & Harwood, 2014; Pfaff, Heithaus, & Emanuelsen, 2012; 
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Young, Alexeyeff, Russell, & Thomas, 1988); three observational cohort (Silveira, 

Braga, Garbin, & Galvao, 2010; Timsit et al., 2012a; Treston-Aurand, Olmsted, Allen-

Bridson, & Craig, 1997) studies; and six laboratory studies. (Bashir, Olson, & Walters, 

2012; Bhende & Rothenburger, 2007; Bhende & Spangler, 2004; Keene, Hennessey, & 

Rakoczy, 2009; Lin, Chen, Li, & Pan, 2009; Simonova et al., 2012)  
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Table 3.4: Clinical studies examining CVAD dressing and securement products to prevent failure 

Authors 

(year) 

Population Products evaluated; outcome measures Findings Industry 

sponsored 

Meta-analysis 

Safdar 

(2014) 

All intravascular 

devices 

CHG-impregnated dressings compared 

with conventional dressings. 

Outcomes: CR BSI; catheter colonization 

Use of a CHG-impregnated dressing 

resulted in a reduced prevalence of CR BSI 

(ReR 0.60; 95% CI 0.41-0.88; p = 0.009) 

and catheter colonization (ReR 0.52; 95% 

CI 0.43-0.64; p < 0.001). Skin irritation 

noted in neonates. 

No 

Webster 

(2011) 

CVADs Gauze and tape compared with 

polyurethane dressings 

Outcomes: CR BSI; catheter cultures; skin 

/ site colonization; exit-site infection; 

tunnel infection; catheter security; skin 

irritation; dressing condition / durability 

Use of a polyurethane dressing resulted in a 

higher frequency of CR BSI (OR 4.19; 

95% CI 1.02-17.23; p = 0.047).  

No other significant differences found. 

No 

Ho (2006) All intravascular 

devices and 

epidural catheters 

CHG-impregnated dressings compared 

with placebo or povidone-iodine dressing 

Outcomes: Epidural, intravascular device 

or exit-site colonization; CR BSI; central 

nervous system infection; local skin 

reactions 

Use of a CHG-impregnated dressing 

reduced the risk of epidural (OR 0.07; 95% 

CI 0.02-0.31; p = 0.0005); intravascular or 

exit-site colonization (OR 0.47; 95% CI 

0.34-0.65; p < 0.00001). No significant 

differences for CR BSI. Use of a CHG-

impregnated dressing resulted in an 

No 
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increased risk for local skin reactions (OR 

8.17; 95% CI 1.19-56.14; p = 0.04).  

Randomized controlled trials  

Vokurka 

(2008) 

81 patients with 

acute myeloid 

leukaemia with 

non-tunneled 

CVADs. 

Once weekly compared to twice-weekly 

polyurethane CVAD dressing change 

Outcomes: Local cutaneous damage, 

catheter-associated infections 

No statistically significant difference in 

local cutaneous damage or catheter-

associated infections between groups. 

No 

Yamamoto 

(2002)  

170 patients with 

peripherally 

inserted central 

catheters (PICCs) 

Securement of PICCs with suture or 

sutureless securement device (StatLock®; 

Bard, Georgia) 

Outcomes: Total complications; 

dislodgement; PICC-related BSI; 

occlusion; Leakage and CVAD-

thrombosis 

No statistically significant difference in all-

cause complication or dislodgement. 

Significant reduction in PICC-related BSI 

for StatLock® group (2/85; 2.3%) vs suture 

group (10/85; 11.8%; p = 0.032). 

Yes 

Laura 

(2000) 

399 patients 

undergoing bone 

marrow 

transplantation 

with tunneled 

CVAD 

CVAD dressing changes every five or ten 

days, in comparison to two or five days. 

Outcomes: Site infection and local skin 

irritation. 

Participants that had the dressing changed 

every two days had a significantly 

increased risk of local skin irritation.  

No 

Madeo 

(1998) 

31 arterial catheters 

and CVADs 

Silver-impregnated dressing compared to 

polyurethane dressing 

No statistically significant difference in site 

and catheter tip colonization between 

groups. 

No 
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Outcomes: Site colonization; catheter tip 

colonization 

Reynolds 

(1997) 

100 patients with 

CVAD 

Tegaderm® (3M, St Paul) compared to IV 

3000® (Smith & Nephew, London) 

polyurethane dressings 

Outcomes: Site colonization; catheter tip 

colonization; BSI 

No statistically significant difference 

between groups. 

No 

Engervall 

(1995) 

32 patients with 

haematological 

conditions with 

tunneled CVAD 

Once weekly compared to twice-weekly 

polyurethane CVAD dressing change 

Outcomes: CVAD failure; catheter tip 

colonization; exit site infection; CR-BSI.  

No statistically significant difference in all 

cause CVAD failure between groups. 

Participants that had the dressing changed 

weekly had statistically significantly 

increased catheter tip colonization (79% vs 

22%; p < 0.05). 

No 

Quasi-experimental studies    

Lawrence 

(2014) 

119 patients with 

long-term 

haemodialysis 

CVADs 

Polyurethane dressing compared to no 

dressing for showering and long term care 

Outcomes: Rate of CVAD failure; BSI; 

local infections  

No statistically significant difference 

between groups 

No 

Pfaff 

(2012) 

Adult ICU patients Polyurethane dressing compared with 

CHG-impregnated dressing 

Outcome: CR-BSI  

No statistically significant difference 

between groups. 

No 

Young 

(1988) 

Adult patients 

receiving total 

Gauze and tape dressings changed three 

times per week compared with 

No statistically significant difference 

between groups. 

Yes 
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parenteral nutrition 

via CVAD 

polyurethane dressing changed weekly; 

changed every 10 days and changed twice-

weekly. 

Outcome: CR-BSI 

Cohort studies    

Timsit 

(2012) 

1,419 adult ICU 

patients 

Association between frequency of 

dressing disruption and CR-BSI 

The rate of catheter-related bloodstream 

infection increased after the second 

dressing disruption from 0.5 to 1.5 per 

1,000 catheter days. 

No 

Silveria 

(2010) 

Ten patients with 

tunneled CVAD 

undergoing bone 

marrow transplant 

Frequency of CVAD-associated infection 

and local skin irritation when using 

polyurethane and gauze and tape dressings 

Three patients with polyurethane dressings 

in comparison to one with gauze and tape 

experienced local skin reaction. CVAD-

associated infections were prevalent in four 

cases. 

No 

Treston-

Aurand 

(1997) 

Adult patients with 

3,931 CVADs 

Comparison of polyurethane, gauze and 

tape and a highly permeable transparent 

dressing in terms of catheter-related 

infection. 

There was a statistically significant 

difference in catheter-related infection 

rates: highly permeable transparent 3.3%; 

polyurethane 5.5% and gauze and tape 

8.5% (p < 0.05 all comparisons).  

No 

BSI = Bloodstream infection; CHG = Chlorhexidine Gluconate; CI = Confidence interval; CR-BSI = Catheter-Related 

Bloodstream Infection; CVAD = Central Venous Access Device; ICU = Intensive Care Unit; OR = Odds Ratio; ReR = 

Relative risk  
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Table 3.5: Laboratory-based studies examining the mechanisms of CVAD dressing and securement products to prevent failure 

Laboratory-based studies Study aim Results Industry 

Sponsored 

Bashir (2012)  Compare the effectiveness of chlorhexidine-

impregnated dressing types to standard dressings to 

prevent skin colonization after antisepsis using 2% 

Chlorhexidine Gluconate in 70% Alcohol. 

Products:  

 Polyurethane dressing (Tegaderm®; 3M, St 

Paul);  

 Chlorhexidine-impregnated dressing 

(Tegaderm® CHG IV Securement; 3M, St 

Paul);  

 Chlorhexidine-impregnated disc (Biopatch®; 

Johnson & Johnson, NJ). 

Outcome: Quantitative cultures of skin samples 

from baseline to 7 days after dressing application.  

Mean log counts were 3.2 log10 CFU/cm2 

before antisepsis and 0.4 after 

antisepsis. Mean log counts obtained on days 

1, 4, and 7 were 0.4, 0.3, and 0.5 log10 

CFU/cm2 for the chlorhexidine-impregnated 

dressing; 0.4, 0.4, and 0.9 log10 CFU/cm2 for 

the chlorhexidine impregnated disc; and 0.9, 

1.2, and 1.5 log10 CFU/cm2 for the standard 

polyurethane dressing. The CHG-impregnated 

dressing maintained lower mean log counts to 

a greater extent than the disc at 7 days (p = 

0.01). 

Yes 

Simonova (2012)  Compare chemical compatibility, pull out forces and 

bacterial migration between new and conventional 

IVD securement technology 

Products:  

 Tissue adhesive (Dermabond®; Johnson & 

Johnson, NJ; Histoacryl® B. Braun, 

Germany);  

Neither tissue adhesive weakened the catheters. 

Both tissue adhesives and sutureless 

securement devices significantly increased the 

pull-out force compared to no dressing (No 

dressing: 1.49; Dermabond®: 15.53; 

Histoacryl®: 36.67; StatLock®: 22.11; p < 

0.01). Microbial growth was observed in the 

polyurethane dressing models at 72 hours, 

No 
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 Polyurethane dressing (Tegaderm® 1624, 

3M, St Paul);  

 Bordered polyurethane dressing (Tegaderm® 

1633, 3M, St Paul);  

 Sutureless securement device (Statlock®; 

Bard Medical, Georgia);  

 No securement 

Outcomes: Assessment of chemical compatibility 

with catheters and removal products; pull-out forces; 

microbiological skin contaminants. 

while no growth was visible in the tissue 

adhesive group. 

Keene (2009)  Identify the adherence properties of tunneled, cuffed 

CVAD dressings 

Products:  

 Two polyurethane dressings (IV 3000® 

Smith & Nephew, London; Tegaderm®3M, 

St Paul),  

 Leukoplast ® Sleek® (Smith & Nephew, 

London) 

 Mefix® (Molyncke, Sweden) 

Using “loop line”, “sandwich” and “bridge” 

application models. 

Outcome: Dressing to skin adherence was tested by 

applying increasing weights to the line. 

Dressing to skin adherence was poorest for 

polyurethane dressings (mean weight 1.74-

2.68kg), followed by Mefix and Sleek (mean 

weight 4.24-4.30 kg) and greatest for the 

combination of Tegaderm and Mefix (mean 

weight >5.2 kg). Sandwich technique was 

superior to loop-line technique (p < 0.001).  

No 
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Lin (2009)  Comparison of moisture vapour transmission rates 

(MVTRs) of transparent and gauze dressings 

Products:  

 Gauze;  

 Polyurethane dressings: IV 3000® (Smith & 

Nephew, London); OPSITE 

FLEXIGUARD® (Smith & Nephew, 

London); Tegaderm® HP (3M, St Paul) and 

Tegaderm® (3M, St Paul). 

During simulation at normal skin humidity and 

temperature, gauze had the highest MVTRs, 

followed by IV 3000; Tegaderm HP; OPSITE 

FLEXIGRIP and Tegaderm (p < 0.01). During 

simulation of dressings in contact with 

sweating or exudate skin at normal skin 

temperature IV3000 had the highest MVTRs, 

followed by Tegaderm HP, OPSITE 

FLEXIGRID, and Tegaderm (p < 0.01). 

No 

Bhende (2007)  Comparison of inhibition essay by five silver and 

CHG dressing products against CR-BSI causing 

bacteria and yeast over seven days. 

Products:  

 Polyurethane foam patch with ionic silver 

alginate (Algidex ® Ag I.V; DeRoyal, TN); 

  Hydrogel silver dressing (SilvaSorba®; 

AcryMed, Inc, OR);  

 Silver barrier dressing (Silverlon® Lifesaver 

(Argentum Medical LLC, IL); 

 Silver alginate dressing with polyurethane 

foam backing (Silversite®; Centurion 

Healthcare products, MI).  

 Polyurethane foam with CHG: 

BIOPATCH® (Johnson & Johnson; NJ) 

Silver-treated dressings showed good efficacy 

against Psedomonas aeruginosa compared to 

CHG. The CHG foam showed sustained 

efficacy for a period of 7 days for 5/7 

organism; including the only dressing to 

prevent Candida albicans growth. The silver 

alginate dressing and foam patch were the best 

performers of the silver dressings. 

Yes;  
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 Polyurethane foam; no impregnation 

Outcomes: Zone of inhibition tests against MRSE, 

MRSA, VRE, C.albicans, P.aeruginosa, 

A.baumanii, K.pneumoniae over 7 days. 

Bhende (2004)  Comparison of inhibition essays of CHG foam 

dressing against plain foam samples against 

antibiotic-resistant clinical isolates. 

Products: 

 Polyurethane foam with CHG: 

BIOPATCH® (Johnson & Johnson; NJ) 

 Polyurethane foam; no impregnation 

Outcomes: Zone of inhibition tests against MRSE, 

MRSA, VRE, C.albicans, P.aeruginosa, over 24 

hours. 

Polyurethane foam with CHG had an 

antimicrobial effect against all tested bacteria 

and yeast. 

Yes 

CHG = Chlorhexidine Gluconate; CFU = Colony forming units 



 165 

 The overarching principles of CVAD securement and dressing to prevent CVAD 

failure and complication described within the included studies centred around: 

providing a barrier to microbial colonization and contamination; reducing internal and 

external motion; and the impact of dressing disruption. CVAD securement and dressing 

products provide these functions using coating, adhesion, antimicrobial properties, 

absorbency and moisture vapour transmission, without causing irritation to the skin and 

maintaining visibility of the insertion site. 

Barrier to microbial colonisation and contamination 

The puncture of the skin by the CVAD provides a potential entrance point for 

pathogenic bacteria and fungi to enter the surrounding tissue and bloodstream, resulting 

in local or systemic infections. One of the primary functions of CVAD dressings is to 

provide a physical barrier from external contaminants onto the CVAD exit site. 

However the shielding mechanism is only effective if contaminants are not present 

under the dressing, and that the dressing environment does not provide a setting for 

microbes to proliferate. (Reynolds et al., 1997) An industry sponsored laboratory study, 

carried out by Bashir and colleagues (Bashir et al., 2012) found that with site antisepsis 

using 2% Chlorhexidine Gluconate (CHG) in 70% alcohol on healthy volunteers in 

accordance with product manufacturers recommendations and international clinical 

practice guidelines, skin flora was still not completely eradicated. The skin underlying 

the CVAD is never completely sterilized. 

Because of normal human body temperature and environmental humidity, the 

skin surface underneath a CVAD dressing may be conducive to bacterial or fungal 

growth. This favourable environment is further exacerbated by the presence of wound-

based exudate and sweating underneath the CVAD dressing, both of which are common 

occurrences throughout acute and chronic illness. In order to combat the issue of 
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microbial growth underneath CVAD dressing products, the initial occlusive 

polyurethane dressings were developed in the 1990s to become semi-permeable to 

oxygen, carbon dioxide and water vapor. (Ullman et al., 2013b)  

In 2009 an independent laboratory based- study (Lin et al., 2009) compared the 

moisture vapor transmission of CVAD dressings to estimate effectiveness of these 

products across simulated humidity, fluid presence and temperature settings. Of the 

gauze and polyurethane dressings tested, IV3000 (Smith & Nephew®; London) had the 

highest moisture vapor transmission when encountering humid, moist, human-body 

temperature simulated environments. Whether these high moisture vapor transmission 

rates equate to reduced CVAD site microbial colonization, and thereby catheter-related 

infection, was not established by the study. But these findings contrast with the 

Cochrane Systematic Review by Webster and colleagues, (Webster et al., 2011) which 

found the use of a polyurethane dressing, in comparison to gauze and tape, resulted in a 

higher frequency of catheter-related BSI (odds ratio 4.19; 95% CI 1.02–17.23; p = 

0.047). 

Medication- impregnated CVAD dressing products are now available, aiming to 

further prevent the growth of microbes underneath the CVAD dressing product via 

release of antiseptic solution. Most prevalent are the CHG-impregnated products, which 

have become widely adopted as a means to reduce the risk for CVAD-associated local 

and systemic infections. CHG is a cationic biguanide with broad spectrum antimicrobial 

and antifungal activity. The rapid electrostatic attraction of the cationic chlorhexidine 

molecule and the negatively charged bacterial cells contribute to the rapid kill rate 

associated with chlorhexidine.(Bhende & Rothenburger, 2007) The optimal 

antimicrobial activity of CHG is achieved with a pH ranging from 5.5–7, similar to the 

human skin. (Bhende & Rothenburger, 2007; Bhende & Spangler, 2004) An early 
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manufacturer funded laboratory study (Bhende & Spangler, 2004) first demonstrated the 

effectiveness of CHG-impregnated polyurethane foam patches in inhibiting the growth 

of CR-BSI causing pathogens including methicillin resistant Staphylococcus aureus 

(MRSA), methicillin resistant Staphylococcus epidermis (MRSE), and vancomycin 

resistant Enterococcus faecium (VRE). The effectiveness of CHG impregnated products 

to reduce the incidence of CVAD-associated BSI and catheter colonization for 

intravascular devices has now been demonstrated in several large RCTs and meta-

analyses. (Maki et al., 2000; Safdar et al., 2014; Timsit et al., 2009; Timsit et al., 2012b)  

A laboratory based, Tegaderm® CHG manufacturer funded study (Bashir et al., 

2012) described the comparative effectiveness of the different CHG products, CHG disc 

(Biopatch®; Johnson & Johnson NJ) and CHG dressing (Tegaderm® CHG IV 

Securement; 3M St Paul), against standard dressings to reduce mean log counts of skin 

flora after antisepsis over seven days in on the back of healthy volunteers (n = 32). This 

study found that while both CHG products reduced the mean log counts of skin flora in 

comparison to standard dressings, the CHG dressing maintained lower mean log counts, 

than the CHG disc, at seven days (p = 0.01).  

In addition to CHG-based products, silver compounds are used widely as 

effective antimicrobial agents. (Bhende & Rothenburger, 2007) Silver ions can inhibit 

replication of bacterial through binding to the microbial DNA, and/or switch off 

important enzymes, leading to microbial death. (Zhang, Keogh, & Rickard, 2013) 

Another laboratory-based Biopatch® manufacturer funded study (Bhende & 

Rothenburger, 2007) compared the effectiveness of silver and CHG-based dressing 

products for the inhibition the growth of CVAD-associated BSI pathogens over a seven 

day period. This study demonstrated that the silver-treated dressing products had good 

efficacy against Pseudomonas aeruginosa compared to CHG, but concluded that CHG 
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showed greater sustained efficacy in the majority of tested bacteria and yeasts. Highest 

ranked of the silver dressing products were the silver alginate dressing (Silversite®; 

Centurion Healthcare products; Williamston) and the polyurethane foam patch with 

ionic silver alginate (Algidex® Ag I.V; DeRoyal TN). Whether the reduction of skin 

flora seen in the CHG dressings within Bashir and colleagues’ (Bashir et al., 2012) 

study or the sustained efficacy of the CHG discs in Bhende and Rothenburgers’ 

(Bhende & Rothenburger, 2007) study are associated with a clinically significant 

reduction of CVAD-associated infections has not been established, as no RCTs have 

been undertaken to directly compare these products. 

Motion reduction 

The other primary function of CVAD securement devices is the reduction of internal 

and external movement of the CVAD. The external portion needs to be secured so the 

CVAD does not dislodge from the correct position in the central vein, ensuring device 

patency. Figure 3.8 illustrates the typical stressors evident in the clinical environment 

which impact upon CVAD security. CVAD security also needs to be maintained to 

prevent micro-motion or ‘pistoning’ in and out of the vein which irritates the vein wall, 

causing thrombosis, occlusion and vessel erosion. (Frey & Schears, 2006; Moureau et 

al., 2012) This has traditionally been accomplished by the use of synthetic or silk 

sutures; attaching the CVAD internal or external segment to the patients subcutaneous 

tissue. (Frey & Schears, 2006) Bordered polyurethane dressing products are also 

available, aiming to provide additional strength in securement compared to simple 

polyurethane dressings, via a tough fabric adhesive border around the central 

polyurethane. In addition to this option, clinicians frequently reinforce device security 

using non-commercial options including sterile strips or non-sterile tape, with varying 

effectiveness and sterility.  
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Figure 3.8: Illustration of potential stressors in the healthcare environment which 
impact CVAD securement 

 

International clinical practice guidelines generally recommend suturing of the 

CVAD to the surrounding tissue however there is some concern regarding the 

association between suturing and increased risk for CVAD dislodgement and CVAD-

associated infection. (Australian and New Zealand Intensive Care Society, 2012; 

Loveday et al., 2014; O’Grady et al., 2011; Pittiruti et al., 2009) Building on the 

retrospective study by Wood and colleagues, (Wood, 1997) Yamamoto and colleagues 

(2002) undertook a landmark RCT in the US, comparing prolene sutures to a sutureless 

securement device (StatLock®; Bard; Georgia) for 130 peripherally inserted central 

catheters (PICCs) in adult patients for the prevention of all-cause PICC failure and 

CVAD-associated BSI. While the reduction of PICC failure was not significantly 

different between the two groups, CVAD-associated BSI was significantly reduced in 

the StatLock® group (StatLock 2/85, 2.3%; suture 10/85, 11.8%; p = 0.032). While 
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replication of this work has not been undertaken, clinicians have embraced this 

technology and device, with wide application in the clinical setting for PICCs. (Ullman 

et al., 2014) Further research needs to be undertaken to establish the effectiveness of 

sutureless securement devices to reduce non-PICC CVAD failure caused by internal and 

external motion.  

The securement strength of some CVAD dressing products has been tested 

under laboratory conditions by Keene and colleagues (Keene et al., 2009). This study 

established that dressing adherence varied significantly on the basis of application 

technique and on the basis of “sandwich” versus “loop-line” technique. Many studies 

have documented the challenges associated with achieving consistent implementation of 

standardised evidence-based CVAD practice into the clinical setting. (Labeau et al., 

2009; Labeau, Vereecke, Vandijck, Claes, & Blot, 2008; Ullman et al., 2014) CVAD 

securement products need to have clear, easy-to-follow, simple instructions to ensure 

their correct application, and maximise their effectiveness in reducing internal and 

external movement. 

New advancements in CVAD securement continue. Simonova and colleagues 

(2012) described the potential role of tissue adhesive as an intravascular device 

securement product using laboratory conditions. Tissue adhesive is a medical grade 

‘superglue’ cyanoacrylate, used commonly in surgical settings as an alternative to 

sutures in both internal and external wounds. (Singer & Thode, 2004) During their 

laboratory-based study (Simonova et al., 2012) using a porcine skin model, simple 

polyurethane did not significantly increase pull-out force compared to no dressing at all 

(No dressing: 1.5; simple polyurethane: 9.2; P > 0.05). However, both tissue adhesives 

and sutureless securement devices significantly increased required pull-out force 

(Tissue adhesive 1: Dermabond® (Johnson & Johnson, London): 15.5 and StatLock® 
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(Bard, Georgia): 22.1 p < 0.01; Tissue adhesive 2: Histoacryl® (B.Braun, Germany): 

36.7 p < 0.001). There was no visible damage to skin on removal. 

Dressing disruption 

Each CVAD dressing disruption has the potential for contamination during the dressing 

change and for skin irritation associated with dressing removal to occur. Current 

international clinical practice guidelines recommend that CVAD polyurethane dressings 

be changed every seven days and gauze dressings every three days, in order to minimise 

the risk of contamination. (Australian and New Zealand Intensive Care Society, 2012; 

Loveday et al., 2014; O’Grady et al., 2011; Pittiruti et al., 2009) In 2012, a secondary 

analysis of a large RCT by Timsit and colleagues, found the disruption of catheter 

dressings was common and an important risk factor for catheter-related infections. 

(Timsit et al., 2012a) Likewise, previous studies found that a prolonged time interval 

between dressing changes did not lead to an increased number of CVAD- associated 

infections and even contributed to reduced occurrence of insertion-site inflammation 

occurrence. (Engervall et al., 1995; Laura et al., 2000; Vokurka et al., 2009; Young et 

al., 1988) Each of the new dressing and securement devices under development and 

used in the clinical setting need to be assessed for dressing change requirements 

independently. It is important that old recommendations, established prior to the use of 

higher-grade adhesives, different materials and medication- impregnation, do not roll 

forward to be recommended for new generation products without being evaluated. 

Discussion 

Patients requiring a CVAD are a vulnerable and heterogeneous population. A ‘one size 

fits all’ approach is inappropriate when considering CVAD securement and dressing 

products to prevent CVAD failure. An example of this is the broad application of CHG-



 172 

impregnated dressing products. The meta-analyses and RCTs evaluating their 

effectiveness to prevent CVAD-associated infections are heavily dominated by ICU 

patients with short-term percutaneously inserted CVAD, and other short-term vascular 

access devices. (Arvanati et al., 2012; Garland et al., 2001; Maki et al., 2000; Safdar et 

al., 2014; Timsit et al., 2009; Timsit et al., 2012b) The generalizability of this evidence 

outside of these populations and devices should be cautioned. Several case reports and 

RCTs have been published documenting the genuine risk of contact dermatitis, 

especially for neonates and patients with impaired skin (e.g., radiation- induced injuries). 

(Garland et al., 2001; Weitz et al., 2013) 

Different CVADs, in different sized populations, inserted in different positions 

require a distinct securement and dressing approach. For example, the limited space 

available to secure and dress neonatal or infant jugular CVAD result in some 

securement devices being unfeasible. Different CVAD types may also have dissimilar 

tensile strength requirements due to their length, insertion site and the weight of the 

attached administration sets. Non-tunnelled PICCs, in comparison to tunnelled 

subclavian CVADs, may have higher strength requirements due to limb movement, 

insertion technique and the tunnelling providing increased securement due to tissue 

engraftment. Cuffed CVADs include a short Dacron cuff that is designed to inhibit 

ascending migration of organisms from the skin, and to stimulate tissue growth around 

the cuff so as to anchor the device. (Barnacle et al., 2008) This cuff provides an internal 

security, which is maximally effective from four weeks after insertion.  

Clinical trials have questioned the need for a dressing or securement device after 

this initial stabilization period finding equivalence in CVAD-associated BSI incidence 

between dressing and no-dressing groups. Lawrence and colleagues (Lawrence et al., 

2014) described a CVAD-associated BSI rate of 0.08 per 1,000 catheter days for those 
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with no dressing and 0.15 per 1,000 catheter days for those with a dressing and Olson 

and colleagues (Olson et al., 2004) described 50% incidence of CVAD-associated BSI 

in each group. Comparatively, Chambers and colleagues (2005) reported a reduction in 

exit site and tunnelled CVAD infections when using CHG-impregnated dressings (9%) 

in comparison to no dressing (43%; OR 0.13; 95% CI 0.04–0.37; p < 0.001) and a 

reduction in premature removal of CVADs in the CHG dressing group (37%) than in 

the no dressing group (10%; OR 0.20; 95% CI 0.53–0.07; p < 0.05). But there was no 

statistical difference in all-cause CVAD failure or CVAD-associated BSI. CVAD 

structure (e.g., the presence of cuffs and tunnelling) needs to be considered when 

deciding between CVAD securement and dressing requirements. 

Patients with impaired skin integrity also provide great challenges when 

choosing the appropriate CVAD securement and dressing products. This includes 

patients with inflamed skin, adhesive-related skin stripping, weeping or purulent 

drainage. These conditions are prevalent throughout patients requiring CVADs; 

especially the elderly, premature infants and patients undergoing allogenic bone marrow 

transplant. (Wall, Divito, & Talbot, 2014; Zhai, Meier-Davis, Cayme, Shudo, & 

Maibach, 2012) Patient and clinical characteristics including facial or body hair, 

sweating, use of heating or cooling treatments also complicate CVAD securement and 

dressing strategy suitability. These complexities demand the tailoring of CVAD 

securement and dressing products, for greatest effectiveness at preventing CVAD 

failure. There are currently no formal guidelines, algorithms or research studies to guide 

clinicians when making these multifaceted decisions. Clinicians, family members and 

patients require evidence and education to ensure these complex choices in CVAD 

securement and dressing are made appropriately, to prevent CVAD failure throughout 

the care continuum.  



 174 

Estimation of costs associated with CVAD securement and dressing is complex. 

Simple comparisons are often evident in the literature, where direct comparisons are 

made between simple products and advanced products. It is reasonable that advanced 

products may cost more in the short term, including immediate purchasing of the 

product and the education requirements associated with their proper application. 

However, long-term costs associated with reductions in CVAD failure need to be 

considered.  

Crawford and colleagues (2004), Schwebel and colleagues (2012) and Ye and 

colleagues (2011) described the cost-benefit to hospitals and the international 

community when using CHG-impregnated products, in terms of the reduction of 

catheter-associated infections and their sequelae countered with increased contact 

dermatitis. Cost-benefit analysis considering other types of CVAD failure using the 

myriad of other products available has not been established. To truly estimate the cost 

burden associated with premature CVAD failure, future appraisals need to consider the 

financial burden of increased length of stay, the materials, staff and staff-time associated 

with insertion of replacement CVADs and the consequences to delayed treatments (e.g., 

antibiotic blood levels falling below therapeutic requirements). The product and 

associated failure financial costs may also differ between world regions, so estimates 

may be unstable. 

In comparison to the traditional separation of the securement and dressing 

domains of CVAD products (e.g., sutures, polyurethane dressings), recent years have 

seen the advent of combined securement and dressing products (e.g., SorbaView 

SHIELD®, Centurion Medical Products, Williamston; PICC/CVC Securement systems, 

3MTM, St Paul). The unification of these previously separate domains has implications 

for the associated costs of the products. This may be in a reduction in the overall 
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requirement for individual and/or supplementary products, and the cost associated with 

skilled labour used during their application (e.g., medical time with suturing). Further 

research is required to test the effectiveness of these products to reduce CVAD failure, 

and their related cost-effectiveness. 

Conclusion 

Patients requiring CVADs are complex, heterogeneous and vulnerable to complications. 

A requirement for a single CVAD only until the completion of treatment should be a 

goal for each patient requiring their insertion. CVAD securement and dressing products 

provide an important contribution to the prevention of CVAD failure. However the 

individual efficacy of each dressing and securement type needs to be ensured for each of 

the populations requiring them. A blanket approach to CVAD securement and dressing 

is not functional, economic or appropriate. Further research within this field is required, 

to ensure optimal health outcomes for patients worldwide and the efficient use of scant 

healthcare resources. 

Relevance to clinical practice 

The majority of clinicians utilise CVADs to administer treatment, but the securement 

and dressing of CVAD is frequently undervalued or low in priority. Some laboratory 

and clinical research is available to inform practice in this area, but gaps between the 

bench and the bedside are apparent and bidirectional. Laboratory-based studies need to 

be actively informed by current clinical questions, and the application of available 

evidence to the bedside needs to be further encouraged. Clinicians need to consider the 

individual risk factors and priorities for patients, in order to make an informed decision 

for an appropriate CVAD securement and dressing product. Healthcare institutions need 

to consider the long-term costs associated with the use of CVAD dressing and 
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securement devices, rather than the simple short-term purchasing costs. Innovative 

solutions to reduce CVAD failure are becoming available, and clinicians need to be 

supported and informed to implement them to improve patient outcomes. 
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Paediatric acute care considerations in CVAD dressing and securement 

The systematic and narrative reviews contained within this Chapter have included adult, 

paediatric and neonatal populations, however the physiology and pathophysiology of 

children requiring acute care necessitates a specialist focus. Interventions based on high-

quality evidence in adults should not automatically be recommended for children 

(Harron et al., 2011). This has been reflected in the international CPG for the 

management of CVADs. Several of the individual practice recommendations within 

these CPGs specifically exclude the application to the paediatric population, due to a 

lack of paediatric-focussed research (Loveday et al., 2014; O’Grady et al., 2011). The 

Cochrane Applicability and Recommendations Methods Group 

(http://www.armg.cochrane.org) asserts that interventions require paediatric-specific 

evidence where physiological or technical reasons cause different benefits or harms, 

where different identifiable factors may cause effect modification or where clinically 

important differences in absolute risk exist in children compared with adults (Harron et 

al., 2011).  

There are specific paediatric attributes that may impact the effectiveness of 

dressing and securement products to prevent or reduce CVAD failure. Younger age is 

associated with higher risk of infection because of immature immune systems, and 

different skin pathogens (Cecinati, Brescia, Tagliaferri, Giordano, & Esposito, 2012; 

Fratino et al., 2005). Behaviours due to younger age are also associated with an 

increased risk for accidental dislodgement of CVAD, and securement and dressing 

products (Jumani et al., 2013). For example, young children crawling, or very active 

pre-schoolers will evidence different pull-put forces compared with walking and largely 

sedentary adults. CVADs used in the paediatric population also commonly involve 

femoral vein placement, while this placement is avoided in adults (O’Grady et al., 

2011). Femoral CVADs are at high risk of contamination with faecal matter and urine, 

http://www.armg.cochrane.org/
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so it is important that CVAD dressing products maintain their integrity. In addition the 

CVAD bodies themselves are much smaller gauges and lengths in children, thus 

different products may be required to hold them in place than in adults. For the neonatal 

population, CHG sensitivity due to incompletely developed skin results in an increased 

risk of skin irritation or damage (Ullman et al., 2015c; Ullman et al., 2016b), and 

concerns also exist about young babies absorbing the CHG through their skin (Hill et 

al., 2010). This may preclude the application of CHG products to portions of the 

paediatric acute care population. 

Of the 22 RCTs included in the Cochrane Review, only two included paediatric 

acute care patients (Levy et al., 2005; Shivnan et al., 1991), and two included neonatal 

participants (Garland et al., 2001; Hill et al., 2010). This small number of studies limits 

the generalizability of the review conclusions within the paediatric acute care 

population. In addition, even within these paediatric and neonatal studies, several 

different products were studied, thus making overall conclusions limited since meta-

analysis was not possible. 

One of the RCTs included within the Cochrane Review, Levy et al. (2005) 

compared the effectiveness of SPU alone with SPU+CHG in 145 paediatric cardiac ICU 

patients to prevent CVAD-related BSI (primary outcome), CVAD tip colonisation, 

CVAD dwell duration and skin irritation. This study specifically focussed on non-

tunnelled, subcutaneously inserted CVADs. Although underpowered for these 

comparisons, the authors found no significant differences between groups in the 

incidence of CVAD-related BSI (SPU 4.2%; CHG 5.4%; p = 1.0) or CVAD tip 

colonisation (SPU 18.3%; CHG 10.8%; p = 0.24), with similar mean CVAD dwell 

durations (SPU 4.35 days ±2.2; CHG 4.67 days ± 1.91; NS). Skin irritation developed in 

one SPU group participant (1.5%), and four CHG group participants (5.4%), but this 
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difference was not statistically tested. The erythema was mild, diagnosed as contact 

dermatitis, and did not require a change in the dressing or removal of the CVAD. As 

assessed in the Cochrane review, the study had unclear to high risk of bias with no 

reporting of allocation concealment, as well as significant attrition and inconsistent 

reporting of outcomes. Also, as stated, the sample size had inadequate power to test the 

primary outcome of CVAD-related BSI. Finally, as the study only compared the 

effectiveness of the products for non-tunnelled CVADs, the results cannot be 

universally applied to tunnelled, cuffed CVADs. 

Shivnan et al. (1991) compared the effectiveness of SPU with sterile gauze and 

tape for the prevention of CVAD-related BSI (primary outcome), CVAD site infection 

and CVAD site colonisation in the dressing and securement of tunnelled, cuffed 

CVADs in patients undergoing BMT. While they included patients between two and 60 

years of old, they did not provide separate results for the paediatric cohort of their study. 

Overall, the researchers found comparable rates of CVAD site colonisation (individual 

results not provided; p = 0.27), CVAD-related BSI (SPU 2%, sterile gauze 0%; p = not 

provided), CVAD site infection (SPU 2%; sterile gauze 4%; p = not provided). This 

study was at unclear to high risk of bias due to a lack of reporting surrounding 

allocation concealment and random sequence generation, inadequate blinding of 

outcome assessment, and sponsorship by the SPU product manufacturer. These results 

are not easily generalisable to the paediatric acute care population with tunnelled, cuffed 

CVADs in 2016 for several reasons. Specifically, the study excluded children less than 

two years of age, they did not separate the paediatric data, and SPU products, and other 

CVAD management practices, have changed since this study was completed. 

To ensure the comprehensiveness of this literature review, a systematic search 

was performed to identify studies using research studies of other than RCT design that 
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had examined the effectiveness of CVAD dressing and securement in paediatric acute 

care. This aimed to include clinical controlled trials, cluster randomised, time series, 

case-control, and prospective and retrospective cohort studies. It was conducted using 

electronic bibliographic databases of PubMed and CINAHL. MeSH developed for 

searching were “central venous catheters” and “dressing” and “pediatrics”. The search 

was limited to English language and publication in the last ten years to ensure 

relevance. Studies were eligible for inclusion if they examined and reported outcomes 

for any CVAD type; compared the effectiveness of dressing and/or securement 

products; and studied patients less than 18 years of age. There were no restrictions 

placed in terms of patient underlying condition. After removal of duplicates of the eight 

records found in the search, no study was identified that was either a clinical controlled 

trial, cluster randomised, time series, case-control, descriptive or an observational 

cohort study of CVAD dressing and securement in paediatric acute care. So no 

additional review could be performed from this perspective. 

In summary, studies in this field have not adequately compared the effectiveness 

of dressing and securement products for the prevention of CVAD failure and 

complication in paediatric acute care. There have been only four RCTs, most had small 

sample sizes that were unlikely to statistically detect differences between groups, 

differing methodology, risk of bias, different outcome measures and different treatment 

comparisons. No studies focussed on tunnelled, cuffed CVADs across all paediatric 

populations, or on the innovative dressing and securement products of TA, ISD or SSD. 

The studies do not enable a clear recommendation upon which clinicians can base their 

practice. The undertaking of further paediatric-focussed research for the prevention of 

CVAD failure and complication via effective dressing and securement is necessary. 
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Conclusion 

Despite guidance by international CPGs, complications associated with paediatric 

CVAD management remain widespread. CPGs have provided detailed 

recommendations on several aspects of CVAD management, however many are 

inconsistent, based upon low quality evidence and restricted to non-paediatric 

populations. Previous surveys of paediatric nursing leaders have demonstrated that 

multiple aspects of CVAD management are not in accordance with CPG 

recommendations. However, because of methodological limitations, it is not known if 

these reports are indicative of actual paediatric CVAD management practices. 

Many products are available to dress and secure CVADs, aiming to reduce 

CVAD complications by providing an effective barrier to microbial colonisation and the 

minimisation of motion. CHG products have been demonstrated to effectively reduce 

CVAD-associated BSI within the critical care population; however this is not 

generalisable to other CVAD types and populations. There are also many novel CVAD 

securement and dressing products available, however there is minimal evidence 

regarding their effectiveness. Paediatric patients requiring CVAD are a specific 

population with particular needs for dressing and securement, and CVAD dressing and 

securement products need to be comprehensively tested for appropriateness and 

effectiveness to prevent complication amongst these populations.  

These literature reviews have clearly identified evidence and practice gaps, and 

has led to the development of the PhD study overarching aim which is to investigate 

effective CVAD management practices to reduce the incidence of CVAD-associated 

complications in Australian paediatric facilities. The objectives were to: 

1) Identify current clinical management and complication for CVADs within 

Australian paediatric facilities; 
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2) Evaluate the feasibility of launching a full-scale efficacy trial of CVAD 

securement and dressing products within acute care paediatrics; and 

3) Provide baseline estimates of the effectiveness of dressings and securement 

products on CVAD complication and failure for children with CVAD in acute 

care.  

The research was accomplished in two phases: a point prevalence audit and 

survey of CVAD management practices; and a pilot RCT of dressing and securement 

for paediatric tunnelled, cuffed CVADs. The next chapter will describe the methods to 

achieve the PhD study aim and objectives. 
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Chapter 4 Methodology 

Introduction 

This chapter describes the methods that have been used to achieve the aim and 

objectives. This includes the conceptual framework, research objectives, questions and 

hypotheses, research designs, data analysis and data collection methods. It also 

describes the study sample and recruitment strategy, study interventions, outcome 

variables and ethical considerations.  

The research protocol of the second phase of the PhD has been published, and this 

paper can be found in Appendix A. 

 Ullman, A. J., Kleidon, T., Gibson, V., Long, D., Williams, T., McBride, C.A., 

Hallahan, A., Mihala, G., Cooke, M. L., Rickard, C. M. (2016). Central venous 

Access device SeCurement And Dressing Effectiveness (CASCADE) in 

paediatrics: protocol for pilot randomised controlled trials. BMJ Open 2016, 

6(6). doi: http://dx.doi.org/10.1136/bmjopen-2016-011197 

BMJ Open has a 2015 Impact Factor of 2.562, and is ranked 31 out of the 151 journals 

in the subject category of “Medicine, General and Internal” (“2015 Journal Citation 

Reports® Science Edition,” 2016). The publication includes the protocol for additional 

pilot trials examining trial feasibility in other CVAD types (PICC, non-tunnelled 

CVAD) which were undertaken outside the scope of this PhD. 

Conceptual framework 

The research approach is underpinned by the Canadian Critical Care Trials Group’s 

(CCCTG’s) Model of Programmatic Research (Marshall & Cook, 2009) (see Figure 

4.1) and United Kingdom’s Medical Research Council’s Developing and evaluating 

complex interventions framework (Craig et al., 2008) (see Figure 4.2). The CCCTG’s 

systematic model incorporates an integrated series of investigations, using a variety of 
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complementary methods, to ensure a comprehensive process of research, aiming to 

integrate developed knowledge to inform clinical practice and improve patient outcomes 

(Marshall & Cook, 2009).  This model provided guidance regarding the appropriate 

development of the research programme’s phases, to maximise their quality and 

potential impact upon clinical outcomes.  

 

Figure 4.1: Canadian Critical Care Trials Group’s Model of Programmatic Research 
(Marshall & Cook, 2009) integrating PhD research approach Reproduced with 

permission from study authors, 2016 
 

In addition, the Medical Research Council’s framework (Craig et al., 2008) highlights 

that complex interventions may contain several interacting components within the 

experimental and control interventions and tailoring of the intervention is required when 

delivering the intervention (Craig et al., 2008).   In accordance with the CCCTG model, 
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it focuses on the development of interventions systematically, with careful phased 

testing including pilot studies, exploratory and definitive evaluations, wide and 

persuasive dissemination of results and continuing research to monitor implementation 

(Craig et al., 2008). 

 

Figure 4.2: Medical Research Council framework for the evaluation of complex 
interventions (Craig et al., 2008) Reproduced with permission from study authors, 2015 
 

Three systematic reviews were undertaken to identify what was currently known 

regarding paediatric CVAD complications and CVAD dressing and securement. The 

systematic review of paediatric CVAD complications was also used to identify current 

prevalence and risk factors. An observational study was performed in order to 

understand the current practice of CVAD management, including the national 

prevalence of CVADs, complications and associated risk factors. Finally, a pilot 

randomized controlled trial (RCT) was undertaken to test the feasibility of undertaking 

a full-scale randomized controlled efficacy trial of tunnelled, cuffed CVAD dressing 

and securement in paediatric acute care, to reduce complications. This pilot study was 

undertaken to identify potential problems of acceptability, compliance, intervention 

implementation, recruitment and retention and underpowered samples in a future, 

potential efficacy trial (Craig et al., 2008; Marshall & Cook, 2009).  
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Aim 

The overarching aim of this PhD research was to investigate CVAD management 

practices for reducing the incidence of CVAD-associated complications in Australian 

paediatric facilities. The objectives were to: 

1)  Identify current clinical management and complications for CVADs within 

Australian paediatric facilities; 

2) Evaluate the feasibility of launching a full-scale efficacy trial of CVAD 

securement and dressing products within acute care paediatrics using pre-

defined feasibility criteria for recruitment, retention, protocol fidelity and 

product acceptability; and 

3) Provide baseline estimates of the effectiveness of dressings and securement 

products on CVAD complication and failure due to infection, occlusion, 

dislodgement, thrombosis, or breakage, for children with tunnelled, cuffed 

CVAD in acute care.  

The dressing and securement products tested were: 

1. Bordered polyurethane (BPU) and suture (standard care); 

2. Tissue adhesive (TA) and BPU; 

3. Sutureless securement device (SSD), BPU and suture; and 

4. Integrated securement dressing (ISD) and suture. 

Research questions and hypotheses 

The research was accomplished in two phases, addressed the following research 

questions, and tested the related hypotheses: 

Phase One: A point prevalence audit and survey of CVAD management practices  

Question 1 

What is the prevalence of CVADs, CVAD characteristics and use in Australian 

paediatric hospitals? 
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Question 2 

What is the current clinical management of CVADs in Australian paediatric hospitals? 

Question 3 

Which clinical and CVAD characteristics are associated with recent CVAD 

complications in Australian paediatric hospitals? 

Question 4 

What local guidelines and resources are available to support CVAD management across 

Australian paediatric facilities? 

 

Phase Two: Pilot RCT of dressing and securement for paediatric tunnelled, cuffed 

CVAD 

Question 5 

Is it feasible to undertake a full-scale efficacy trial to compare the effectiveness of 

dressing and securement products to prevent CVAD complications and failure 

(including infection, occlusion, dislodgement, thrombosis, or breakage) for children 

with tunnelled, cuffed CVADs in acute care?  

Question 6 

Are new CVAD dressing and securement products acceptable to healthcare staff and 

parents of children with tunnelled, cuffed CVADs in acute care? 

Question 7 

How effective are three new dressing and securement products, compared to standard 

practice (bordered polyurethane (BPU) and suture), at preventing CVAD failure for 

children with tunnelled, cuffed CVAD in acute care?  
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Question 8 

What are the comparative dwell times and complication rates of three new products, 

compared to standard care, used to secure and dress the tunnelled, cuffed CVADs for 

children in acute care? 

 

Primary hypothesis 

The feasibility of a full-scale efficacy trial would be established by a demonstration 

that: greater than 75% of patients screened were eligible; greater than 70% of eligible 

participants agreed to enrol; greater than 90% of participants in the intervention groups 

received their allocated treatment; less than 5% of participants were lost to follow up; 

there was less than 5% missing data; parents and healthcare staff reported > 80% 

satisfaction and acceptability with the study products (Leon, Davis, & Kraemer, 2011; 

Thabane et al., 2010). 

 

Secondary hypotheses 

Hypothesis 1 

Children, whose tunnelled, cuffed CVADs are dressed and secured with TA, SSD or 

ISD will have less device failure (cessation of function prior to completion of 

treatment), and complications (a composite measure of infection, occlusion, 

dislodgement, thrombosis, or breakage) compared to children receiving standard care 

(BPU and suture; controls). 

Hypothesis 2 

Children whose tunnelled, cuffed CVADs are dressed and secured with TA, SSD or ISD 

will have longer device life compared to patients receiving standard care (BPU and 

suture). 
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Hypothesis 3 

Children whose tunnelled, cuffed CVADs are dressed and secured with TA, SSD or ISD 

will have less CVAD infection, occlusion, dislodgement, thrombosis, or breakage, 

compared to patients receiving standard care (BPU and suture). 

Part of the feasibility assessment will be to assess the acceptability of the clinical 

use of the CVAD dressing and securement products for healthcare staff and parents of 

children with tunnelled, cuffed CVAD in acute care. Hypotheses were not made for the 

Phase One point prevalence audit and survey. 

Design 

The study consists of two phases. The first phase of the study was a point prevalence 

audit and a cross-sectional survey of CVAD insertion and management practices, 

sampling tertiary paediatric hospitals in Australia using validated data collection tools.

 The second phase was an RCT. This was an external pilot, independent from a 

proposed full, multi-site efficacy trial, and therefore has been analysed and published 

independently. Participants were randomly allocated to receive CVAD securement and 

dressing from one of four treatment arms; one control, and three experimental: 

1. The control, standard care group: BPU and suture; 

2. TA group: TA and BPU; 

3. SSD group: SSD, suture and BPU; and 

4. ISD group: ISD and suture. 

 The remainder of this chapter will provide a detailed account of the research 

methods. 
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Phase One: Point prevalence audit and survey of CVAD management 

practices 

Setting 

A point prevalence audit and a survey of CVAD practices were conducted throughout 

tertiary paediatric hospitals in Australia. The study included six hospitals: the Royal 

Children’s Hospital (Melbourne); Sydney Children’s Hospital (Randwick); Lady 

Cilento Children’s Hospital (Brisbane), Princess Margaret Hospital (Perth); Women’s 

and Children’s Hospital (Adelaide); and the Gold Coast University Hospital (Gold 

Coast). Within these sites, five hospitals are designated as tertiary paediatric hospitals, 

and one (Gold Coast University Hospital) provides tertiary paediatric care within a 

larger mixed adult, paediatric and neonatal hospital. Each provides care for children 

from birth to 14 years on first admission and up to 18 years of age on subsequent 

admission. Neonates requiring care immediately after birth are generally cared for in 

maternity hospitals, with a small minority being transferred to a paediatric hospital after 

prolonged maternity hospital admission (Department of Health Western Australia, 

2009). Paediatric tertiary referral hospitals provide specialist consultative care for 

paediatric patients. Typically patients are referred from primary or secondary care 

centres (e.g., regional facilities) to a tertiary hospital for complex management. For 

paediatric tertiary referral hospitals this includes the provision of a paediatric intensive 

care service (Australian Institute of Health and Welfare, 2012). 

Sampling framework 

Population 

As previously described, the study population consisted of six tertiary paediatric 

hospitals in Australia, and patients admitted to the hospitals on a single day.  
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Sample 

All patients admitted as inpatients in tertiary paediatric hospitals in Australia at the time 

of the study were invited to participate in the point prevalence audit, and senior nurses 

provided additional whole of site information via survey. For the point prevalence audit, 

all patients admitted to the hospitals (with or without CVAD) on the study day were 

counted, to provide a denominator for the audit. Additional, extensive data collection 

was undertaken for paediatric patients (< 18 years) with CVAD in situ (including 

peripherally inserted central catheters (PICCs), haemodialysis catheters, non-tunnelled 

percutaneously CVADs, tunnelled CVADs, umbilical catheters, totally implantable 

CVAD), with a legal guardian and/or patient giving verbal or written consent. All other 

vascular access devices (e.g., peripheral or arterial catheters) were not included.  

Audit and survey tool development 

The point prevalence audit data collection tool was originally designed and trialled by 

Russell, Chan, Marsh, and New (2013) and New, Webster, Marsh, and Hewer (2014), 

with variables added by Alexandrou (2014) (with permission gained from each group), 

and optimised for the paediatric population. The tool can be found in Appendix I, and 

included information regarding the CVAD types; health professional type who inserted 

the CVAD; the indication for CVAD insertion; body entry site of CVAD insertion; use 

of dressing and securement products; needleless connectors; infusates; flushes; site 

assessment and documentation; and presence of CVAD-associated complications in the 

last seven days. A pictorial explanation of differing CVAD dressing and securement 

devices was also provided (see Appendix J). CVAD-associated complication definitions 

were in accordance with benchmark and best-practice literature (Ullman, Marsh, 

Mihala, Cooke, & Rickard, 2015d) and included:  
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 CVAD-associated bloodstream infection (CABSI): A laboratory confirmed 

bloodstream infection (LCBSI) that is not secondary to an infection at another 

body site (excludes Mucosal Barrier Injury LCBSI) with CVAD in place for 

greater than two days when all elements of LCBI were first present together 

(Centers for Disease Control and Prevention, 2014); 

 CVAD local site infection: Purulent phlebitis or cellulitis of CVAD site 

confirmed with a positive (greater than 15cfu) CVAD site or tip culture, but with 

negative or no blood culture (Centers for Disease Control and Prevention, 2014); 

 Dislodgement: Partial: change in CVAD length from hub to tip, as measured by 

marking closest to hub, or CVAD removal because tip is no longer in superior 

vena cava (diagnosed by xray/leakage from site on injection). Complete: CVAD 

body completely leaves the vein (Fratino et al., 2005); 

 Occlusion: Partial: at least one lumen cannot be flushed and/or aspirated, and is 

not resolved after anticoagulant dwell. Complete: all lumens cannot be flushed 

and/or aspirated despite anticoagulant dwell (Fratino et al., 2005); 

 CVAD-associated thrombosis: Development of thrombosed vessel (partial or 

complete) at the CVAD site diagnosed on ultrasound as requested by the treating 

clinician for suspected thrombosis (Fratino et al., 2005); and 

 CVAD breakage: Visible split in CVAD material diagnosed by leakage, which 

cannot be repaired, or radiographic evidence of extravasation from a portion of 

the CVAD into tissue (Fratino et al., 2005). 

 Patient demographic information, including gender and age, were collected. The 

described information was collected from a combination of direct clinical examination, 

conversation with patients (where feasible), family members, and clinical staff, as well 

as review of bedside charts, patient charts and electronic records.  
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 Information regarding local management policies and guidelines in effect at each 

site was also collected, using compilations and variations of the surveys previously 

developed by Rickard et al. (2004); Ullman et al. (2014) and Alexandrou (2014). A 

copy of the site survey can be found in Appendix K. The data collected included 

CVAD-associated supplies provided by the hospital and hospital-wide policies in 

regards to frequency of specific CVAD maintenance procedures (e.g., dressing 

replacement). 

Content validity, feasibility and inter-rater reliability 

To ensure the tools’ completeness, accuracy and practical utility (Rattray & Jones, 

2007), prior to use, both data collection tools were assessed for content validity and the 

point prevalence audit tool was assessed for feasibility and inter-rater reliability (IRR). 

Content validity was achieved by a review of the surveys’ items by five experts in the 

field of paediatrics, vascular access and/or evidence-based practice. Their feedback was 

provided using a four-point level of agreement surrounding the relevance of individual 

audit criterion, and the appropriateness of the answer responses (when applicable). A 

Scale Content Validity Index (S-CVI) (Lynn, 1986; Polit, Beck, & Owen, 2007) was 

then calculated to represent the proportion of items on the instrument that achieved a 

rating of high or quite relevant by all content experts. Experts also recommended 

whether an item needed deletion, major revision, minor revision, or kept unchanged. 

Overall, the experts found all audit and survey criteria to be highly relevant (S-

CVI=100% audit; 100% survey), the answer responses appropriate (S-CVI=93.3% 

audit; 95% survey), with minor improvements recommended for seven audit items 

(23.3%) and three survey items (15%) with no improvements needed. No items were 

recommended for major improvements or deletion. This feedback was then used to 

revise and strengthen the data collection tools. 
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Feasibility and IRR testing of the audit tool was performed by piloting the tool 

at one of the hospital sites. A brief training session, including the provision of 

educational resources, was undertaken to clarify process, and ensure consistency of 

approach to patient assessment and criteria definitions during the audit (Liddy, Wiens, 

& Hogg, 2011). Three pairs of clinicians sequentially and independently audited three 

ward areas using the data collection sheets. These paired, completed sheets were then 

compared, and the data were then used to compute an index of agreement between the 

observers to ensure internal consistency (Griffiths & Murrells, 2010; Hallgren, 2012; 

Landis & Koch, 1977). A high level of agreement between the raters was found, with a 

Cohen κ of 0.87 (p < 0.001, 95% confidence interval (CI) 0.78, 0.96) (Landis & Koch, 

1977). Overall, the six clinicians reported that it took 15-20 minutes to complete the 

audit per participant, that the data were readily available for the majority of participants, 

and the terminology used was well-defined and easy to understand (Bannigan K & 

Watson R, 2009). 

Process 

Each hospital site identified an appropriate day to audit, in accordance with local 

hospital requirements and resourcing. As per the pilot, education and familiarisation 

with the data collection tool were undertaken prior to the study day. On the day of data 

collection, the site investigator and team screened all patients admitted to the study site, 

and audited all patients with a CVAD, including informed consent where required (see 

CVAD Point Prevalence Audit Screening Log; Appendix L). Pairs of data collectors, 

who regularly manage CVADs in paediatric daily practice, assessed each patient 

together. In order to maximise patient access, where ever possible assessments took 

place between 0700 and 1300h. (Russell et al., 2013) 
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A senior vascular access or infection control clinician was identified at each site 

and completed the site survey within a month of the audit date. Both the point 

prevalence and survey data collection sheets were then scanned and emailed to the 

primary investigator, for central database entry.  

Data analysis 

Continuous variables were described as mean/median, and standard deviation 

(SD)/interquartile range (IQR) values. Categorical data were described using 

frequencies and percentages. Results are reported per device, per patient, or per survey 

respondent as appropriate. Associations between complications and clinical or device 

characteristics were assessed using Fisher’s Exact Test, Chi Square or Mann-Whitney U 

Tests, as appropriate for sample size, distribution and data. Test values of p < 0.05 were 

considered significant. Data were analysed using PASW 22.0 (SPSS Inc, Chicago, IL). 

Missing data were described throughout the results tables. 

Ethics and institutional considerations 

For Phase One of the research, approval was gained prior to study commencement 

through the Griffith University Human Research Ethics Committee (HREC; 

NRS/34/13/HREC), and the participating study sites (Royal Children’s Hospital, 

Melbourne; Sydney Children’s Hospital, Randwick; Lady Cilento Children’s Hospital, 

Brisbane; Women’s and Children’s Hospital, Adelaide; and the Gold Coast University 

Hospital, Gold Coast). According to NHMRC (National Health and Medical Research 

Council, the Australian Research Council, & the Australian Vice-Chancellors’ 

Committee, 2013) documents, Phase One met the criteria of a quality/audit review of 

practice and did not require full ethical review. In particular, the project did not breech 

any of the following key points outlined in the aforementioned document:  
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1. The project did not pose any risks for participants. 

2. The project did not impose a burden on participants beyond that experienced in their 

routine work. 

3. The project did not breach the confidentiality of any individual’s personal 

information, beyond that experienced in the provision of routine work. 

4. The project did not involve any randomisation or the use of a control group or a 

placebo. 

5. The project did not potentially infringe the rights, privacy or professional reputation 

of carers, healthcare providers or the institution. 

 The Princess Margaret Hospital (Perth) required registration and approval as a 

quality improvement initiative, rather than an ethics approval, and this was achieved. 

All of the HREC approvals can be found in Appendix M. Consent for participation in 

the study was achieved via written or verbal consent by the legal guardian and child (if 

developmentally appropriate), depending upon local institutional and ethics 

requirements for clinical audits. Where locally required parents/legal guardians were 

given an Information Sheet and adequate time to read, consider and an opportunity to 

ask questions (see Appendices N and O). All children were provided information 

regarding the studies and given the opportunity to provide consent for participation. 

When consent was given parents/legal guardians received a copy of the Information 

Sheet and/or Consent Form. 

 Participant confidentiality was ensured and anonymity guaranteed. Only 

aggregated data has been published and data is being stored according to National 

Health & Medical Research Council guidelines (National Health and Medical Research 

Council et al., 2013), stored under password protection within a secure on-line research 

database.  
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Phase Two: Pilot RCT of dressing and securement for paediatric tunnelled, 

cuffed CVAD 

Setting 

The study was initially conducted at the Royal Children’s Hospital, Brisbane, Australia; 

and, after local hospital mergers, the larger Lady Cilento Children’s Hospital, Brisbane, 

Australia. These are tertiary level, specialist paediatric teaching hospitals in 

Queensland, providing full-spectrum health services to children and young people from 

birth to 18 years of age. Referrals are accepted from throughout Queensland, northern 

New South Wales and the Pacific Rim. The case-mix is varied including haematology, 

oncology, general medical, general surgical, neurosurgical, trauma and liver transplant, 

and since the hospital merger, cardiac surgical procedures and cardiology.  

Sampling framework 

Population 

The study population consisted of children with tunnelled, cuffed CVADs inserted in 

the operating theatre at the Royal Children’s Hospital, and the Lady Cilento Children’s 

Hospital, Brisbane. Tunnelled, cuffed CVADs are used to provide vascular access to 

patients who require prolonged treatment, frequently due to oncological and 

haematological conditions (Mermel et al., 2009). Commonly known as Hickman® or 

Broviac® catheters, they are a silicone tube with a short Dacron cuff which is designed 

to inhibit the ascending migration of organisms and stimulate tissue growth to anchor 

the device (Barnacle et al., 2008; O’Grady et al., 2011). A pictorial example of a 

tunnelled, cuffed CVAD including the Dacron cuff is displayed in Figure 4.2. 
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Figure 4.3 A 4F single- lumen Hickman (Bard Access Systems, Salt Lake City, Utah) 

catheter for tunnelled central venous access (Barnacle et al., 2008) Reproduced with 
permission from study authors, 2014 

Sample 

The study sample was drawn from all patients admitted to the study sites who met the 

inclusion criteria. 

Sampling method 

Consecutively eligible patients were recruited during business hours when the 

researcher or Vascular Access Management Service (VAMS) were available. All 

screened patients were documented on the CASCADE Junior Screening Log (see 

Appendix P) 

Sample size 

Sample size (power) calculations are not valid for pilot trials (Hertzog, 2008), so were 

not undertaken in preparation for this trial. Forty-eight participants were recruited to the 
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study, providing 12 participants per study arm. The sample size calculations were 

developed in accordance with the recommendations by Julious (2005) and Hertzog 

(2008); to facilitate accurate estimates of feasibility and effect size while minimizing 

unnecessary costs, time and recruitment of future definitive study participants. 

Tunnelled, cuffed CVADs are typically long dwell lines, therefore each participant was 

studied for a large number of study days, enabling further extended examination of 

study protocol feasibility.  

Recruitment 

Patients were recruited and enrolled in the study according to the CONSORT 

(Consolidated Standards of Reporting Trials) Flow Diagram for randomised controlled 

trials (Schulz et al., 2011). Primarily, patients who were pre-operative and scheduled to 

have a CVAD inserted for treatment, and inpatients who already had a CVAD in place 

and required a replacement were recruited. The researcher screened patients daily and 

liaised with surgeons responsible for inserting the tunnelled, cuffed CVAD. The legal 

guardian or parent and, if appropriate, the child were approached for written informed 

consent by the researcher either the day prior to, or on the morning of the procedure. 

This was done within inpatient ward units throughout the hospitals.  

 Patients were eligible for inclusion in the study if they meet all the inclusion 

criteria, and no exclusion criteria: 

Inclusion criteria 

 Patient required the insertion of a tunnelled, cuffed CVAD for >24 hours; 

 Would remain admitted to the hospital for >24 hours; 

 Less than 18 years of age; and 
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 Parent or legal guardian, and child if developmentally appropriate, gave 

informed consent. 

Exclusion criteria 

 Non-tunnelled, peripherally inserted, or totally implanted CVADs or pulmonary 

artery catheters; 

 Current BSI; 

 CVAD was to be inserted through diseased, burned or scarred skin; 

 Allergy to study product; and 

 Previous study enrolment in the current hospital admission. 

Assignment to treatment groups 

After informed consent was given, an automated 24-hour web-based randomisation 

service was accessed, provided by the Griffith University Randomisation Service 

(https://www151.griffith.edu.au/). Randomisation was in a 1:1:1:1 ratio between the 

four study groups in varied block sizes that ensured 12 participants per group. This 

independent randomisation service safeguarded full compliance with best practice 

standards and guidelines, including allocation concealment until randomisation for each 

participant.  

After extensive pre-study and during study training, the inserting clinician was 

provided with the allocated dressing and securement product, which were applied 

directly after insertion. Documentation regarding allocation was performed in the 

hospital chart and additional replacement products provided for each participant. The 

researcher was provided with automatic emails from the randomisation service 

regarding each participants’ group allocation and undertook regular quality checks to 

ensure allocation integrity.  
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Tunnelled, cuffed CVAD insertion 

The tunnelled, cuffed CVADs were inserted by a fully qualified consultant paediatric 

surgeon, or a surgeon in an approved paediatric surgery programme (registrars or senior 

registrars) at the Royal Children’s Hospital or Lady Cilento Children’s Hospital 

operating theatres. All clinical staff involved in the CVAD insertion used standard 

Queensland Health policies to ensure compliance with best practice standards as 

documented in the “I-Care Guidelines: Tunnelled Central Venous Catheter” (Centre for 

Healthcare Related Infection Surveillance and Prevention & Tuberculosis Control, 

2013) and “Central venous catheters: nursing care and management of tunnelled (cuffed 

and non-cuffed) CVC in paediatric patients”(Children’s Health Services, 2011). This 

included the use of imaging facilities, an area where asepsis was able to be maintained, 

maximal barrier precautions, sterile full body drape and skin decontamination with 2% 

CHG in 70% alcohol or povidone iodine solution. 

The CVAD inserter selected the insertion site (e.g., jugular, subclavian), CVAD 

type (e.g., number of lumens) and approach (e.g., ultrasound guidance) based on clinical 

judgement of patient needs (Frasca et al., 2010). Tunnelled, cuffed CVADs have a 

single, double or triple lumen and range from 2.7 French to 12 French in calibre (Bard 

Access Systems, 2013; Barnacle et al., 2008) and consist of un-medicated silicone. The 

majority of tunnelled, cuffed CVADs are inserted through the internal jugular vein. The 

study sites used Cook® (Cook Medical; Bloomington, Indianapolis) catheters.  

All children who required the insertion of a tunnelled, cuffed CVAD were given 

a general anaesthetic, performed by a fully qualified anaesthetists or anaesthetic 

registrar. Subcutaneous lidocaine was standardly used for local anaesthesia. 

Percutaneous puncture with ultrasound guidance was the most common insertion 

method. Ultrasound guidance is used to provide visualisation of the underlying 
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vasculature and used during vein puncture. After venepuncture and blood aspirate, a 

guide-wire was advanced into the vein and the needle exchanged for dilators (Funaki, 

2008). Open cut-down technique guided by anatomic landmarks was used for difficult 

cases (Centre for Healthcare Related Infection Surveillance and Prevention & 

Tuberculosis Control, 2013). A tunnel was then created between the puncture/entry site 

in the neck and the desired exit site on the chest. Guidewires and dilators were used to 

place the CVAD tip at the cavoatrial junction or within the right atrium (Funaki, 2008). 

The entry site was then sutured with Prolene 3-0 sutures (Ethicon, New Jersey). CVAD 

patency was assured via aspiration of blood and fluoroscopic image. CVAD extension 

devices including three-way taps and needleless connectors were used as per standard 

Queensland Health practice.  

Control CVAD dressing and securement 

The control, standard care group had their CVAD dressed with a bordered polyurethane 

(BPU) dressing (Tegaderm® 1655 for smaller children, or 1616 for larger children; 3M, 

St Paul), and the CVAD external portion secured to the skin with Prolene 3-0 sutures 

(Ethicon, New Jersey) by the inserting surgeon in the operating theatre. This is in 

accordance with standard practice at the study sites (see Figure 4.4). 
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Figure 4.4 Standard care: Bordered polyurethane (BPU) dressing and suture application 

Experimental CVAD dressing and securement 

The PhD student, in collaboration with local clinicians, developed the intervention 

arms; taking into consideration current local practice, best available evidence, and the 

safety of all participants. The three experimental groups were: tissue adhesive (TA); 

sutureless securement device (SSD); and integrated securement device (ISD). 

Tissue adhesive (TA) group 

One to two drops of TA (Histoacryl®; B. Braun, Melsungen) was applied to the point of 

insertion, and one to two drops underneath the catheter hub by the inserting surgeon in 

the operating theatre. The surgeon then placed a BPU on top of the CVAD, as per 

standard care (Tegaderm 1655 or 1616®). No suture was used (see Figure 4.5).  
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Figure 4.5 Tissue adhesive and BPU application 

Sutureless securement devices (SSD) group 

As per standard care, to ensure safety during the pilot trial, the CVAD was first secured 

to the skin with Prolene 3-0 sutures. A clinician choice of SSD was then applied 

(Statlock® VFDSSP; Bard, Georgia or GripLok® 3601CVC; TIDI, Neenah WI), with a 

BPU placed on top of the CVAD (Tegaderm 1655 or 1616®) depending upon patient 

size (see Figure 4.6). 

  

Figure 4.6 Sutureless securement device (SSD), BPU and suture application 
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Integrated securement dressing (ISD) group 

As per standard care the CVAD was first secured to the skin with Prolene 3-0 sutures, to 

ensure safety during the pilot trial. Part one of a SorbaView SHIELD® (SV254; 

Centurion Medical Products, Williamston) was then placed on top of the CVAD. The 

second part of the SorbaView SHIELD® was then secured on top of the lumens and 

onto the participant’s skin (see Figure 4.7).  

 

 

 

 

 

 

 

 

 

Figure 4.7 Integrated securement dressing (ISD) and suture application 

Outcome measures 

Primary outcome 

The primary outcome of the research was feasibility of a full efficacy trial. This was 

established by composite analysis of elements of feasibility as described by Lancaster 

and colleagues (2004), Thabane and colleagues (2010) and Hertzog (2008). 

 Eligibility: Percentage of patients screened that are eligible;  

 Recruitment: Percentage of eligible patients who agree to enrol; 

 Retention and attrition: Percentage of participants who are lost to follow-up or 

withdraw from study; 

 



 206 

 Protocol adherence: Percentage of participants who receive their allocated treatment 

throughout their study participation; 

 Missing data: Percentage of data missed during study data collection; 

 Parent and healthcare staff satisfaction of the intervention arms: Using structured 

point-based questions; and  

 Sample size estimates: to be used to calculate a potential reduction in CVAD failure 

and CVAD complication (defined in the secondary outcomes) that include at least 

an absolute proportion of 5% in each of the experimental arms, in comparison to 

standard care. 

Secondary outcomes 

 CVAD failure: Cessation of CVAD function from any complication prior to 

completion of therapy. This composite measure incorporates the multifocal path to 

the same endpoint; CVAD failure; (Ullman et al., 2015d) 

 CVAD complication: a composite of infection, occlusion, dislodgement, thrombosis 

or breakage, which may or may not lead to CVAD failure. This composite measure 

incorporates the multifocal path to the same endpoint; CVAD complication. 

Definitions of the individual complications are: 

o Catheter-associated bloodstream infection (CABSI): A laboratory-confirmed 

bloodstream infection (LCBI) in a patient who had a central line within the 

48 hour period before the development of the BSI, and that is not related to 

an infection at another site. The CLABSI must meet one of the following 

criteria of LCBI:  

Criterion 1: Patient has a recognised pathogen cultured from one or more 

blood cultures and organism cultured from blood is not related to an 

infection at another site; or 



 207 

Criterion 2: Patient has at least one of the following signs or symptoms: 

fever (greater than 38 degrees C), chills, or hypotension, and signs and 

symptoms and positive laboratory results are not related to an infection at 

another site, and common skin contaminant is cultured from two or more 

blood cultures drawn on separate occasions. Examples of common skin 

contaminants: diphtheroids [Corynebacterium spp.], Bacillus [not B. 

anthracis] spp., Propionibacterium spp., coagulase negative staphylococci 

[including S. epidermidis], viridans group streptococci, Aerococcus spp., 

Micrococcus spp. (Centers for Disease Control and Prevention, 2014). 

Determined by blinded infectious disease specialist; 

o Local infection: Purulent discharge, or redness extending 1 cm beyond the 

site that prompts clinician to order CVAD removal, or commence 

antimicrobial therapy; 

o Dislodgement: Partial: change in CVAD length from hub to tip, as 

measured by marking closest to hub, or CVAD removal because tip is no 

longer in superior vena cava (diagnosed by xray/leakage from site on 

injection). Complete: CVAD body completely leaves the vein (Fratino et al., 

2005); 

o Occlusion: Partial – resolved: ≥ 1 lumens cannot be flushed and/or 

aspirated, but resolves after line clearance strategy; Partial – unresolved: ≥ 1 

lumens cannot be flushed and/or aspirated, and does not resolve after line 

clearance strategy; Complete: all lumens cannot be flushed and/or aspirated 

and does not resolve after line clearance strategy; 
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o CVAD-associated venous thrombosis: Development of thrombosed vessel 

(partial or complete) at the CVAD site diagnosed on ultrasound as requested 

by the treating clinician for suspected thrombosis (Fratino et al., 2005); and 

o CVAD breakage: Visible split in CVAD material diagnosed by leakage, 

which cannot be repaired, or radiographic evidence of extravasation from a 

portion of the CVAD into tissue (Fratino et al., 2005).  

 Infection (local, CABSI), dislodgement, occlusion, thrombosis and breakage: 

CVAD complications were also considered individually; 

 CVAD-related BSI (CRBSI): Laboratory confirmed with matched organism from 

blood and catheter tip culture (Centers for Disease Control and Prevention, 2014); 

 Securement dressing failure: Replacement in under seven days for loose, missing, 

bloodstained, diaphoresis or secretion soaked dressings; 

 CVAD and first securement dressing dwell time: Hours from insertion/application 

of CVAD/dressing-securement until removal;  

 Cost effectiveness: Estimates of direct product costs, including frequency of re-

application; and, 

 Safety: Skin rash, skin tears, blisters, pruritus, local or systemic allergic reaction 

(Ho & Litton, 2006) . 

Tunnelled, cuffed CVAD general management 

Tunnelled, cuffed CVAD management was performed by clinical staff using 

Queensland Health and Children’s Health Services standard policies (Centre for 

Healthcare Related Infection Surveillance and Prevention & Tuberculosis Control, 

2013; Children’s Health Services, 2011). This included the prompt removal of 

unnecessary devices, four-hourly insertion site assessment, neutral displacement 

mechanical valves, intravenous medication administration and 72-hourly administration 
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set changes for the majority of infusate types. All study products were changed weekly 

and as needed if soiled or loose, in accordance with current best practice 

recommendations (O’Grady et al., 2011). An absorbent dressing such as gauze was used 

(independent from the treatment arm) temporarily if the CVAD site was bleeding or 

oozing, or if the patient was diaphoretic, as recommended by the CDC (O’Grady et al., 

2011) and Queensland Health (Centre for Healthcare Related Infection Surveillance and 

Prevention & Tuberculosis Control, 2013). Standardised strips of non-sterile tape on the 

administration set were permitted in all groups, as per usual practice.  

Strategies to promote protocol adherence 

Protocol adherence was encouraged by ongoing education, audit and feedback. All 

healthcare staff involved in the insertion and management of tunnelled, cuffed CVAD 

were educated about the study protocol by the researcher prior to study commencement. 

Ongoing education and support was provided by the researcher to promote protocol 

compliance. Weekly audits and daily checks were undertaken by the researcher. Any 

breaks in protocol were documented and are reported in the study results. 

Data collection  

The researcher collected the data using direct entry via a web-based, data collection 

application called REDCap (Research Electronic Data CAPtureTM; Vanderbilt) access 

on electronic tablets (see Appendix Q). The feasibility outcomes surrounding eligibility, 

recruitment, retention and attrition, protocol adherence and sample size estimates were 

collected from the patient screening logs (see Appendix P) and REDCap. All patients 

screened for inclusion in the study had their hospital identification number, enrolment 

eligibility, recruitment and randomisation collected on a patient screening log, by the 

researcher. This log was kept on site at the hospitals.  
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Participants had their tunnelled, cuffed CVAD and dressing/securement device 

assessed daily by the researcher or a member of the hospitals Vascular Access 

Management Service (VAMS). Primary outcome data surrounding CVAD failure were 

recorded from participant assessment and medical records. Additional information was 

obtained from clinical staff and participant family members as required. Data required 

to assess CABSI, local infection and CVAD-related BSI were collected from the 

hospital pathology system.  

Parent and healthcare staff satisfaction and acceptability of products were 

assessed using a one to ten numeric rating scale (NRS).  The healthcare staff member 

responsible for applying the dressing and securement product were requested to score 

the ease of application. Later, the healthcare staff member responsible for removing the 

product were requested to score the ease of removal and overall confidence with the 

product. The parent of the participant was asked at the end of the study for their overall 

satisfaction and confidence with the study product, using a one to ten NRS of increasing 

satisfaction and confidence. These scales were not assessed for validity and reliability, 

however have been used in previous multi-centre trials of vascular access interventions 

to describe satisfaction and acceptability (Marsh et al., 2015; Rickard et al., 2015a; 

Rickard et al., 2015b). 

 Demographic data were collected to describe the participant group and enable 

comparisons to inform future generalisability. Data were also collected regarding 

patient and device-related characteristics that are known to increase the risk of CVAD 

complication and failure (Advani et al., 2011; Cecinati et al., 2012; Fratino et al., 2005; 

Jumani et al., 2013; Lorente, Huidobro, Martin, Jimenez, & Mora, 2004; Reichman & 

Greenberg, 2009; Robinson et al., 2013). Variables collected can be found in the 

REDCap data collection sheets in Appendix N and included: 
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 Age; 

 Gender; 

 Diagnostic category; 

 Immunocompromise; 

 Existing infection ; 

 Parenteral nutrition; 

 Length of hospital stay; 

 Level of consciousness; 

 Diaphoresis; 

 Active warming/cooling therapy; 

 CVAD utilisation; 

 Experience of CVAD inserter; 

 CVAD gauge; 

 Insertion technique (ultrasound, cut-down) 

 Number of CVAD lumens; and 

 Insertion site. 

  

 Study completion for each participant was at: 

 Removal of CVAD; 

 Discharge from hospital; 

 Four weeks after study enrolment; 

 Withdrawal from the study; or 

 Participant death. 
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 Four weeks was the chosen study completion time period, as the Dacron cuff 

within tunnelled, cuffed CVAD takes up to four weeks to adhere to the surrounding 

tissue so this period has the highest need for effective dressing and securement 

(Barnacle et al., 2008; O’Grady et al., 2011).  

Data analysis 

Descriptive statistics were used to ascertain the primary outcome of feasibility for a 

larger trial. The analytic methods for a future larger trial were then piloted. All 

randomised patients were analysed on an Intention to Treat (ITT) basis. Comparability 

of groups at baseline was assessed using clinical parameters. Incidence rates of CVAD 

device failure and CVAD complication (per 1,000 device days) were used to summarise 

the impact of each dressing regimen; group differences were evaluated by calculating 

95% confidence intervals and p-values. CVADs in situ after four weeks or at hospital 

discharge were censored from analysis at this point. Kaplan-Meier survival curves (with 

log rank test) compared CVAD failure, complication and first dressing integrity over 

time. Secondary endpoints including dwell time, dislodgement, infection and safety 

were compared between groups using parametric or nonparametric techniques as 

appropriate. Prior to analysis, data cleaning of outlying figures, missing, and 

implausible data was undertaken, and a random 5% sample of source data re-entered 

and checked. All attempts were made to collect the primary endpoint. Data from 

participants withdrawing from the interventions was censored from the time of 

withdrawal. P values of < 0.1 were interpreted as indicating some evidence against a 

null hypothesis, and values < 0.05 were considered statistically significant. 
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Validity 

External validity of the pilot RCT was addressed through the identification of an 

appropriate study population, using with an overall pragmatic approach to interventio n 

application. Specifically, the study involved a targeted population, and the population 

characteristics were described. The inclusion and exclusion criteria were defined and 

appropriate to the generalizable study population (children with tunnelled, cuffed 

CVAD only). The pilot RCT was developed pragmatically, with clinicians applying the 

products under study, further improving the results generalisability. 

Internal validity was maintained by following the registered and published trial 

protocol (Ullman et al., 2016c), with adherence to reporting safeguards to minimise 

bias. Computer generated randomization and allocation was 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. It is highly unlikely 

that they would have sabotaged the trial and cause CVAD failure or complication 

because of any preference for one or other dressing and securement combination. 

Radiological and laboratory staff assessing the CABSI and venous thrombosis outcomes 

were unaware of the trial, and thus blinded. With an intention-to-treat approach, all 

participants were accounted for in the final analysis, following randomisation 

(Rothwell, 2006). The CONSORT Guidelines (Schulz et al., 2010), including the 

checklist and diagram, have been used to report the trial findings. 

Reliability 

The reliability of the pilot RCT has been encouraged through adherence to the a priori 

study protocol (Kimberlin & Winterstein, 2008), which was prospectively registered on 
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the Australian and New Zealand Clinical Trial Registry (ACTRN12614000280606) and 

published in BMJ Open (Ullman et al., 2016c) (see Appendix A). This included 

definitions of the outcome measures, elements of the treatment arms, general CVAD 

insertion and management and planned statistical analyses. The trial was co-funded 

through an unrestricted grant by a commercial sponsor (Centurion Medical Products; 

manufacturer of Sorbaview SHIELD®). The funders were not involved in the study 

protocol design, data collection, analysis or preparation of manuscripts.  The next two 

sections further discuss specific elements of the study protocol which safeguard 

reliability of the study results. 

Diagnosis of CVAD-associated and CVAD-related bloodstream infection 

Two tiers of bloodstream infections—CVAD-associated and CVAD-related BSI—were 

used to maximise reliability of the outcomes, in accordance with best practice 

recommendations by the CDC. The broader definition of CVAD-associated BSI 

(CABSI) was used for the primary outcome assessment (Centers for Disease Control 

and Prevention, 2014), since this is compatible with national surveillance and reporting 

programmes. The stricter definition of CVAD-related BSI was also collected as a 

secondary outcome (Centers for Disease Control and Prevention, 2014), since this is a 

more rigorous definitions in terms of ascribing causality of the CVAD of the BSI, and is 

often used in research. Infectious disease physicians were consulted to ensure reliable, 

blinded diagnosis and categorisation of all CVAD-associated and related BSI. The 

researcher assembled de-identified data based on microbiological and clinical results, 

and the blinded infectious disease physician then categorised these as yes/no for both 

CABSI and CRBSI. 
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CVAD insertion and management  

As described previously, current CVAD insertion and management was performed by 

clinical staff using Queensland Health and Children’s Health Services standard policies 

(Centre for Healthcare Related Infection Surveillance and Prevention & Tuberculosis 

Control, 2013; Children’s Health Services, 2011). Many aspects of the CVAD insertion 

(e.g., ultrasound) and management (e.g., needleless connectors) were also audited, and 

reported within the study results. Other aspects of CVAD insertion and management 

were not audited (e.g., antisepsis during dressing change procedures), and may have 

varied, but they were likely to vary similarly in all study groups. Pre-study education 

was undertaken in order to reinforce Queensland Health and Children’s Health Services 

standard policies, and further instruction was provided on techniques for the study 

interventions. These methods have optimised homogeneity of practice whilst 

maintaining a pragmatic approach. The researcher closely observed clinical staff 

throughout the study to ensure that the practice adhered with policy and study protocol. 

All protocol violations for CVAD dressing and securement were documented and 

reported within the study results. 

Ethics and institutional considerations 

For Phase Two of the research, Human Research and Ethics Committee (HREC) 

approval was gained from the Children’s Health Service’s Queensland 

(HREC/13/QRCH/181) and Griffith University (NRS/10/14/HREC) (see Appendix R 

and S for approval letters). The researcher was named as an investigator and PhD 

student on these ethics applications. Site specific approval was obtained from the 

Research Governance Office at the Children’s Health Service Queensland. The pilot 

trial was prospectively registered with the Australian and New Zealand Clinical Trial 

Registry (ACTRN12614000280606). Adverse events (e.g., skin irritation) were 
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recorded as a secondary outcome and Serious Adverse Events (e.g., death) were 

reported to the HRECs. 

 There were minimal risks associated with participation in the trial.  All of the 

dressings for use in the trial were already used in some hospitals to secure peripheral 

and CVADs. Clinicians were involved in all aspects of designing the trial interventions, 

in order to prioritise patient safety throughout. All participants were followed up by 

researchers daily, to ensure their safety throughout their trial participation. 

 For both phases, parents/legal guardians were given an Information Sheet and 

adequate time to read, consider and an opportunity to ask questions (see Appendix T). 

Children were provided a Youth Assent form if they were older than six years of age 

and developmentally appropriate (see Appendix U). All children were provided 

information regarding the studies and given the opportunity to provide consent for 

participation. When consent was given parents/legal guardians received a copy of the 

Information Sheet, Consent Form and Revocation of Consent Form (see Appendix V), 

in the event that they wished to withdraw. Withdrawal from the study in no way 

affected the care they received from the study sites. 

 Participant confidentiality was ensured and anonymity guaranteed. Only 

aggregated data has been published and data is being stored according to National 

Health & Medical Research Council guidelines (National Health and Medical Research 

Council et al., 2013), stored under password protection within a secure on-line research 

database.  

Summary 

This chapter has discussed the methods that were used in the research study. A two-

phased study was undertaken, underpinned by an established, relevant theoretical 

framework. Following the described research methods, data were reliably and validly 
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collected, and analysed using the appropriate statistical methods. Ethical conduct was 

maintained throughout both phases of the research, with the safety of the study 

participants guaranteed. The next Chapter presents the results of the investigation and 

consists of two manuscripts. The first manuscript describes the findings of the point 

prevalence audit and survey of paediatric CVAD management practices within 

Australian hospitals. The second manuscript reports the findings of the pilot RCT of 

innovative dressing and securement products for children with tunnelled, cuffed CVAD.  
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Chapter 5 Results and Discussion 

Introduction 

In this Chapter, the findings of the PhD research are presented. The objectives were to: 

1)  Identify current clinical management and complications for CVADs within 

Australian paediatric facilities; 

2) Evaluate the feasibility of launching a full-scale efficacy trial of tunnelled cuffed 

CVAD securement and dressing products within acute care paediatrics using 

pre-defined feasibility criteria for recruitment, retention, protocol fidelity and 

product acceptability; and 

3) Provide baseline estimates of the effectiveness of dressings and securement 

products on CVAD complication and failure due to infection, occlusion, 

dislodgement, thrombosis, or breakage, for children with CVAD in acute care.  

The research was accomplished in two phases: 

 Phase One: A point prevalence audit and survey of CVAD management 

practices 

 Phase Two: Pilot RCT of dressing and securement for paediatric tunnelled, 

cuffed CVAD 

 

 Following these objectives and phases, this Chapter is comprised of two co-

authored manuscripts. One manuscript has been accepted for publication and the second 

has been submitted for publication and is under peer review. Within the first 

manuscript, the findings of the point prevalence audit and survey of paediatric CVAD 

management practices within Australian hospitals are reported. This paper has been 

accepted for publication in the Journal of Paediatrics and Child Health.  



 219 

 Ullman, A. J., Cooke, M. L., Kleidon, T., Rickard, C. M. Road map for 

improvement: Point prevalence audit and survey of central venous access 

devices in paediatric acute care. J Paed Child Health, accepted for publication. 

Journal of Paediatrics and Child Health  has a 2015 Impact Factor of 1.477, and is 

ranked 63 out of the 120 journals in the subject category of “Pediatrics” (“2015 Journal 

Citation Reports® Science Edition,” 2016).  

 In the second paper, the findings of the pilot, randomised controlled trial of 

dressing and securement products for children with tunnelled, cuffed CVAD in 

paediatric acute care are reported. This manuscript has been submitted for peer review 

with the journal BMC Cancer.  

 Ullman AJ, Kleidon T, Gibson V, McBride C, Cooke M, Rickard CM: 

Innovative dressing and securement of tunneled central venous access devices in 

paediatrics: a pilot randomized controlled trial. BMC Cancer; Submitted  

BMC Cancer has a 2015 Impact Factor of 3.265, and is ranked 85 out of the 213 

journals in the subject category of “Oncology” (“2015 Journal Citation Reports® 

Science Edition,” 2016).  
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Road map for improvement: point prevalence audit and survey of central 

venous access devices in paediatric acute care 

Reference: Ullman, A. J., Cooke, M. L., Kleidon, T., Rickard, C. M. Road map for 

improvement: Point prevalence audit and survey of central venous access devices in 

paediatric acute care. J Paed Child Health, accepted for publication. 

Abstract 

Aim 

To identify the prevalence, management and complications associated with central 

venous access devices (CVADs) within Australian paediatric facilities, providing a map 

for clinicians, researchers and managers to focus solutions. 

Method 

A point-prevalence audit and survey of CVAD practices in Australian tertiary paediatric 

hospitals between September and November 2015, using validated data collection tools. 

Results 

Across the six sites, 1,027 patients were screened with CVADs prevalent in 26.1% (n = 

268), and 261 CVADs in 248 patients available for audit. Variation in management 

were evident, with dressings not meeting the basic criteria of clean, dry and intact for 

13.5% of CVADs (n = 35), and non-sterile dressings used to reinforce 26.4% of CVADs 

(n = 69). Almost half of CVADs (49.4%; n = 132) had no documentation regarding site 

assessment in the previous four hours, and 13.4% had no planned use in the next 24 

hours (35 CVADs). 

CVAD-associated complications within the previous seven days were evident in 9.5% 

of CVADs (n = 27), most commonly catheter blockage (5.7% CVAD, n = 15), and 

bloodstream infection (1.9% CVAD, n = 5). Peripherally inserted central catheters 

(16.9%) in comparison to other catheter types (7.4%; p = 0.04), and subsequent CVADs 

(14.1%) in comparison to initial CVADs (6.5%; p = 0.04), had significantly higher 
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proportions of CVAD-associated complications in the previous seven days. Variation 

between the sites’ guidelines was evident across many practices. 

Conclusions 

CVADs are prevalent and essential for modern paediatric healthcare; however 

complications remain a significant problem. Areas identified for improvement were 

local CVAD guidelines, regular documentation of CVAD site assessment, and review of 

dressing products to improve integrity.  

Keywords 

Audit; central venous catheter; evidence-based care, survey, quality care, paediatrics 
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Introduction 

Central venous access devices (CVADs) are commonly inserted into large veins in the 

upper or lower limb, chest, neck or groin to provide access to the greater vascular 

system. Within paediatrics, CVADs are used for a variety of health conditions, 

including temporary administration of vesicant inotropes during critical illness, and for 

prolonged administration of nutrition for the chronically ill. Despite their necessity, one 

in four CVADs in paediatrics fail prior to completion of therapy due to infectious and 

mechanical complication, causing significant patient and healthcare costs. (Ullman et 

al., 2015d)  

Infectious complications of CVADs involve bacterial or fungal infection of the 

local site (e.g., exit site or tunnel) or bloodstream. CVAD-associated bloodstream 

infections are associated with high healthcare costs, morbidity and mortality, and have 

been highlighted as a priority area by international healthcare institutions including the 

World Health Organization. (World Health Organization, 2012) Mechanical 

complications include accidental catheter dislodgement, catheter breakage venous 

thrombosis and catheter occlusion. Each complication results in an immediate 

interruption to prescribed treatment, (Peng et al., 2011; van Miert et al., 2012) 

potentially delaying recovery, and frequently results in the insertion of a replacement 

vascular access device. Many CVAD-associated complications and failure are 

considered preventable causes of patient harm. (Miller et al., 2011; Ullman et al., 2014) 

CVAD management is complex and many different multi-disciplinary clinicians 

are involved in their care. Strategies have been developed to reduce preventable causes 

of CVAD complication and failure. This includes the use of chlorhexidine gluconate -

impregnated dressing products, (Safdar et al., 2014; Ullman et al., 2015c) needleless 

connectors, (Infusion Nurses Society, 2016; Loveday et al., 2014) regular site 
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assessments, (Infusion Nurses Society, 2016; Loveday et al., 2014) administration set 

changes, (Marschall et al., 2014; Ullman et al., 2013a) and the prompt removal of 

redundant devices. (Infusion Nurses Society, 2016; Loveday et al., 2014; O’Grady et 

al., 2011)  However the translation of this evidence to the bedside is challenging. 

Previous surveys have reported that aspects of CVAD management are frequently not 

based upon evidence. (Broadhurst, Moureau, & Ullman, 2015; Harron et al., 2011; 

Rickard et al., 2004; Ullman et al., 2014) But these surveys are based upon reported 

practices from management representatives, and may not be indicative of the actual care 

patients are receiving. 

Audits and benchmarking of actual practice are necessary in order to drive 

improvement strategies, and inform the development of interventional studies. (Russell 

et al., 2013) Undertaking surveillance audits to identify clinical practice issues has been 

demonstrated as effective for improving healthcare outcomes including healthcare-

associated infection, (Goddard, Clayton, Peto, & Bowler, 2006; Ivers et al., 2012; 

Russell et al., 2013) providing a map for clinicians, researchers and managers to use in 

focusing on solutions and strategies. This prevalence study aimed to examine paediatric 

CVAD management practices in paediatric care by: 

1. Identifying the prevalence of CVADs, CVAD characteristics and utility in 

Australian paediatric hospitals; 

2. Identifying current clinical management for CVADs in Australian paediatric 

hospitals; 

3. Describing the current incidence of complications in the past seven days for 

CVADs in place in Australian paediatric hospitals; 

4. Identifying clinical and CVAD characteristics associated with recent CVAD 

complication; and 
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5. Describing the local guidelines and resources availab le to support CVAD 

management across Australian paediatric facilities. 

Materials and methods 

Design 

A point prevalence audit and survey of CVAD practices were conducted throughout 

tertiary paediatric hospitals in Australia between September and November 2015. The 

study included six hospitals: the Royal Children’s Hospital (Melbourne); Sydney 

Children’s Hospital (Randwick); Lady Cilento Children’s Hospital (Brisbane), Princess 

Margaret Hospital (Perth); Women’s and Children’s Hospital (Adelaide); and the Gold 

Coast University Hospital (Gold Coast). 

Setting and sample 

All patients admitted as inpatients in tertiary paediatric hospitals in Australia at the time 

of the study were invited to participate in the point prevalence audit, and senior clinical 

representatives provided additional whole of site information via survey. For the point 

prevalence audit, all patients admitted to the hospital (with or without CVAD) on the 

study day were counted, to provide a denominator for the audit. Extensive data 

collection was undertaken for paediatric patients (< 18 years) with CVAD insitu 

(including peripherally inserted central catheters (PICCs), haemodialysis catheters, non-

tunnelled percutaneously CVADs, tunnelled CVADs, umbilical catheters, totally 

implantable CVAD), with a legal guardian and/or patient giving verbal or written 

consent. All other vascular access devices (e.g., peripheral or arterial catheters) were not 

included.  
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Data collection tools 

The point prevalence audit data collection tool was originally designed and trialled by 

Russell et al. (2013) and New et al. (2014), with variables added by Alexandrou (2014), 

and optimised for the paediatric population. The tool included information regarding the 

CVAD types, health professional type who inserted the CVAD, use of dressing and 

securement products, site assessment, documentation and presence of CVAD-associated 

complications in the last seven days. CVAD-associated complication definitions were in 

accordance with benchmark literature, (Ullman et al., 2015d) and included: CVAD-

associated bloodstream infection (CABSI); (Centers for Disease Control and 

Prevention, 2014) local site infection;(Centers for Disease Control and Prevention, 

2014) dislodgement;(Fratino et al., 2005) occlusion; (Fratino et al., 2005) 

thrombosis;(Fratino et al., 2005) and CVAD breakage.(Fratino et al., 2005) Patient 

demographic data were also collected. The described information was collected from a 

combination of clinical examination, conversation with patients (where feasible), family 

members, and clinical staff, as well as review of bedside charts, patient charts and 

electronic records.  

Information regarding local management policies and guidelines at each site was 

also collected, using compilations and variations of the surveys previously developed by 

Rickard et al. (2004); Ullman et al. (2014) and Alexandrou (2014). This includes 

CVAD-associated supplies provided by the hospital and hospital-wide policies in 

regards to frequency of CVAD maintenance procedures. 

Content validity, feasibility and inter-rater reliability 

To ensure the tools’ completeness, accuracy and practical utility, (Rattray & Jones, 

2007) prior to use both data collection tools were assessed for content validity and the 

point prevalence audit tool was assessed for feasibility and inter-rater reliability (IRR). 
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Content validity was achieved by a review of the surveys’ items by five experts in 

paediatrics, vascular access and/or evidence-based practice. Feedback was provided 

using a four-point level of agreement surrounding the relevance of individual audit 

criteria, and the appropriateness of the answer responses. A Scale Content Validity 

Index (S-CVI) (Lynn, 1986; Polit et al., 2007) was calculated to represent the 

proportion of items on the instrument that achieved a rating of high or quite relevant by 

all content experts. Experts also recommended whether to delete an item, major 

revision, minor revision, or keep an item as is. 

Overall, the experts found all audit and survey criteria to be highly relevant (S-

CVI=100% audit; 100% survey), the answer responses appropriate (S-CVI=93.3% 

audit; 95% survey), with minor improvements recommended for seven audit items 

(23.3%) and three survey items (15%) with no improvements needed. This feedback 

was then used to revise and strengthen the data collection tool. 

Feasibility and IRR testing of the audit data collection tool was performed by 

piloting the tool at one of the hospital sites. Three pairs of clinicians sequentially and 

independently audited three ward areas using the data collection sheets. These paired, 

completed sheets were then compared, and the data was then used to compute an index 

of agreement between the observers to ensure internal consistency. (Griffiths & 

Murrells, 2010; Hallgren, 2012; Landis & Koch, 1977) A high level of agreement 

between the raters was found, with a Cohen κ of 0.87 (p < 0.001, 95% confidence 

interval (CI) 0.78, 0.96) (Landis & Koch, 1977). Overall, the six clinicians reported it 

took 15-20 minutes to complete the audit per participant, the data were readily available 

for the majority of participants, and the terminology used was well-defined and easy to 

understand. (Bannigan & Watson, 2009) 
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Process 

Each hospital site identified an appropriate day to audit, in accordance with local 

hospital requirements and resourcing. Education and familiarisation with the data 

collection tool was undertaken prior to the study day. On the day of data collection, the 

site investigator and team screened all patients admitted to the study site, and audited all 

patients with a CVAD, including informed consent where required. A senior vascular 

access or infection control clinician was identified at each site and completed the site 

survey within a month of the audit. Both the point prevalence and survey data collection 

sheets were then scanned and emailed to the study coordinator, for central database 

entry.  

Data analysis 

Continuous variables are described as mean, median, standard deviation (SD) and 

interquartile range (IQR) values. Categorical data are described using frequencies and 

percentages. Results are reported per device, per patient, or per survey respondent as 

appropriate. Associations between failure and clinical or device characteristics were 

assessed using Fisher’s Exact Test, Chi Square and Mann-Whitney U Tests, as 

appropriate for sample size, distribution and data. Variables with a p < 0.05 were 

considered significant. Data were analysed using PASW 22.0 (SPSS Inc, Chicago, IL). 

Missing data are described throughout the results tables. 

Ethics 

Prior to study commencement ethical approval was gained through the Griffith 

University, Human Research Ethics Committee (HREC), and the participating sites, as 

required. Consent for participation in the study was achieved via written or verbal 
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consent by the legal guardian and child (if developmentally appropriate), depending 

upon local institutional and ethics requirements. 

Results 

Point prevalence audit 

Across the six sites, 1,027 patients were screened, with CVAD prevalent in 26.1% of 

patients (n = 268), and peripheral intravenous catheters in 47.5% of patients (n = 488). 

Twenty patients with CVADs could not be included in further data collection, as either 

consent was refused or legal guardians were not available to provide consent. Twelve 

patients had more than one CVAD (25 CVADs; 4.2% of patients with CVADs). A total 

of 261 CVADs, in 248 patients were audited.  

Participant and CVAD characteristics 

As described in Table 5.1, the majority of patients had a single CVAD (95.2%; 236 

CVADs), with the most prevalent being tunnelled, cuffed CVADs (32.6%; 85 CVADs) 

and totally implanted devices (25.7%; 69 CVADs), commonly placed in the internal 

jugular (44.1%; 115 CVADs). The majority were inserted for two or more clinical 

indications (65.0%; 169 CVADs) including vesicant medication (57.5%; 150 CVADs) 

and/or fluid therapy (43.3%; 113 CVADs). Over a third of CVADs were subsequent 

devices, replacing or adding to a previous or existing CVAD (37.9%; 99 CVADs).  
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Table 5.1: Point prevalence audit: Participant and CVAD characteristics 

Prevalence (n = 1,027) N (%) 

Overall CVAD 

Peripheral intravenous device 

268 (26.1) 

488 (47.5) 

Hospital Royal Children’s Hospital, Melbourne 

Lady Cilento Children’s Hospital, Brisbane 

Princess Margaret Hospital, Perth 

Sydney Children’s Hospital, Randwick 

Women’s and Children’s Hospital, Adelaide 

Gold Coast University Hospital 

86 (30.9) 

65 (31.7) 

46 (25.3) 

45 (34.1) 

35 (22.0) 

7 (10.0) 

Participant (n = 248) N (%) 

Gendera Male 

Female 

138 (55.6) 

109 (44.0) 

CVADs insitu One 

Two 

Three 

236 (95.2) 

11 (4.4) 

1 (0.4) 

Skin integrityb Good 

Fair 

Poor 

209 (84.3) 

23 (9.3) 

4 (1.6) 

Age (years)c Median (IQR) 6 (1,12)  

CVAD (n = 261) N (%) 

CVAD type Tunnelled, cuffed  

Totally implanted device 

Peripherally inserted central catheter 

Non-tunnelled, percutaneous 

Umbilical catheter 

Haemodialysis  

85 (32.6) 

69 (25.7) 

59 (22.6) 

39 (14.9) 

6 (2.3) 

5 (1.9) 

CVAD lumens Single 

Double 

Triple 

Quad 

129 (49.4) 

93 (35.6) 

36 (13.8) 

3 (1.1) 

Vein 

placementd 

Internal jugular 

Basilic 

115 (44.1) 

24 (9.2) 
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Subclavian 

Femoral 

External jugular 

Other 

Unknown 

18 (6.9) 

15 (5.7) 

12 (4.6) 

39 (14.9) 

38 (14.6) 

Inserted bye  Consultant 

Registrar 

Nurse 

Unknown 

128 (49.0) 

57 (21.8) 

8 (3.1) 

61 (23.4) 

Inserted wheref Operating Room 

Intensive Care Unit 

Radiology 

Other 

185 (70.9) 

48 (18.4) 

17 (6.5) 

6 (2.5) 

CVAD numberg Initial 

Subsequent 

154 (59.0) 

99 (37.9) 

Indication for 

insertiona 

Prolonged treatment requirements 

Vesicant medication 

Fluid therapy 

Blood product transfusion 

Blood sampling 

Parenteral nutrition 

Poor peripheral vasculature 

Cardiovascular instability 

Other 

175 (67.0) 

150 (57.5) 

113 (43.3) 

81 (31.0) 

80 (30.7) 

59 (22.6) 

25 (9.6) 

23 (8.8) 

19 (7.3) 

CVAD dwell 

(days)a 

Median (IQR) 18 (5, 108) 

Missing data: a1; b12 c4; d6; e7; f5; g8; h48 

CVAD = Central venous access device; IQR = Interquartile range 

CVAD management and utility 

There was large variation in the type of primary dressing and securement products in 

use (see Table 5.2), and13.5% of CVAD dressings did not meet the basic criteria of 

clean, dry and intact (n = 35). Non-sterile dressing products used to reinforce 26.4% of 
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CVADs (n = 69). The majority of CVADs had two or more dressing and securement 

products applied (69%; 180 CVADs), with many having four or five products in use 

simultaneously (8.4%; 22 CVADs). Chlorhexidine-impregnated dressing products were 

only used in 16.7% of CVADs in intensive care (n = 7).  

 

Table 5.2: Point prevalence audit: CVAD management and utility (n = 261) 

Dressing and securement N (%) 

Primary dressinga Plain polyurethane 

Bordered polyurethane 

Advanced polyurethane 

None 

Gauze and sterile dressing/tape 

Other  

152 (58.2) 

44 (16.9) 

20 (7.7) 

18 (6.9) 

14 (5.4) 

10 (3.8) 

Medication-impregnated 

dressing productsb 

Chlorhexidine gluconate impregnated 

disc 

None 

34 (13.0) 

226 (86.6) 

Securement products b None 

Bordered / advanced dressing 

Silk suture 

Clip-based securement device 

Synthetic suture 

Velcro-based securement device 

Other 

92 (35.2) 

64 (24.5) 

50 (19.2) 

47 (18.0) 

27 (10.3) 

23 (8.8) 

15 (5.8) 

Additional dressing and 

securement productsb 

None 

Adhesive-fabric dressing (non-sterile) 

Non-sterile tape 

Other 

172 (65.9) 

40 (15.3) 

29 (11.1) 

17 (6.6) 

Dressing meeting the 

criteria clean, dry and 

intactc 

Yes 

No 

No dressing 

200 (79.0) 

35 (13.5) 

18 (6.9) 
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Other CVAD management N (%) 

Flushes orderede Yes, normal saline 

Yes, heparinised saline 

No 

57 (21.8) 

39 (14.9) 

150 (57.5) 

Needleless access 

connectorsc 

Negative 

None 

Positive 

Split septum 

Neutral 

166 (63.6) 

32 (12.3) 

30 (11.5) 

17 (6.5) 

8 (3.1) 

Documentation of site 

assessmentd 

Yes, last 4 hours 

Yes, last 24 hours 

Not in last 24 hours  

132 (50.6) 

200 (76.6) 

55 (21.1) 

CVAD utility N (%) 

Device planned use (next 

24 hours) 

Continuous 

Intermittent 

No 

186 (71.3) 

40 (15.3) 

35 (13.4) 

Fluids infusing Hydrationf 

Nonea 

To keep vein openf 

Parenteral nutritionf 

Otherf 

95 (36.4) 

73 (28.0) 

70 (26.8) 

63 (24.1) 

45 (17.2) 

Medications in next 24 

hoursg 

Antibiotics 

Analgesia 

Chemotherapy 

None 

PRN 

Sedation 

Inotropes 

Other 

110 (42.1) 

77 (29.5) 

58 (22.2) 

51 (19.5) 

39 (14.9) 

30 (11.5) 

27 (10.3) 

72 (27.6) 

Missing data: a3; b1;c8, d6, e14, f4, g5 

CVAD = Central venous access device; SD = Standard deviation 
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Inconsistency was evident in other management characteristics including 

flushing, needleless access connector types and documentation of site assessment. Over 

13% of CVADs had no prescribed fluid or medications in the next 24 hours (13.4%; 35 

CVADs). Of these 35 unused CVADs, 31.4% were temporary (8 PICCs; 2 non-

tunnelled, percutaneous CVADs; 1 haemodialysis catheter) and 68.6 % were more 

permanent devices (15 totally implanted devices; 9 tunnelled, cuffed CVADs). 

CVAD complications 

CVAD-associated complications in the last seven days were evident in 9.6% of CVADs 

(n = 25) with the most frequent complications being catheter blockage (5.7% CVAD, n 

= 15) and bloodstream infection (1.9% CVAD, n = 5) (see Table 5.3). Local site 

complications were evident in 10.3% of CVAD (n = 27), most frequently bruising 

(5.0% CVAD, n = 13), and redness extending > 1 cm from the insertion site (1.9% 

CVAD, n = 5). 
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Table 5.3: Point prevalence audit: CVAD complications (n = 261) 

CVAD-associated complications (in last 7 days) N (%) 

CVAD with one or more complications 25 (9.6) 

No complications 236 (90.4) 

CVAD blockage 15 (5.7) 

CVAD-associated bloodstream infection 5 (1.9) 

Local site infection 3 (3.1) 

CVAD breakage  3 (1.1) 

CVAD dislodgement 2 (0.8) 

CVAD –associated clinically evident thrombosis 0 

CVAD site complications (at assessment) N (%) 

CVAD site with any site complicationa 27 (10.3) 

Nonea 230 (88.1) 

Bruising or blood around devicea 13 (5.0) 

Redness >1cm from insertion sitea 5 (1.9) 

Itch or rash under dressingb 4 (1.5) 

Pain or tenderness on palpationb 2 (0.8) 

Purulencea 1 (0.4) 

Leakinga 1 (0.4) 

Blood in linec 1 (0.4) 

Otherc 

Swelling, skin tears, palpable vein cord, induration of tissues, red 

streak along vein, extravasation or infiltration, complete or partial 

dislodgement 

1 (0.4) 

0 

Missing data: a4; b2; c1  

CVAD = Central venous access device 

 

As described in Table 5.4, PICCs had a higher proportion of complication in the 

previous seven days (16.9%), than other CVAD types (7.4%; X2 4.78; p = 0.04). 

Subsequent CVADs also had a higher proportion of complication in the previous seven 

days (14.1%), than initial CVADs (6.5%; X2 4.11; p = 0.04). No other clinical or 
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CVAD characteristics were significantly associated with the frequency of CVAD 

complication in the previous seven days. 

 

Table 5.4: Point prevalence audit: Participant and device associations with CVAD 

complication in last 7 days (n = 261) 

Characteristic Complication 

(n = 25) 

 

N (%) 

No 

complication 

(n = 236) 

N (%) 

P 

values 

 

Gender Male 

Female 

16 (11.0) 

9 (7.8) 

129 (89.0) 

106 (92.8) 

0.41b 

Catheter 

type 

Tunnelled, cuffed  

Totally implanted device 

Peripherally inserted central 

catheter 

Non-tunnelled, percutaneous 

Umbilical catheter 

Haemodialysis  

6 (7.1) 

5 (7.5) 

10 (16.9) 

 

4 (10.2) 

0  

0 

79 (92.9) 

62 (92.5) 

49 (83.1) 

 

35 (89.7) 

6 (100) 

5 (100) 

0.38b 

0.77a 

0.04b 

 

0.77a 

1.00a 

1.00a 

CVAD 

number 

Initial 

Subsequent 

10 (6.5) 

14 (14.1) 

144(93.5) 

85 (83.9) 

0.04b 

Vein 

placement 

Jugular 

Basilic 

Subclavian 

Femoral 

9 (7.1) 

3 (12.4) 

2 (11.1) 

3 (20.0)  

118 (92.9) 

21 (87.5) 

16 (88.9) 

12 (80.0) 

0.21b 

0.71a 

0.69a 

0.16a 

CVAD 

lumens 

 

 

Single 

Double 

Triple 

Quad 

16 (12.4) 

5 (5.4) 

4 (11.1) 

0 

113 (87.6) 

88 (94.6) 

32 (88.9) 

3 (100) 

0.14b 

0.12b 

0.76a 

1.0a 

Inserted 

bye 

Consultant 

Registrar 

Nurse 

13 (10.2) 

4 (7.0) 

1 (12.5) 

115 (89.8) 

53 (93.0) 

7 (87.5) 

0.83b 

0.61a 

0.56a 

Inserted 

where  

Operating Room 

Intensive Care Unit 

Radiology 

17 (9.2) 

3 (6.3) 

1 (5.9) 

168 (90.8) 

45 (93.8) 

16 (94.1) 

0.82b 

0.59a 

1.00a 

Age (years) Median (IQR) 6 (1.3, 10.0) 5 (0.9,12.0) 1.00c 

CVAD age 

(days) 

Median (IQR) 21.5 (4.7,56.5) 17 (5.0,111.0) 0.83c 

aFishers Exact Test 2-tailed; bChi-Square 2-tailed; cMann-Whitney U Test 
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Survey of CVAD management practices 

Local CVAD guidelines 

All surveyed hospitals had CVAD maintenance guidelines for staff, with one hospital 

having separate guidelines for the neonatal and paediatric areas respectively. The 

breadth and content of the guidelines varied extensively between sites (see Table 5.5), 

most notably in regards to frequency of crystalloid fluid administration set changes and 

frequency of CVAD site assessment. 

 

Table 5.5: Survey: CVAD management (6 sites; 7 surveysa) 

Local guidelines  N (%) 

Frequency of replacing 

CVAD 

Not in guideline 

Clinically indicated 

> 96 hours (for umbilical catheters) 

3 (42.9) 

3 (42.9) 

1 (14.3) 

Frequency of CVAD 

dressing change 

Not in guideline 

> 96 hours and PRN 

7 days and PRN 

0 

2 (28.6) 

5 (71.4) 

Frequency of administration 

set changes (crystalloid 

fluids) 

Not in guideline 

48–72 hours 

72–96 hours 

96 hours–7 days 

Monday, Wednesday, Friday 

0 

1 (14.3) 

3 (42.9) 

2 (28.6) 

1 (14.3) 

Frequency of site 

assessmentb  

Not in guideline 

Hourly 

Every 8 hours or once per 8 hour shift 

Every 12 hours or once per 12 hour shift 

Once daily 

Every time CVAD is used 

1 (14.3) 

2 (28.6) 

3 (42.9) 

1 (14.3) 

1 (14.3) 

3 (42.9) 

Criteria for choosing 

between CVAD 

characteristics (e.g., 

antimicrobial 

impregnation)b 

No 

Yes; documented in hospital policy 

Yes; an informal algorithm 

Yes; clinicians discretion 

4 (57.1) 

1 (14.3) 

1 (14.3) 

2 (28.6) 

CVAD supplies and resources N (%) 

Dedicated specialist team 

for CVAD 

No 

Yes 

4 (57.1) 

3 (42.9) 

Cleaning solutions at CVAD 

insertionb 

Chlorhexidine without alcohol 

Chlorhexidine 0.5% in alcohol 

3 (42.9) 

2 (28.6) 
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Chlorhexidine 1% in alcohol 

Chlorhexidine 2% in alcohol  

Povidone-iodine without alcohol 

Povidone-iodine in alcohol  

Normal saline 

1 (14.3) 

5 (71.4) 

4 (57.1) 

1 (14.3) 

1 (14.3) 

Cleaning solutions at CVAD 

dressing changeb 

Chlorhexidine without alcohol 

Chlorhexidine 0.5% in alcohol 

Chlorhexidine 1% in alcohol 

Chlorhexidine 2% in alcohol  

Povidone-iodine without alcohol 

Povidone-iodine in alcohol  

Normal saline 

3 (42.9) 

2 (28.6) 

1 (14.3) 

5 (71.4) 

2 (28.6) 

1 (14.3) 

3 (42.9) 

CVAD dressings provided 

and usedb 

Plain polyurethane 

Bordered or advanced polyurethane 

Chlorhexidine gluconate- impregnated 

disc 

Sterile strips 

Absorbent dressing 

7 (100) 

6 (85.7) 

1 (14.3) 

2 (28.6) 

1 (14.3) 

CVAD securement products 

provided and usedb 

Synthetic suture 

Clip- or Velcro-based securement devices 

Silk suture 

Bordered or advanced polyurethane  

6 (85.7) 

6 (85.7) 

4 (57.1) 

3 (42.9) 

Number of CVAD brands 

provided 

Mean (SD) 4.7 (1.5) 

Number of different 

individual CVAD products 

provided 

Mean (SD) 8.6 (2.2) 

aSingle site had two CVAD guidelines; bRespondents provided multiple responses per 

question 

CVAD = Central venous access device 

 

CVAD supplies 

Also described in Table 5.5, the equipment and resources supplied to clinical staff for 

CVAD management varied between sites. While less than half of sites had a dedicated 

specialist IV team for CVADs (42.9%; 3 sites), a large range of cleaning solutions, 

dressing, securement and catheter types were available. 
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Discussion  

CVADs are an essential component of paediatric healthcare, with this study describing 

CVADs prevalent in over a quarter of children admitted to acute care hospitals in 

Australia. However these indispensable devices were also associated with a 

complication in the preceding seven days (10%). Such complications would naturally be 

higher over the entire CVAD dwell. Similarly, a recent meta-analysis (Ullman et al., 

2015d) described high proportions of occlusion (7.4%) and CVAD-associated 

bloodstream infections (10.3%) for paediatric CVADs. Complications associated with 

CVADs throughout paediatric specialties remains a substantial and significant problem 

that is likely under-appreciated and in urgent need of attention. 

This audit and survey provides accurate, reliable data in order to provide a road-

map for future interventional studies and evidence-implementation. In agreement with 

previous studies, (Broadhurst et al., 2015; Rickard et al., 2004; Russell et al., 2013; 

Ullman et al., 2014) CVAD management was variable between and within the study 

sites. Evidence-practice gaps were evident in several specific clinical practice areas. 

CVAD dressing and securement practice was complex, with nine different primary 

dressing products and seven different primary securement products in use. While un-

bordered, transparent dressings remain the most common dressing product; 13.5% were 

not clean, dry and intact, and over a quarter were reinforced by non-sterile dressing 

products. This may reflect the inadequate integrity of some dressing products, and the 

reluctance of paediatric nurses to undertake unscheduled dressing changes, due to fear 

of CVAD dislodgement, accidental site contamination or resourcing issues. Poor CVAD 

dressing integrity may result in increased risk of site contamination and infection, and 

regular dressing assessment and proactive management should be the focus of 

improvement in paediatric CVAD practice. The audit findings indicate that more 
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research is necessary to identify and implement effective dressing and securement 

devices for the paediatric acute care population. Multiple dressing products drive up 

costs and workload, which may be better spent on higher quality dressing and 

securement products that are more effective. 

While high level evidence supports the use of CHG dressing products in the 

intensive care population as an effective strategy to reduce CVAD-associated BSI, 

(Safdar et al., 2014; Ullman et al., 2015c) only a small proportion of these products 

were in use for this population within this audit (7/49 CVADs in ICU; 14.3%). As 

previously reported by other study authors, this have may be due to concerns related to 

visibility of the insertion site, (Russell et al., 2013) and the potential for skin 

impairment. (Broadhurst et al., 2015; Wall et al., 2014) High quality evidence is now 

available to support the use of CHG dressing products as a valuable approach to reduce 

a preventable cause of patient harm; paediatric clinicians should work towards their 

consistent application within the intensive care setting. Documentation of the 

assessment of the CVAD insertion site is another specific area for improvement, as 

there was no documentation of site inspection within the previous 24 hours in 21% of 

cases. Frequent CVAD site assessment and documentation should be a focal point for 

paediatric clinicians managing CVADs. Documentation of the assessment of the CVAD 

insertion site is another specific area for improvement, as there was no documentation 

of site inspection within the previous 24 hours in 21% of cases. This may impact upon 

the frequency of more progressive skin complications (e.g., exit site infection) and 

identification of impaired dressing integrity. 

Another variable and inconsistent practice was the prescription of flushing 

solutions. While there is little evidence to identify the optimal flushing interventions for 

CVADs, (Bradford, Edwards, & Chan, 2015; Lopez-Briz et al., 2014) flushes are 
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generally believed to maintain catheter patency by preventing internal luminal occlusion 

and biofilm formation. (Keogh et al., 2015; Zhang et al., 2013) Within this audit over 

half of CVADs had no flushes ordered at all, with variation in prescribed normal or 

heparinised saline for the remainder. This variation is likely to be a reflection of the 

poor level of evidence to support clinical decision making. Considering the high 

frequency of catheter blockage described in the audit and other studies, (Ullman et al., 

2015d) research is urgently required to compare the effectiveness of flushing solutions 

to maintain CVAD patency.  

A key cause for the inconsistency in CVAD management is likely to be a result 

of the variations in CVAD guidelines between institutions, the large volume of CVAD 

products available at each site, and the lack of specialist CVAD teams at over half the 

study sites. Strong and consistent guidelines within and between hospitals, sufficient 

expert support and other resources to support decision making are necessary to ensure 

consistent, evidence-based CVAD management to improve CVAD outcomes for 

children. Without these resources, clinicians are faced with a storeroom full of products 

to choose between, and variable understanding of the rationale and effectiveness of each 

strategy. Consistent practice based on evidence-based guidelines is likely to have a 

significant impact upon the rate of CVAD-associated complications within paediatric 

hospitals. 

There are several limitations within this study. Multiple assessors undertook the 

audit across the study sites, which may have impacted the reliability of the results. 

However the audit tool has been used in previous studies, (Alexandrou, 2014; New et 

al., 2014; Russell et al., 2013) education resources were provided and audit tool 

achieved high levels of reliability. (Landis & Koch, 1977) This study was carried out in 

Australian tertiary paediatric hospitals on a single day, and it may not be reflective of 
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continuing practice. Finally, it was not possible to ascertain complications for CVADs 

beyond the seven day window, due to study resources and the point prevalence design. 

Clinicians should compare these results with their own local procedures, prior to 

generalising it to their own institution.  

Conclusion 

Clinical audits and surveys can be an effective tool to promote best practice, (Ivers et 

al., 2012) and this study has highlighted areas of paediatric CVAD management which 

require targeted educational programmes, quality improvement initiatives and 

interventional studies. Of greatest necessity is the development of clear and consistent 

CVAD guidelines and resources for paediatric clinicians. Also evident is a need to 

review the current dressing and securement products to improve dressing integrity and 

sterility, provide strategies to improve documentation and assessment of CVAD sites 

and further evidence to support CVAD patency practices. Improved CVAD 

management for paediatric patients will reduce complication rates of these essential 

devices. Providing reliable, complication-free vascular access for children will improve 

the efficiency of paediatric healthcare facilities worldwide.  
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Innovative dressing and securement of tunneled central venous access 

devices in pediatrics: a pilot randomized controlled trial  

Reference: Ullman, A. J., Kleidon, T., Gibson, V., McBride, C.A., Mihala, G., Cooke, 

M. L., Rickard, C. M. Innovative dressing and securement of tunneled central venous 

access devices in pediatrics: a pilot randomized controlled trial. BMC Cancer, submitted 

Abstract 

Background  

Central venous access device (CVAD) associated complications are a preventable 

source of patient harm, frequently resulting in morbidity and delays to vital treatment. 

Dressing and securement products are used to prevent infectious and mechanical 

complications, however current complication rates suggest customary practices are 

inadequate. The aim of this study was to evaluate the feasibility of launching a full-scale 

randomized controlled efficacy trial of innovative dressing and securement products for 

pediatric tunneled CVAD to prevent complication and failure. 

Methods  

An external, pilot, four-group randomized controlled trial of standard care (bordered 

polyurethane dressing and suture), in comparison to integrated securement dressing, 

sutureless securement device, and tissue adhesive was undertaken across two large, 

tertiary referral pediatric hospitals in Australia. Forty-eight pediatric participants with 

newly inserted tunnelled CVADs were consecutively recruited. The primary outcome of 

study feasibility was established by elements of eligibility, recruitment, attrition, 

protocol adherence, missing data, parent and healthcare staff satisfaction and 

acceptability, and effect size estimates for CVAD failure (cessation of function prior to 

completion of treatment) and complication (associated bloodstream infection, 

thrombosis, breakage, dislodgement or occlusion). Dressing integrity, product costs and 

site complications were also examined. 
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Results  

Protocol feasibility was established. CVAD failure was: 17% (2/12) integrated 

securement dressing; 8% (1/13) sutureless securement device; 0% tissue adhesive 

(0/12); and, 0% standard care (0/11). CVAD complications were: 15% (2/13) sutureless 

securement device (CVAD-associated bloodstream infection, and occlusion and partial 

dislodgement); 8% (1/12) integrated securement dressing (partial dislodgement); 0% 

tissue adhesive (0/12); and, 0% standard care (0/11). Overall satisfaction was highest in 

the integrated securement dressing (mean 8.5/10; standard deviation 1.2). Improved 

dressing integrity was evident in the intervention arms, with the integrated securement 

dressing associated with prolonged time to first dressing change (mean days 3.5). 

 Conclusions  

Improving the security and dressing integrity of tunnelled CVADs is likely to improve 

outcomes for paediatric patients. Further research is necessary to identify novel, 

effective CVAD securement to reduce complications, and provide reliable vascular 

access for children. 

Trial registration: ACTRN12614000280606 

Keywords:  

Central venous catheter; dressing; randomized controlled trial; evidence-based care 
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Background 

Children undergoing treatment for oncological and haematological conditions are some 

of the most vulnerable patients in hospital settings. Functioning, complication-free 

vascular access for anti-cancer therapies, antibiotics, nutrition and blood sampling is 

vital to their treatment and survival. Tunnelled, cuffed central venous access devices 

(CVADs), commonly referred to by their trade names, Hickman® or Broviac® catheters, 

are inserted for children requiring multiple or frequent infusions of irritant or vesicant 

fluids over prolonged periods of time (≥ 3 months) (Chopra et al., 2015). The paediatric 

population requiring this type of central device is primarily receiving treatment for 

oncological (e.g., neuroblastoma), haematological (e.g., aplastic anaemia) or 

gastroenterological (e.g., intestinal failure) conditions (Fratino et al., 2005; Robinson et 

al., 2013). 

Tunnelled, cuffed CVADs incorporate a short Dacron cuff designed to inhibit 

ascending migration of organisms from the skin, and to stimulate tissue growth around 

the cuff to anchor the device (Barnacle et al., 2008; O’Grady et al., 2011). However 

Dacron cuff adhesion takes up to four weeks (Barnacle et al., 2008; O’Grady et al., 

2011), longer when the patient is compromised, placing the CVAD at significant risk of 

dislodgement or infection prior to that time. While historically considered a ‘safe’ 

device, a recent meta-analysis (Ullman et al., 2015d) demonstrated 29% of paediatric 

tunneled cuffed CVADs failed prior to completion of therapy (0.86 per 1,000 catheter 

days), with 20% developing a CVAD-associated bloodstream infection (BSI) (1.13 per 

1,000 catheter days), and 7% dislodging completely (0.24 per 1,000 catheter days). 

A key strategy to decrease the risk of CVAD-associated complication is to 

ensure the insertion wound is adequately covered to prevent infection, and the device 

secured to prevent internal and external motion (Ullman, Cooke, & Rickard, 2015a). 
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Traditionally CVAD insertion sites were covered with sterile gauze and tape, with 

polyurethane dressings becoming prominent practice in the 1990s (Webster et al., 

2011). The devices are also internally and/or externally sutured, with these sutures 

removed, or dissolving, at around 7–10 days. The current failure and complication rates 

associated with CVADs suggest that habitual practices of their dressing and securement 

are inadequate.  

A recent Cochrane systematic review (Ullman et al., 2015c) highlighted the 

dearth of literature to support clinical decision making in the area of CVAD securement, 

considering the range of available products. Previous randomized controlled trials 

(RCTs) of securement and dressing products for tunnelled, cuffed CVAD are dated 

(Brandt et al., 1996; Shivnan et al., 1991) and have limited their study population to 

adults (Brandt et al., 1996; Chambers et al., 2005; Olson et al., 2004; Ruschulte et al., 

2009). No previous RCTs have focused on children or examined the issue of CVAD 

security. The physiology and pathophysiology of children requiring these devices 

necessitates a specialist focus (Harron et al., 2011). 

Newer CVAD securement and dressing products are available, which may be 

superior to traditional methods. Integrated securement dressings (ISDs) incorporate a 

strengthened securement system across the entire polyurethane dressing, over and 

underneath the CVAD body (Ullman et al., 2015a). ISDs also surround the polyurethane 

with an absorbent layer, to maintain dressing integrity when exposed to insertion site 

exudate. Sutureless securement devices (SSD) comprise of soft footplates with fastening 

clasps of hard plastic or soft Velcro to reduce movement and catheter rotation 

(Yamamoto et al., 2002). Tissue adhesive (TA), a medical grade ‘superglue’ 

(cyanoacrylate), can provide strength and hemostatic properties (Wilkinson, Sheikh, & 

Jayamaha, 2007), which may be beneficial for patients experiencing large amounts of 
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post-insertion exudate due to underlying pathologies. However, it is not known whether 

these new products are more effective at reducing paediatric CVAD failure and 

complication, in comparison to traditional care. In order to reduce CVAD-associated 

complications in the paediatric population, RCTs of CVAD securement products are 

necessary to provide true estimates of relative effectiveness and inform practice (Craig 

et al., 2008). Prior to undertaking large efficacy trials, external pilot studies are 

necessary to examine issues of research feasibility including intervention acceptability, 

compliance and recruitment (Craig et al., 2008).  

Methods  

Aims 

The primary aim of this research was to evaluate the feasibility of launching a full-scale 

randomized controlled efficacy trial of paediatric tunnelled CVAD securement and 

dressing, using pre-defined feasibility criteria for recruitment, retention, protocol 

fidelity and product acceptability. The secondary aim was to compare the effectiveness 

of dressings and securement products on tunnelled CVAD complications and failure due 

to infection, occlusion, dislodgement, thrombosis, or breakage, for children in acute care 

facilities.  

Design 

This study was a four-arm, external pilot randomized controlled trial. Prior to study 

commencement the trial was registered with the Australian Clinical Trial Registry 

(ACTRN12614000280606), including a published protocol (Ullman et al., 2016c). 
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Study setting  

The trial was commenced at the Royal Children’s Hospital, Brisbane, Australia; and, 

after local hospital mergers, completed at the larger Lady Cilento Children’s Hospital, 

Brisbane, Australia. These are tertiary level, specialist paediatric teaching hospitals, 

providing health services to children and young people from birth to 18 years of age 

throughout Queensland, northern New South Wales and the Pacific Rim.  

Sample 

Participants who met the inclusion criteria were consecutively recruited: requiring a 

tunnelled, cuffed CVAD; less than 18 years of age; would remain hospital inpatients for 

greater than 24 hours; and informed consent to participate. Patients were not eligible if 

they had a current bloodstream infection, consent givers were non-English speakers 

without an interpreter, the CVADs were to be inserted through diseased, burned, scarred 

or extremely diaphoretic skin, had a known allergy to the study products, had a current 

skin tear, or had previously been enrolled in the study within the current hospital 

admission. 

Twelve participants were recruited per intervention group, with a final sample of 

48 participants. These sample size calculations were developed in accordance with the 

recommendations by Julious (2005) and Hertzog (2008); to facilitate accurate estimates 

of effect size while minimizing unnecessary costs, time and recruitment of future 

definitive study participants, where little data are available to base a sample size 

calculation. 

Interventions 

Participants were randomized to receive CVAD dressing and securement by: 
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 Standard care: Suture (Prolene®; Ethicon, New Jersey); and bordered 

polyurethane (BPU) dressing (Tegaderm® 1655 or 1616 dependent upon 

participant size; 3M, St Paul); 

 Sutureless securement device (SSD): Suture (Prolene®; Ethicon, New Jersey); 

Sutureless securement device (StatLock® VFDSSP; Bard, Georgia or GripLok® 

3601CVC; TIDI, Neenah WI); and BPU dressing (Tegaderm® 1655 or 1616; 

3M, St Paul); 

 Tissue adhesive (TA): One-two drops of Tissue adhesive (Histoacryl®; B. 

Braun, Germany) at insertion wound and under hub; and BPU dressing 

(Tegaderm® 1655 or 1616; 3M, St Paul); 

 Integrated securement dressings (ISD): Suture (Prolene®; Ethicon, New Jersey); 

and ISD (SorbaView SHIELD® SV254; Centurion Medical Products, 

Williamston). 

The application of these intervention arms can be seen in Figure 5.1. The 

intervention arms were developed taking into consideration current local practice, best 

available evidence and the safety of all participants. 
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A 

 

B  

 

c 

 

D 
 

Figure 5.1: Intervention products  
aBordered polyurethane and suture; bBordered polyurethane, suture and sutureless 

securement device; cIntegrated securement dressing and suture; dBordered polyurethane 

and tissue adhesive (no suture) 

Outcomes 

The primary outcome was feasibility of a full efficacy trial, established by composite 

analysis of elements of eligibility, recruitment, attrition, protocol adherence, missing 

data, parent and healthcare staff satisfaction, and effect size estimates to allow sample 

size calculations (2008; 2004; 2010). Sample size estimates were to be based upon the 

proportion of CVAD failure (cessation of catheter function prior to completion of 

therapy (Ullman et al., 2015d)), and CVAD complication (a composite of CVAD-
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associated BSI, local infection, occlusion, dislodgement, venous thrombosis and 

breakage). Each CVAD complication was defined in accordance with best practice 

guidance (Centers for Disease Control and Prevention, 2014; Fratino et al., 2009; 

Fratino et al., 2005; Ullman et al., 2015d).  

Secondary outcomes included the individual CVAD complications, CVAD-

related BSI (Centers for Disease Control and Prevention, 2014), securement dressing 

failure, and time to first dressing change, skin complications and direct product costs 

(Broadhurst et al., 2015). Full definitions of the primary and secondary outcomes can be 

found within the published protocol (Ullman et al., 2016c). Diagnoses of CABSI and 

CVAD-related BSI outcomes were by an independent, blinded infectious diseases 

specialist. Similarly, ultrasound for the identification of symptomatic venous thrombosis 

was requested by the clinical team coordinating the participants’ care, with diagnosis 

made by an independent, blinded radiologist using standard department protocols. 

Study Procedures 

The research nurse (ReN) screened patients daily via theatre bookings, obtained written 

informed consent, and performed randomisation. Randomisation was evenly distributed 

1:1:1:1 between study groups with randomly varying block sizes, using a web-based 

service (https://www151.griffith.edu.au/random) that ensured concealment. The ReN 

checked patients daily to inspect the CVAD and dressing securement products, collect 

data, and to ensure safety of the study participants. Participants were included in the 

trial until four weeks after CVAD insertion, study withdrawal, removal of the CVAD, 

or hospital discharge. CVAD securement and dressings were not amenable to blinding 

of patients, clinical staff or ReNs. 

Data collection was undertaken via REDCap (Research Electronic Data CAPture 

http://project-redcap.org/). The ReN collected data on primary and secondary outcomes 

https://www151.griffith.edu.au/random
http://project-redcap.org/
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using the pre-defined criteria. Demographic data were collected to assess success of 

randomization, describe the participant group and enable comparisons to inform future 

generalisability. Data were also collected regarding clinical characteristics known to 

increase the risk of CVAD complication and dressing integrity, including age, 

comorbidities, immune-compromise, CVAD utility, skin condition, insertion site and 

technique (Advani et al., 2011; Cecinati et al., 2012; Fratino et al., 2005; Jumani et al., 

2013; Lorente et al., 2004; Reichman & Greenberg, 2009; Robinson et al., 2013). At 

CVAD insertion and removal (or within 24 hours), the ReN asked the parents or 

caregivers, and healthcare staff for their perceived satisfaction with the intervention 

products (numeric rating scale 1–10 with increased positivity with higher scores).  

CVAD procedures 

All non-antimicrobial tunnelled, cuffed CVADs (Cook®; Cook Medical; Bloomington) 

were inserted in an operating theatre by a qualified consultant pediatric surgeon, or a 

surgeon in an approved pediatric surgical program, and managed by clinical staff in 

accordance with state and hospital policy (Centre for Healthcare Related Infection 

Surveillance and Prevention & Tuberculosis Control, 2013; Children’s Health Services, 

2011, 2014). The inserter chose the CVAD characteristics based on clinical judgement 

of patient needs, and then applied the allocated products (Frasca et al., 2010). Local 

hospital policy directed site decontamination at insertion with aqueous Betadine (10% 

povidone-iodine) and no routine antibiotic prophylaxis at insertion (Children’s Health 

Services, 2014). To maximise generalisability, clinical nursing staff changed study 

products weekly and as clinically indicated (e.g., interruption of dressing integrity), with 

education assistance regarding dressing application provided by the ReN. Product 

replacements/reinforcements, including tape were recorded. An absorbent dressing, 

such as sterile gauze, was used alternatively independent from the treatment arm 
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temporarily if the CVAD site was bleeding or oozing (Centre for Healthcare Related 

Infection Surveillance and Prevention & Tuberculosis Control, 2013; O’Grady et al., 

2011), with such use and its duration recorded.  

All other CVAD management procedures were as per hospital policy including 

the use of 2% chlorhexidine gluconate (CHG) in 90% alcohol for insertion site 

decontamination during dressing change, frequency and volume of flushing, neutral 

displacement mechanical valves needleless connectors, intravenous medication 

administration and administration set changes (Children’s Health Services, 2011). 

Clinical staff undertook blood and CVAD tip cultures on suspicion of infection, as per 

standard hospital and pathology protocols (Centre for Healthcare Related Infection 

Surveillance and Prevention & Tuberculosis Control, 2013; Maki et al., 2006; Rickard 

et al., 2015) .  

Statistical Analyses 

Descriptive statistics (counts, percentages) were used to ascertain the primary outcome 

of feasibility for the larger trial. All randomized patients were analyzed on an Intention 

to Treat (ITT) basis (Rothwell, 2006). Comparability of groups at baseline was 

described across demographic, clinical and device characteristics. Incidence rates (IR) 

of CVAD device failure and complication (per 1,000 catheter days) were used to 

summarize the impact of the intervention; with differences evaluated by calculating 

95% confidence intervals.  

Kaplan-Meier survival curves (with log rank test) were used to compare CVAD 

failure, complication, and first dressing duration over time. Standard data cleaning of 

outlying figures, missing, and implausible data was undertaken prior to analysis. 

Missing values were not imputed. P values of < 0.1 were evaluated as indicating some 



 255 

evidence against a null hypothesis, and values < 0.05 were considered statistically 

significant. Stata (StataCorp, 2014) was used for all analyses. 

Ethics 

Ethics approval for the trial was gained from the Children’s Health Services Queensland 

(HREC/13/QRCH/181) and Griffith University (NRS/10/14/HREC) Human Research 

Ethics Committees (HREC). Written informed consent from parents or legal guardians 

was gained prior to enrolment. Child assent was also gained, where appropriate. 

Results 

The pilot study recruited for 21 months, commencing recruitment at the Royal 

Children’s Hospital, Brisbane in April 2014 until pausing recruitment in October 2014 

due to the merger of two paediatric hospitals, and relocation to a new hospital. 

Recruitment recommenced at the Lady Cilento Children’s Hospital, Brisbane in March 

2015, completing recruitment in May 2016 when sample size was achieved. The 

CONSORT flow chart (Schulz et al., 2010) is displayed in Figure 5.2, demonstrating 

enrolment, allocation, follow-up and analysis of the study participants. Ninety-six 

patients were screened for recruitment, with 68 eligible, and 48 children participating in 

the pilot study. 
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Figure 5.2: CONSORT flow chart of study participants  

Characteristics 

As described in Table 5.6, the majority of participants were undergoing treatment for 

oncological or hematological conditions (n = 39; 81%), with a median age of 5.0 years 

(IQR 1.8, 11.6). CVADs were most commonly placed in the internal jugular vein (n = 

29; 60%), requiring only a single insertion attempt (n = 44; 94%). The majority received 

chemotherapy (n = 34; 71%), and around half received antibiotics (n = 23; 48%) during 

the study period. The majority of participant, CVAD insertion and CVAD utility 
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characteristics were evenly distributed across the intervention groups, with imbalance 

evident in the frequency of multiple insertion attempts and other characteristics, which 

is consistent with pilot trial design. 
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Table 5.6: Participant characteristics (n = 48) 

 
Standard 

Care 
ISD TA SSD Total 

Group size 11 (23%) 12 (25%) 12 (25%) 13 (27%) 48 (100%) 

Participant characteristics 

Age (years) a 3.1 

(1.7-14.5) 

6.2 

(1.7-11.7) 

4.9 

(1.0-11.6) 

5.0 

(2.5-8.8) 

4.8 

(1.8-11.6) 

Sex (male) 7 (64%) 4 (33%) 8 (67%) 10 (77%) 29 (60%) 

Skin integrity: 

- good 

- fair 

- poor 

 

3 (27%) 

6 (55%) 

2 (18%) 

 

4 (33%) 

5 (42%) 

3 (25%) 

 

7 (58%) 

4 (33%) 

1 (8%) 

 

7 (54%) 

4 (31%) 

2 (15%) 

 

21 (44%) 

19 (40%) 

8 (17%) 

Skin type (white) 8 (73%) 6 (50%) 10 (83%) 8 (62%) 32 (67%) 

Comorbidities: 

- none 

- one 

- two or more 

 

1(9%) 

7 (64%) 

3 (27%) 

 

0 (0%) 

8 (67%) 

4 (33%) 

 

1 (8%) 

8 (67%) 

3 (25%) 

 

1 (8%) 

9 (69%) 

3 (23%) 

 

3 (6%) 

32 (67%) 

13 (27%) 

Diagnosis: 

- oncology/hematology 

- medical 

- surgical 

 

8 (73%) 

2 (18%) 

1 (9%) 

 

10 (83%) 

1 (8%) 

1 (8%) 

 

10 (83%) 

1 (8%) 

1 (8%) 

 

11 (85%) 

1 (8%) 

1 (8%) 

 

39 (81%) 

5 (10%) 

4 (8%) 

Infection on recruitment 1 (9%) 2 (17%) 2 (17%) 1 (8%) 6 (12%) 

Leucocytes < 1,000 /μL 0 (0%) 3 (25%) 1 (8%) 0 (0%) 4 (8%) 

CVAD insertion characteristics 

CVAD placement: 

- internal jugular 

- subclavian 

- femoral 

 

9 (82%)  

2 (18%)  

0 (0%) 

 

7 (58%)  

4 (33%)  

1 (8%) 

 

7 (58%) 

5 (42%) 

0 (0%) 

 

6 (46%) 

7 (54%) 

0 (0%) 

 

29 (60%) 

18 (38%) 

1 (2%) 

Subsequent insertion 4 (36%) 7 (58%) 5 (42%) 4 (31%) 20 (42%) 

No. of lumens: 

- one 

- two 

- three 

 

2 (18%) 

8 (73%) 

1 (9%) 

 

0 (0%) 

9 (75%) 

3 (25%) 

 

2 (17%) 

8 (67%) 

2 (17%) 

 

0 (0%) 

11 (85%) 

2 (15%) 

 

4 (8%) 

35 (75%) 

8 (17%) 
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Multiple insertion 

attempts 

0 (0%) 0 (0%) 0 (0%) 3 (23%) 3 (6%) 

Ultrasound use 4 (36%) 7 (58%) 4 (33%) 4 (31%) 19 (40%) 

External length at 

insertion (cm) b 

12.3 (2.5) 15.4 (7.5) 13.3 (3.9) 13.3 (2.0) 13.6 (4.5) 

CVAD utility characteristics 

Received continuous 

intravenous therapy c 

4 (36%) 1 (8%) 5 (42%) 6 (46%) 16 (33%) 

Received parenteral 

nutrition and/or lipids c 

4 (36%) 4 (33%) 1 (8%) 2 (15%) 11 (23%) 

Received 

chemotherapy c 

9 (82%) 8 (67%) 7 (58%) 10 (77%) 34 (71%) 

Received blood 

products c 

4 (36%) 4 (33%) 2 (17%) 6 (46%) 16 (33%) 

Received antibiotics c 6 (55%) 7 (58%) 1 (8%) 9 (69%) 23 (48%) 

Confused, agitated or 

drowsy d 

1 (9%) 3 (25%) 0 (0%) 0 (0%) 4 (8%) 

CVAD dwell time 

(days) a,c 

14.1 

(5.0-27.9) 

9.0 

(4.5-16.5) 

8.6 

(4.1-21.5) 

17.1 

(9.0-27.0) 

12.4 

(5.6-26.0) 

n (%) shown unless otherwise noted; a median (25th and 75th percentiles); percentages 

may not add up to 100% due to rounding; percentages were calculated using the number 

of non-missing values in the denominator; b mean and standard deviation; c during study 

period; d at study completion; CVAD = Central venous access device; ISD = Integrated 

securement dressing; SSD = Sutureless securement device; TA = Tissue adhesive; μL = 

microlitre 

Feasibility of the study process 

As displayed in Figure 5.2, the majority of feasibility criteria were met with 71% of 

patients screened eligible, with 22 of these patients missed for recruitment due to 

CVAD insertion scheduling (weekend, out of hours), and 92% of patients approached 

for consent agreed to enrol. There were no participants lost to follow up and two 

patients (4%) withdrew prematurely from the study. Both of these patients withdrew 
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due to skin irritation (itchiness, redness) associated with study products (standard care; 

ISD). With parental consent, withdrawn participants were included in the analysis due 

to their prolonged participation leading to the point of withdrawal. Nine participants 

(19%) deviated from the study protocol for their allocated treatment, however for only 

4% of the total studied catheter days (25/647). No primary or secondary outcome data 

were missed during the study period, and four daily checks were missed out of total 673 

(0.6%).  

CVAD failure and complications 

Six percent of participants (n = 3) experienced CVAD failure prior to completion of 

treatment (IR 4.46 per 1,000 catheter days; 95% CI 1.44–13.8), and 6% of participants 

(n = 3) had a CVAD-associated complication during the study period (IR 4.46 per 1,000 

catheter days; 95% CI 1.44–13.8). As described in Table 5.7, CVAD failure was highest 

in the ISD group (n = 2; 17%), and CVAD complications were highest in the SSD group 

(n = 2; 15%). The TA and standard care groups performed best across both of these 

criteria with no associated CVAD failures or complications. There were no cases of 

CVAD-associated thrombosis, complete dislodgement, breakage, local infection, or 

CVAD-related BSI in any group. CVAD failure results were consistent when failure 

over time was compared with the Kaplan Meier curve of device failure (Figure 5.3).  
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Table 5.7: Study outcomes (n = 48) 

 
Standard 

Care 
ISD TA SSD Total 

Group size 11 (23%) 12 (25%) 12 (25%) 13 (27%) 48 (100%) 

CVAD failure  

Failure 0 (0%) 2 (17%)a 0 (0%) 1 (8%)b 3 (6%) 

Catheter-days 162 139 148 224 673 

Incidence Rate 

(95% CI) 

0.00 (^) 14.4 

(3.61-57.7) 

0.00 (^) 4.46 

(0.63-31.7) 

4.46 

(1.44-13.8) 

Log-rank test p-values referent 0.147 ^ 0.358 0.280 

CVAD complications 

All-cause complications c 0 (0%) 1 (8%) 0 (0%) 2 (15%) 3 (6%) 

Incidence Rate 

(95% CI) 

0.00 (^) 7.21 

(1.02-51.2) 

0.00 (^) 8.92 

(2.23-35.7) 

4.46 

(1.44-13.8) 

Log-rank test p-values referent 0.294 ^ 0.358 0.600 

Complication c,d  

- CABSI 

- dislodgement (partial) 

- occlusion (complete) 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

0 (0%) 

1 (9%) 

0 (0%) 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

1 (8%) 

1 (8%) 

1 (8%) 

 

1 (2%) 

2 (4%) 

1 (2%) 

All-cause skin 

complication d,e 

2 (18%) 2 (17%) 0 (0%) 1 (8%) 5 (10%) 

Skin complication d,e 

- rash 

- blister 

- itchiness 

 

1 (9%) 

1 (9%) 

2 (18%) 

 

0 (0%) 

1 (8%) 

1 (8%) 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

1 (8%) 

0 (0%) 

0 (0%) 

 

2 (4%) 

2 (4%) 

3 (6%) 

Staff satisfaction f,g 

- on application 

- on removal 

 

8.8 (1.6) 

8.9 (1.6) 

 

7.9 (2.0) 

8.6 (1.6) 

 

7.9 (2.1) 

5.5 (2.8) 

 

7.4 (1.7) 

8.2 (1.6) 

 

8.0 (1.9) 

7.8 (2.4) 

Parent satisfaction on 

removal f,g 

5.3 (2.3) 9.2 (1.0) 8.0 (1.7) 8.5 (1.9) 7.8 (2.3) 

n (%) shown unless otherwise noted; ^ = cannot be calculated; a due to spontaneous 

internal displacement; partial dislodgement; b due to partial dislodgement and occlusion; 
c at study completion; d Participants could have more than one complication or skin 

complication; e during the study period; f measured on a 0 (minimum) to 10 (maximum) 

scale; g mean and standard deviation. 

CABSI = Catheter-associated bloodstream infection; CVAD = Central venous access 

device; CI = confidence interval; ISD = Integrated securement dressing; TA = Tissue 

adhesive; SSD = Sutureless securement device 
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Figure 5.3: Kaplan-Meier curve of device failure 

Staff and parental feedback 

Overall satisfaction was highest in the integrated securement dressing (mean 8.5/10; SD 

1.2). As described in Table 5.7, mean staff satisfaction with product application (8.8/10; 

SD 1.6); and removal (8.9; SD 1.6) was highest for standard care; however mean parent 

satisfaction at study completion was highest for the ISD arm (9.2/10; SD 1.0). 

Dressing and securement performance 

Table 5.8 reports the dressing integrity performance between the study groups. Median 

time to first dressing change was longest for ISD (95.1 hours, IQR 56.1–146), as 

displayed in the Kaplan Meier curve (Figure 5.4), reflecting prolonged time to first 

dressing change for many participants compared to standard care. Non-routine dressing 

changes were most common in the standard care arm, with 17 non-routine dressing 
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changes in 162 catheter days (99 per 1,000 catheter days). Non-routine dressing changes 

in the standard care arm were most frequently (59%) due to lifting of the dressing edges. 

Table 5.8: Securement device outcomes (n = 48) 

 
Standard 

Care 
ISD TA SSD 

Group size 11 (23%) 12 (25%) 12 (25%) 13 (27%) 

Product purchase costs a $5.12-$6.02 $9.27 $17.57-$18.47 $8.60-$12.32 

Patients with dressing changes 10 (91%) 8 (67%) 7 (58%) 13 (100%) 

Time to first change (hours) b, c 79.6 

(60.8-104) 

95.1 

(56.1-146) 

37.0 

(11.2-177) 

61.1 

(35.4-111) 

Reasons for first change: d 

- routine 

- lifting 

- sweating 

- leakage 

- skin reaction 

- bleeding 

- other 

 

1 (10%) 

7 (70%) 

1 (10%) 

2 (20%) 

1 (10%) 

6 (60%) 

1 (10%) 

 

2 (25%) 

2 (25%) 

0 

0 

0 

4 (50%) 

2 (25%) 

 

3 (42%) 

2 (29%) 

0 

0 

0 

3 (43%) 

1 (14%) 

 

3 (8%) 

2 (15%) 

0 

1 (8%) 

0 

8 (61%) 

0 

Non-routine changes 17 10 4 25 

Reasons for non-routine changes: d   

- lifting 

- sweating 

- leakage 

- skin reaction 

- bleeding 

- other 

10 (59%) 

1 (6%) 

3 (18%) 

1 (6%) 

8 (47%) 

6 (35%) 

2 (20%) 

0 

0 

0 

6 (60%) 

4 (40%) 

2 (50%) 

0 

0 

0 

3 (74%) 

1 (25%) 

8 (32%) 

0 

1(4%) 

0 

15 (60%) 

4 (16%) 

 n (%) shown unless otherwise noted; a in Australian dollars according to local hospital 

prices 2016; b median, 25th and 75th percentiles shown; c excluding when initial securing 

device did not get replaced; d Participants could have more than one reason 

ISD = Integrated securement dressing; TA = tissue adhesive; SSD = Sutureless 

securement device; BPU = bordered polyurethane dressing 
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Figure 5.4: Kaplan-Meier curve of initial securement device failure 

Costs 

Each of the experimental arms was more expensive than standard care, when only 

product purchase costs were considered per application (see Table 5.8).  

Discussion  

This is the world’s first randomized controlled trial evaluating the effectiveness of 

tunnelled CVAD dressing and securement in all of paediatrics. The trial included 

innovative securement strategies that had never been tested on this device type, or 

within this population. This pilot trial evaluated the feasibility of a large efficacy trial, 

using pre-determined feasibility criteria, a registered and published trial protocol, and 

rigorous methods. 

As per our a priori definition of feasibility, a large efficacy trial of tunnelled, 

cuffed CVAD securement and dressing in paediatrics, using these intervention arms, is 
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feasible. Study processes were successful, with targets for eligibility, recruitment, 

retention, attrition, protocol adherence and missing data achieved. The proportion of 

failure (6%) and complication (6%) have provided point estimates for future 

interventional studies; and for a 5% absolute reduction in CVAD failure or complication 

is to be reached in future efficacy studies (p = 0.05; 80% power (StataCorp, 2014)), 211 

participants would be needed for each intervention group. However, of the three CVAD 

failures within the trial, one was not directly associated with the securement device. 

Within the ISD group, a CVAD spontaneously internally displaced into a non-central 

position. This suggests the definition of failure would need amending in future trials. 

Overall, it is too soon to assess if one CVAD dressing and securement option is 

superior. At this early stage of trialing, all products appear generally safe and feasible 

for future testing. Our feasibility outcomes demonstrated that high-quality research 

examining CVAD securement in this population is achievable; however the best product 

for future research is yet to be established. 

The most common cause of CVAD-associated complication within the pilot 

study was partial dislodgement (2/46; 4%), occurring in two of the intervention arms 

(ISD, SSD). While the rates of complication and failure evident in our study are lower 

than the recent meta-analysis of observational studies (Ullman et al., 2015d), they 

demonstrate the continuing problem associated with CVAD management in paediatrics. 

Despite higher complications rates, parent satisfaction was highest for the ISD arm, 

with TA and SSD also performing better than standard care. 

Within this study both TA and ISD showed potential to increase the time 

between CVAD insertion and first dressing change, and their true effectiveness and 

cost-effectiveness should be further investigated. The minimisation of dressing changes 

during the immediate post-insertion period is an important concern for this population. 
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Paediatric patients are frequently non-compliant, and extremely stressed by CVAD 

dressing changes. Each dressing disruption also potentially places the patient at 

increased risk for CVAD-associated infection (Timsit et al., 2012a) and accidental 

dislodgement.  

Each of the experimental arms was more expensive than standard care, when 

only basic equipment costs were considered per application. Additional costs related to 

the time of skilled clinicians applying and removing the products was not be considered, 

nor the cost of treating complications and failure. These short-term, immediate costs 

should be weighed against the potential sequelae if reductions in dressing change 

frequency, CVAD-associated complications and catheter failure are prevented. Recent 

case-control studies demonstrated that pediatric CVAD-associated BSIs cost healthcare 

systems around $55,646 (2011 USD) and 19 additional days admitted to hospital 

(Goudie et al., 2014), with even higher costs ($69,332; 2011 USD; 21.2 additional days 

in hospital) for the hematology and oncology pediatric population (Wilson et al., 2014). 

Delays to treatment and the insertion of replacement CVADs due to other causes of 

CVAD failure and complication are also expensive to healthcare systems, and have a 

significant impact on the morbidity and mortality of pediatric patients. The investment 

in more expensive CVAD securement devices is likely to be worthwhile, if significant 

improvements in CVAD complications and failure can be attained, and future research 

needs to investigate this. 

The recent Cochrane review (Ullman et al., 2015c) found moderate quality 

evidence that chlorhexidine gluconate- impregnated dressing products significantly 

reduced catheter-related BSI per 1,000 patient days, and catheter tip colonisation, 

compared with conventional polyurethane dressings. However the majority of these 

studies were within the adult, critical care population and transferability of these results 
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outside of this population has not been established. Researchers should build on 

previous work (Chambers et al., 2005; Ruschulte et al., 2009) to further examine the 

role of CHG-impregnated dressing products in the oncology and pediatric domain.  

CVAD-associated skin injuries were a substantial issue within our study, with 

site complications identified in 9% of participants, with two additional participants (4%) 

withdrawing from the study due to skin irritation. This suggests CVAD-associated skin 

injuries should be included as a primary, rather than a secondary endpoint in future 

studies. Paediatric CVAD sites are at risk for significant damage due to the combination 

of skin impairment related to the patient’s age and morbidity and additional irritation of 

the CVAD site during maintenance procedures (Thayer, 2012). Local site infection, 

moisture-related injuries, contact dermatitis and medical adhesive-related injuries 

(MARSI) related to CVAD sites are frequently reported in the literature (Kutzscher, 

2012; LeBlanc & Baranoski, 2011; McNichol, Lund, Rosen, & Gray, 2013; Thayer, 

2012; Ullman et al., 2015c; Wall et al., 2014); however overall prevalence rates have 

not been published. Identifying patients at risk for skin complication and instituting 

preventative strategies will further improve clinical outcomes for this vulnerable 

population. 

This pilot study has several limitations. The sample size is small, and the results 

should not be used to guide clinical practice, however it was never designed to do so. 

The study was only carried out in two sites in Queensland and its generalizability 

outside of this population is unknown. Participants, family members and the research 

staff were not blinded to the intervention allocation, due to the visibility of the 

securement products. It is highly unlikely that they would intentionally cause CVAD 

complications because of any preference for any of the treatment arms. The study 

outcomes of CABSI, catheter-related BSI, and venous thrombosis were assessed by 
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blinded infectious diseases and radiological personnel. The validity and reliability of the 

study has been ensured through following a prospectively registered study protocol, 

independent randomization, dedicated ReN, and allocation concealment until study 

entry. 

Conclusions 

High-quality research involving children with tunnelled, cuffed CVADs is feasible, and 

CVAD securement can play an important role in the prevention of CVAD-associated 

complications (Hill et al., 2010; Levy et al., 2005; Ullman et al., 2015c). Careful 

consideration should be given by interdisciplinary clinicians when choosing CVAD 

securement, to ensure it is the most appropriate device for the individual needs of their 

patient. Further research is necessary to examine the effectiveness of novel securement 

and dressing products for CVADs in paediatrics.  
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Chapter 6 Conclusion 

Introduction 

In this final chapter, the conclusions and recommendations of this study are presented. 

First, an overview of the study methods and findings of this investigation is provided. 

Next, the contributions of this study to the knowledge base concerning CVADs in the 

paediatric population are demonstrated. Finally the conclusions of this study are stated, 

including the offer of recommendations for clinical practice and future research. 

Overview of structure and methods  

The study was underpinned by the Canadian Critical Care Trials Groups’ (CCCTG) 

Model of Programmatic Research (Marshall & Cook, 2009) and the United Kingdom’s 

Medical Research Council’s Developing and Evaluating Complex Interventions 

Framework (Craig et al., 2008),  incorporating an integrated series of investigations, 

using a variety of complementary methods to ensure a comprehensive system of 

research. The identification of what was previously known was achieved through three 

published systematic reviews and one unpublished systematic search and summary. The 

first consisted of a systematic critique and meta-analysis of the literature concerning 

paediatric CVADs, and their complications and failure (Ullman et al., 2015d). This was 

conducted using an established, reliable approach for the meta-analysis of observational 

studies describing dichotomous and time-based outcomes (Nyaga et al., 2014), and was 

reported in accordance with MOOSE (Meta-analysis of observational studies in 

epidemiology) (Stroup et al., 2000).  

Secondly, a systematic search and summary of published clinical practice 

guidelines (CPGs) for the management of paediatric CVADs was undertaken, with the 

search results described following the PRISMA framework (Moher et al., 2010). This 

systematic search and summary was conducted to describe the evidence available to 
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inform paediatric CVAD management. The identified CPG were then summarised to 

describe their scope and the major recommendations for the management of paediatric 

CVADs to prevent complication.  

Thirdly, a systematic review and meta-analysis of RCTs evaluating the 

effectiveness of CVAD dressing and securement was undertaken (Ullman et al., 2015c). 

This review utilised established methodology prescribed by the Cochrane Collaboration 

(Higgins & Green, 2011), including a priori registered and published protocol (Ullman 

et al., 2013b) and risk of bias assessment. Meta-analyses were performed using a 

random-effects models (Higgins & Green, 2011), and multiple treatment meta-analyses 

(MTM) incorporated in order to provide a ’ranking’ of each assessed intervention 

(White et al., 2012b). 

Next, a narrative systematic review was undertaken to synthesize the 

accumulated state of knowledge and trends within CVAD securement and dressing 

research (Ullman et al., 2015a). It included a priori inclusion criteria for study selection 

and followed the recommendations for narrative review methodology by Green and 

colleagues (Green et al., 2006). All studies that focussed on the underpinning principles 

involved in CVAD securement and dressing products for the prevention of CVAD 

failure and complications were included in the review. 

In order to further understand the management of paediatric CVAD to prevent 

associated complications, a point prevalence audit and survey of CVAD practices were 

conducted throughout six tertiary hospitals in Australia (Ullman, Cooke, Kleidon, & 

Rickard, 2016a). All patients admitted as inpatients in the study sites at the time of the 

study were invited to participate in the point prevalence audit, and senior clinical 

representatives provided additional whole of site information via survey. The point 

prevalence audit data collection tool was adapted from previous adult intravascular 
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device research (Alexandrou, 2014; New et al., 2014; Russell et al., 2013), and 

optimised for the paediatric population. CVAD-associated complication definitions 

were in accordance with benchmark literature (Centers for Disease Control and 

Prevention, 2014; Fratino et al., 2005; Ullman et al., 2015d). The survey tool was 

developed using compilations and variations of previous surveys of intravascular device 

management (Alexandrou, 2014; Rickard et al., 2004; Ullman et al., 2014). To ensure 

reliability and validity, both data collection tools were assessed for content validity, and 

the point prevalence audit tool was assessed for feasibility and inter-rater reliability 

(IRR) using standard methods (Griffiths & Murrells, 2010; Hallgren, 2012; Lynn, 1986; 

Polit et al., 2007; Rattray & Jones, 2007). On the day of data collection, the site 

investigator and team screened all patients admitted to the study site and audited all 

patients with a CVAD, including informed consent where required. A primarily 

descriptive analysis was undertaken, with associations between complications and 

clinical or device characteristics assessed using Fisher’s Exact Test, Chi Square and 

Mann-Whitney U Tests, as appropriate for sample size, distribution and level of 

measurement of the data. 

Finally, a pilot randomized controlled trial (RCT) was undertaken to test the 

feasibility of undertaking a full-scale randomized controlled efficacy trial of tunnelled, 

cuffed CVAD dressing and securement to reduce complications in paediatric acute care. 

The primary outcome for the pilot RCT was feasibility of a full efficacy trial, 

established by composite analysis of elements of eligibility, recruitment, retention and 

attrition, protocol adherence, missing data, parent and healthcare staff satisfaction and 

acceptability, and sample size estimates (Hertzog, 2008; Lancaster et al., 2004; Thabane 

et al., 2010). Sample size calculations were developed in accordance with the 

recommendations by Julious (2005) and Hertzog (2008) to facilitate accurate estimates 
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of effect size while minimizing unnecessary costs, time and recruitment of future 

definitive study participants. The reliability of the study was ensured through the 

adherence to the a priori registered and published study protocol (Kimberlin & 

Winterstein, 2008; Ullman et al., 2016c). Internal validity was maintained by following 

the study protocol monitored by the researcher, with adherence to reporting safeguards 

to minimise bias. Use of computer-generated randomisation and allocation concealment 

was used to avoid risk of selection and allocation bias. While the CVAD securement 

and dressing products trialled were not amenable to blinding of patients, family 

members, clinical staff or research staff; radiological and laboratory staff assessing the 

CABSI and venous thrombosis outcomes were blinded. With an intention-to-treat 

approach, all participants were accounted for in the final analysis following 

randomisation (Rothwell, 2006). The CONSORT Guidelines (Schulz et al., 2010), 

including the checklist and diagram, were used to report the trials findings (Ullman et 

al., 2016d). 

Overall this research has consistently followed the CCCTG Model of 

Programmatic Research (Marshall & Cook, 2009) and the Medical Research Council’s 

Developing and Evaluating Complex Interventions Framework (Craig et al., 2008). This 

has ensured a comprehensive and systematic research approach to inform paediatric 

CVAD management and reduce associated complications. 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.  

Findings 

Complications and failure of paediatric CVAD 

Firstly, the research has demonstrated that CVAD failure and complications within 

paediatrics are a highly prevalent and significant problem internationally. In the 74 
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cohort studies which met the systematic reviews inclusion criteria, 25% of CVADs in 

paediatrics failed prior to completion of therapy (95% CI 20.9%–29.2%) at an incidence 

rate (IR) of 1.97 per 1,000 catheter days (95% CI 1.71–2.23). The highest proportion 

and rates of CVAD failure were evident in umbilical, PICC and haemodialysis devices. 

This was the first systematic review on this topic ever published. 

Rates of complications, such as catheter blockage, local infection, and CVAD-

associated bloodstream infection (BSI) were all unacceptably high. Tunnelled CVADs 

had the highest pooled proportion of occlusion or blockage (12.1%; 95% CI 0.4%–

23.5%) and local infection or phlebitis (4.8%; 95% CI 1.4–9.6). Overall, 10.3% (95% 

CI 8.9%–11.6%) of paediatric CVADs developed a CVAD-associated BSI with an IR 

of 1.63 per 1,000 catheter days (95% CI 1.40–1.86). Tunnelled CVADs also had the 

highest pooled proportion of CVAD-associated BSI (19.9%; 95% CI 12.6%–27.2%). 

These rates of failure and complication have a substantial impact upon patients relying 

upon these devices for treatment, resulting in treatment delays, morbidity and mortality. 

This research has demonstrated that paediatric CVAD failure and complications place a 

massive economic and physical burden on the international healthcare system, patients 

and families. 

Given that many cases of CVAD failure and complications are thought to be 

avoidable (Loveday et al., 2014), the current rates in paediatrics described in this 

research demonstrate that further evidence-based improvements to their insertion and 

maintenance are necessary. This includes insertion and maintenance practices 

surrounding CVAD dressing and securement, needleless access devices, flushing 

procedures and CVAD materials. Research to develop and apply innovative and 

effective solutions is required urgently to prevent CVAD failure in this vulnerable 

paediatric group. 
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This study also demonstrated current gaps in the breadth and quality of research 

into paediatric CVAD failure and complications. This was especially evident for non-

tunnelled, haemodialysis catheters, and umbilical catheters. Further prospective cohort 

studies estimating the rates of failure and complications of CVADs in paediatrics are 

necessary to provide benchmarking targets and inform practice innovations.  

Management of paediatric CVAD to prevent complications and failure 

Evidence-based strategies have been developed to prevent CVAD complications by 

focussing on different aspects of infective, mechanical and vascular complications and 

their pathogenesis (Kornbau et al., 2015; Mermel et al., 2009; O’Grady et al., 2011). 

Clinical practice guidelines (CPGs) have been developed to summarise current 

evidence, to guide clinicians in hospital and other care settings regarding paediatric 

CVAD management. In order to describe the current recommended strategies to prevent 

complications associated with the management of paediatric CVAD, a systematic search 

and summary of relevant CPGs was undertaken. 

The systematic search for CPGs examining paediatric CVAD management to 

prevent complication identified 14 relevant guidelines (Australian and New Zealand 

Intensive Care Society, 2012; Carraro et al., 2013; Debourdeau et al., 2009; Doellman et 

al., 2015; Frykholm et al., 2014; Infusion Nurses Society, 2016; Intravenous Nursing 

New Zealand Inc, 2012; Loveday et al., 2014; Moran & Ash, 2008; National Health and 

Medical Research Council in partnership with the Australian Commission on Safety and 

Quality in Healthcare, 2010; O’Grady et al., 2011; Pittiruti et al., 2009; Polkinghorne et 

al., 2013; Schiffer et al., 2013). The paediatric CVAD management strategies 

consistently recommended by CPGs concentrated on the elements of hand hygiene, 

aseptic handling, administration set changes, site assessment, documentation, education 

of staff, family members and patients, and the removal of redundant catheters. There 
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were inconsistencies between CPGs regarding choice of needleless access device, 

antisepsis solutions for skin and device decontamination, flushing frequency and lock 

solutions. These contradictions are most likely due to the low quality of evidence 

currently available on which to base recommendations.  

The majority of CPGs recommended the use of either sterile gauze or sterile, 

transparent, semipermeable dressing to completely cover the CVAD site (Frykholm et 

al., 2014; Infusion Nurses Society, 2016; Intravenous Nursing New Zealand, 2012; 

O’Grady et al., 2011; Polkinghorne et al., 2013). CPGs generally recommended 

suturing of the CVAD to the surrounding tissue; however there is some concern 

regarding the association between suturing and increased risk for CVAD dislodgement 

and CVAD-associated infection (Australian and New Zealand Intensive Care Society, 

2012; Loveday et al., 2014; O’Grady et al., 2011; Pittiruti et al., 2009). Overall, 

paediatric CVAD management CPGs provided only brief recommendations regarding 

effective dressing and securement to prevent complications. 

However, this systematic search and summary of paediatric CVAD management 

demonstrated that there are several evidence-based management strategies that should 

be consistently applied within clinical care to reduce paediatric CVAD complications. 

While surveys of paediatric management practices have been published (Douglas et al., 

2009; Harron et al., 2011; Ullman et al., 2014), there had not been an accurate 

description, via prospective audit, of paediatric CVAD management within Australia or 

internationally. Accurate description of paediatric CVAD management is necessary in 

order to identify current practice inadequacies, so clinicians and researchers are able to 

prioritise resources and research on areas requiring improvement. 
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CVAD securement and dressing to prevent complications and failure 

Within the Cochrane systematic review, 22 studies involving 7,436 participants 

comparing nine different types of CVAD securement devices or dressings were 

included. There was moderate quality evidence that CHG dressings for CVADs reduce 

the risk of both CVAD-related BSI (RR 0.51, 95% CI 0.33–0.78), and catheter tip 

colonisation (RR 0.58, 95% CI 0.47–0.73) compared with SPU dressings or other (non-

impregnated) dressing types. There was high quality evidence that medication-

impregnated dressings reduced the incidence of CVAD-related BSI, relative to all other 

dressing types (RR 0.60, 95% CI 0.39–0.93), but this evidence mainly came from 

intensive care settings, involving intensive care CVAD types.  

The results of the multiple treatment meta-analyses (MTM) were generally in 

agreement with the pair-wise comparisons. CHG dressings were ranked as having the 

highest probability of reducing the incidence of catheter tip colonisation and were 

second to sutureless securement devices (SSD) for reducing the incidence of CVAD-

related BSI and the frequency of CVAD-related BSI per 1,000 patient days. The level of 

evidence reported in the MTM was of low to moderate quality, and further research may 

alter these results. 

For all other dressing and securement types, CVAD complications, and CVAD 

types, the evidence was less definite. It was unclear whether there was a difference in 

the rate of catheter-related BSI for securement with gauze and tape or standard 

polyurethane (SPU) dressings (RR 0.64, 95% CI 0.26–1.63, low quality evidence). It 

was also unclear if there was a difference in rates of skin irritation or damage when 

CHG dressings were compared with SPU dressings (moderate quality evidence) (RR 

11.17, 95% CI 0.84–149.48). The results were heavily influenced by a single study that 

examined 705 neonatal ICU participants (59.2% of participants in the meta-



 277 

analysis; (Garland et al., 2001)). The majority of reactions occurred in neonates up to 28 

weeks gestational age and up to 1,000 g in weight. Local contact dermatitis from the 

CHG dressing may limit its use in acutely ill low birth weight neonates or others with 

impaired skin integrity (Garland et al., 2001). 

 It was also unclear whether there were differences in entry and exit site 

infections, skin and site colonisation, and failed catheter securement between gauze and 

tape and SPU dressings. There were inadequate data to facilitate a meta-analysis for the 

remaining dressing and securement types; including the use of SSD and bordered 

polyurethane dressings. This means that there is ongoing uncertainty regarding the 

effectiveness of several of the commercially and clinically available products. 

Additionally, several outcomes, including skin or site colonisation and dressing 

durability, were poorly reported. CVAD security was not adequately addressed by the 

included studies. Considering the serious consequences associated with accidental 

CVAD removal due to poor security, this is an outcome that needs to be investigated. 

The role of CVAD dressing and securement to prevent complication and failure 

was further examined within the narrative review. Within the 21 studies included within 

the qualitative synthesis, the overarching principles of CVAD securement and dressing 

to prevent CVAD failure and complication described were: providing a barrier to 

microbial colonisation and contamination; reducing internal and external motion; and 

the impact of dressing disruption. CVAD securement and dressing products provide 

these functions using coating, adhesion, antimicrobial properties, absorbency and 

moisture vapour transmission; without causing irritation to the skin and ideally 

maintaining visibility of the insertion site.  

This review further described the growing variety of CVAD dressing and 

securements available within the clinical environment. Innovative CVAD dressing and 
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securement products identified included integrated securement dressings and tissue 

adhesive. However, the review emphasised the lack of high quality evidence regarding 

their effectiveness to prevent CVAD complications and failure. 

The review also highlighted the complexity, diversity and vulnerability of the 

patient population with CVADs. Heterogeneous patient and clinical characteristics, 

including co-morbidities, patient size, immunosuppression, impaired skin, and facial or 

body hair, demand the tailoring of CVAD securement and dressing products for greatest 

effectiveness at preventing CVAD failure. The individual efficacy of each dressing and 

securement type needs to be ensured for each of the populations requiring them. 

Clinicians, family members and patients require evidence and education to ensure these 

complex choices in CVAD securement and dressing are made appropriately, to prevent 

CVAD failure throughout the care continuum.  

Point prevalence audit and survey of CVAD in Australian paediatric acute 

care 

CVADs are an essential component of paediatric healthcare, with this study describing 

CVADs prevalent in over a quarter of children (26.1% patients) admitted to six acute 

care hospitals in Australia. This was the first study ever published on this topic. The 

majority of patients had a single CVAD (95.2%; 236 CVADs), with the most prevalent 

being tunnelled, cuffed CVADs (32.6%; 85 CVADs) and totally implanted devices 

(25.7%; 69 CVADs), commonly placed in the internal jugular (44.1%; 115 CVADs). 

Over a third of CVADs were subsequent devices, replacing or adding to a previous or 

existing CVAD (37.9%; 99 CVADs). 

Evidence-practice gaps were evident in several specific clinical practice areas. 

CVAD dressing and securement practice was complex, with nine different primary 

dressing products and seven different primary securement products in use. While un-
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bordered, transparent dressings remain the most common dressing product, 13.5% were 

not clean, dry and intact (35 CVADs), and over a quarter were reinforced by non-sterile 

dressing products (26.4%; 69 CVADs). CHG-impregnated dressing products were only 

used in 16.7% of CVADs in intensive care (n = 7), despite the high level evidence 

regarding their effectiveness to reduce CVAD-associated BSI (Safdar et al., 2014; 

Ullman et al., 2015b; Ullman et al., 2015c). This identifies an area of improvement for 

paediatric CVAD management.  

Inconsistency was evident in other management characteristics including 

flushing and documentation of site assessment. Within the audit, over half the CVADs 

(57.5%; n = 150) had no flushes ordered, with variation in prescribed normal or 

heparinised saline for the remainder. Considering the high frequency of catheter 

blockage described in the audit and other studies (Ullman et al., 2015d), research is 

urgently required to compare the effectiveness of flushing solutions to maintain CVAD 

patency. Documentation of the assessment of the CVAD insertion site was another 

specific area for improvement, as there was no documentation of site inspection within 

the previous 24 hours in 21% of cases. 

Almost 10% of paediatric CVADs audited were associated with a complication 

in the preceding seven days (25 CVADs). Such complications would naturally be higher 

over the entire CVAD dwell. The most frequent complications being catheter blockage 

(5.7% CVAD, n = 15) and bloodstream infection (1.9% CVAD, n = 5). In addition, 

local site complications were evident in 10.3% of CVAD (n = 27), most frequently 

bruising (5.0% CVAD, n = 13), and redness extending > 1 cm from the insertion site 

(1.9% CVAD, n = 5). CVAD redundancy was possible in many cases, with over 13% of 

CVADs having no prescribed fluid or medications in the next 24 hours (13.4%; 35 

CVADs), of these 31.4% were temporary (8 PICCs; 2 non-tunnelled, percutaneous 
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CVADs; 1 haemodialysis catheter) and 68.6 % were more permanent devices (15 totally 

implanted devices; 9 tunnelled, cuffed CVADs). These findings clearly demonstrated 

the need for research to reduce complications.  

A key cause for the inconsistency in CVAD management may be a result of 

variations in CVAD guidelines between institutions, the large volume of CVAD 

products available at each site, and the lack of specialist CVAD teams at over half the 

study sites. While all surveyed hospitals had CVAD maintenance guidelines for staff, 

the breadth and content of the guidelines varied considerably between sites. Strong and 

consistent guidelines, sufficient expert support and other resources to support decision 

making are necessary to ensure consistent, evidence-based CVAD management to 

improve CVAD outcomes for children.  

Pilot, randomised controlled trial of dressing and securement for tunnelled 

CVAD in paediatrics  

Within the 48 participant pilot RCT, the a priori definition of feasibility was reached, 

demonstrating that a large efficacy trial of tunnelled, cuffed CVAD securement and 

dressing in paediatrics, using the pre-defined intervention arms, was feasible. Study 

processes were successful, with targets for eligibility, recruitment, retention, attrition, 

protocol adherence and missing data achieved. Overall satisfaction was highest in the 

integrated securement dressing (mean 8.5/10; SD 1.2). 

The proportion of failure (6%) and complication (6%) have provided point 

estimates for future interventional studies; and for a 5% absolute reduction in CVAD 

failure or complication is to be reached in future efficacy studies (p = 0.05; 80% power 

(StataCorp, 2014)), 211 participants would be needed for each intervention group. Six 

percent of participants (n = 3) experienced CVAD failure prior to completion of 

treatment, and 6.3% of participants (n = 3) had a CVAD-associated complication during 
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the study period. CVAD failure was highest in the ISD group (n = 2; 17%), however 

CVAD complications were highest in the SSD group (n = 2; 15%). The TA and 

standard care groups performed best across both of these criteria with no associated 

CVAD failures or complications. The feasibility outcomes demonstrated that high-

quality research in this population examining CVAD securement is achievable; however 

the best product for future research is yet to be established. These were all valuable 

learnings and will form the basis for future research. 

Minimising dressing changes is also an important concern for this population, as 

a means to reduce stress, reduce the risk for CVAD-associated infection (Timsit et al., 

2012a), and accidental dislodgement within the procedure. Mean time to first dressing 

change was longest for ISD (95.1 hours, IQR 56.1, 146), but TA was also associated 

with a prolonged time to first dressing change for many participants. Non-routine 

dressing changes were most common in the standard care arm, with 17 non-routine 

dressing changes in 162 catheter days (99 per 1,000 catheter days). Non-routine 

dressing changes in the standard care arm were most frequently due to lifting of the 

edges of the dressing (59%). The absorbency and strengthened borders of the ISD, and 

the immediate haemostatic properties of the TA, may be resulting in improved dressing 

integrity, but further studies are required to ascertain their true effectiveness. 

The participants were often significantly systemically compromised and, during 

their ongoing treatment, at risk for developing CVAD-associated skin injuries including 

medical adhesive-related skin injuries, moisture-related injury and dermatitis 

(Broadhurst et al., 2015; Thayer, 2012). The research found site complications in 9% of 

participants, with two additional participants (4%) withdrawing from the trial due to 

skin irritation, when patients with pre-existing skin conditions were ineligible for 
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inclusion. It is likely that a single dressing and securement product will not meet the 

needs of all children requiring them.  

Each of the experimental arms examined in the trial was more expensive than 

standard care, when only products purchase costs are considered per application. When 

purchased through a standard Australian hospital process, standard care (BPU + suture) 

cost between $5.12 and $6.02 AU; ISD treatment (suture + dressing) cost $9.27; SSD 

treatment (SSD + suture + BPU) cost between $8.60 and $12.32; and TA treatment 

(tissue adhesive + BPU) cost between $17.57 and $18.47. When interpreting these 

results, additional costs related to the time of skilled clinicians applying and removing 

the products need also to be considered. However, these short-term, immediate costs 

should be weighed against the potential sequelae, if reductions in dressing change 

frequency, CVAD-associated complications and catheter failure are prevented. The 

investment in more expensive CVAD securement devices is likely to be worthwhile, if 

significant improvements in CVAD complications and failure can be demonstrated in 

future trials. 

Conclusions 

This PhD has clearly identified the current international and national CVAD 

complications for paediatric acute care patients using rigorous, reliable methods. This 

has been achieved comprehensively through a systematic review, point prevalence audit 

and survey. This information can now be used for international and local benchmarking 

to target areas needing improvement, direct practice change and isolate areas requiring 

further research. 

This PhD research has also completed a systematic program of high quality 

research to identify and evaluate the feasibility of undertaking further trials of 

securement and dressing products for tunnelled, cuffed CVADs used for paediatric 
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acute care patients with rigorous methods. This includes the world’s first Cochrane 

systematic review of the effectiveness of the large variety of CVAD dressing and 

securement products. An integrative review was also undertaken in order to further 

contextualise the larger body of non-RCT research in this area. Finally, using the 

information gleaned from these systematic reviews, the world’s first pilot RCT of 

CVAD dressing and securement was undertaken for children with tunnelled, cuffed 

CVADs. 

For these reasons, this PhD research is innovative, significant and important. It 

has provided a clear platform to inform immediate CVAD practice development for 

clinicians. It has also identified several key areas of paediatric CVAD practice that 

require further research to develop best practice and improve patient outcomes.  

Implications for clinicians 

Practice development for clinicians responsible for paediatric CVADs should begin 

with the external benchmarking of local complications and failure rates. They can use 

the systematic review of paediatric CVAD failure and complications (Ullman et al., 

2015d) to compare their current rates of CVAD failure and complication with an 

international standard, per device type. This information can be used to identify areas 

requiring investment of education and quality improvement resources. 

Nurses and other interdisciplinary clinicians should also examine their local 

CVAD dressing and securement products’ performance. The PhD research has 

established that many CVAD dressings and securement products are not meeting the 

basic criteria of maintaining a clean, dry and intact protection to prevent complications. 

Improving nursing practice with an emphasis on site assessment, including dressing 

integrity, documentation, and action, is likely to improve CVAD outcomes for patients. 
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Regular, frequent, and critical site assessment may impact also upon the frequency of 

more progressive skin complications (e.g., exit site infection).  

Nurses continue to vary CVAD management strategies based on individual 

knowledge, personal acceptability and availability of products (Ullman et al., 2014), 

rather than high quality evidence. This is likely to be a result of inconsistent CVAD 

management guidelines across paediatric centres. Interdisciplinary clinicians should 

work collaboratively to examine the content of paediatric CVAD clinical practice 

guidelines across Australian paediatric facilities. Strong and consistent guidelines based 

upon the best available evidence are necessary to ensure consistent, evidence-based 

CVAD management strategies to improve CVAD outcomes for children.  

 Finally, this PhD research has provided guidance to recommend that clinicians 

to apply CHG-impregnated dressing products for CVADs in ICU settings, although 

with care in those with impaired skin integrity (e.g., low birth weight neonates). These 

products can be used within this population to effectively reduce the frequency of 

CVAD-related BSI and catheter tip colonisation. The evidence for the effectiveness of 

CHG dressings is not generalisable beyond these settings at this stage.  

Implications for research 

Across the phases of this PhD research there have been many implications for the 

development and prioritisation of future research into the identifica tion and prevention 

of paediatric CVAD complication. Within the systematic review of CVAD 

complications, the study demonstrated the current gaps in the breadth and quality of 

research into paediatric CVAD failure and complications. There were inadequate 

studies identified that reported CVAD failure and complications for non-tunnelled 

devices, as the majority of studies examined non-tunnelled CVADs and only reported 

CVAD-associated BSI. The failure and complications associated with haemodialysis 
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and umbilical catheters were also inadequately reported, with only six studies of 749 

CVADs available. Additionally, while multiple cohort studies described the failure of 

PICCs and totally implanted devices, the majority used retrospective methods, a less 

reliable means of data collection. Future descriptions of CVAD failure need to be 

planned prospectively, report the range of CVAD complications types (e.g., 

dislodgement), use validated definitions for outcome measures and report denominator 

information including catheter days.  

Previous international focus on the prevention of CVAD complications from 

organisations such as the World Health Organization (WHO) and the Centers for 

Disease Control and Prevention (CDC) has been solely focused on CVAD-associated 

BSI, and generally in the ICU setting. However, this project demonstrated that there is 

also a high rate of failure due to occlusion, thrombosis, breakage and dislodgement. 

These mechanical complications also result in an interruption to necessary treatment 

and the insertion of new CVAD, and should be the focus of technological and practice 

advancements. High quality research is necessary to evaluate the effectiveness of these 

innovative solutions, to prevent mechanical CVAD failure.  

Within the systematic review of CVAD complication and failure, totally 

implanted devices were frequently associated with the lowest pooled incidence rate of 

failure and complications. It may be that due to lower rates of failure and complications, 

the cost-effectiveness of totally implanted devices is superior to other long term CVAD 

types for some population groups. RCTs studying comparative clinical and cost-

effectiveness of totally implanted devices, compared to other intravascular device types 

in suitable populations (e.g., cystic fibrosis) are needed. 

  An important area of CVAD management, which is in urgent need for high 

quality research, is the identification of the optimal flushing interventions for CVADs to 



 286 

promote device patency. This program demonstrated that there is large variation in 

current CVAD flushing practice, including frequency and solution. This variation is 

likely to be a reflection of the current low level of evidence to support clinical decision 

making. Considering the high frequency of catheter blockage described in the PhD 

research, trials are urgently required to compare the effectiveness of flushing solutions 

to maintain CVAD patency. 

This program has also highlighted that more, high quality research is needed 

regarding the relative effects of dressing and securement products for CVADs for all 

populations and device types. The products trialled within the pilot trial should also be 

trialled in other vascular access devices (e.g., PICCs) and patient groups (e.g., ICU). 

New products are frequently becoming available, and researchers need to provide the 

evidence to inform clinical decision making regarding the effective application of these 

new products to prevent CVAD failure and complication. CHG-impregnated dressing 

products need to be evaluated for effectiveness to reduce CVAD-associated BSI in 

CVADs outside of the ICU environment (e.g., oncology) and in other vascular access 

device types (e.g., arterial catheters, PICCs). Overall this program has reported that 

clinically important outcomes, including CVAD dislodgement and dressing integrity, 

have not been adequately addressed by previous research and require further evaluation. 

This program has also drawn attention to the issue of CVAD-associated skin 

injuries within the paediatric population by providing estimates regarding its 

prevalence. Research is required to further define the burden of CVAD-associated skin 

injury within the wider healthcare environment. This should be accomplished through 

the measurement of the prevalence and incidence of CVAD-associated skin injuries, 

identification of associated modifiable and non-modifiable risk factors, and to develop 

effective strategies to prevent and treat CVAD-associated skin injury for patients. 
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Final summary 

CVADs are important for paediatric patients and constitute a key focus for nursing care 

in many specialties; however, they are associated with a high rate of failure and 

complication. This program of research has provided a strong platform for clinicians 

and researchers to work from to reduce CVAD-associated complications in paediatric 

acute care facilities. Nurses and other interdisciplinary clinicians should focus on 

implementing what is known to be effective to reduce CVAD complications (e.g., 

CHG-impregnated dressings in the ICU) and researchers should work to provide high 

quality evidence to support decision making in the other areas of CVAD practice.  
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Central venous Access device SeCurement And Dressing Effectiveness 

(CASCADE) in paediatrics: protocol for pilot randomised controlled trials  

Ullman, A. J., Kleidon, T., Gibson, V., Long, D., Williams, T., McBride, C.A., 
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Abstract 

Introduction 

Paediatric central venous access devices (CVAD) are associated with a 25% incidence 

of failure. Securement and dressing are strategies used to reduce failure and 

complication, however innovative technologies have not been evaluated for their 

effectiveness across device types. The primary aim of this research is to evaluate the 

feasibility of launching a full-scale randomised controlled efficacy trial across three 

CVAD types regarding CVAD securement and dressing, using pre-defined feasibility 

criteria. 

Methods and analysis 

Three feasibility randomised, controlled trials are to be undertaken at the Royal 

Children’s Hospital and the Lady Cilento Children’s Hospital, Brisbane, Australia. 

CVAD securement and dressing interventions under examination compare current 

practice with sutureless securement devices, integrated securement dressings and tissue 

adhesive. In total, 328 paediatric patients requiring a peripherally inserted central 

catheter (n = 100); non-tunnelled CVAD (n = 180) and tunnelled CVAD (n = 48) to be 

inserted will be recruited and randomly allocated to CVAD securement and dressing 

products. Primary outcomes will be study feasibility measured by eligibility, 
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recruitment, retention, attrition, missing data, parent / staff satisfaction and effect size. 

CVAD failure and complication (catheter-associated bloodstream infection, local 

infection, venous thrombosis, occlusion, dislodgement and breakage) will be compared 

between groups. 

Ethics and dissemination 

Ethical approval to conduct the research has been obtained. All dissemination will be 

undertaken using the CONSORT Statement recommendations. Additionally, the results 

will be sent to the relevant organisations which lead CVAD focussed clinical practice 

guidelines development. 

Trial registration number: Australian and New Zealand Clinical Trial Registration: 

peripherally inserted central catheter ACTRN12614001327673; non-tunnelled CVAD 

ACTRN12615000977572; tunnelled CVAD ACTRN12614000280606. 

Keywords 

Central venous catheter; dressing; site care; evidence-based care; protocol 
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Introduction 

Central venous access devices (CVADs) are used for monitoring and medication in 

critically and chronically unwell patients in a variety of inpatient and outpatient settings. 

(Intravenous Nursing New Zealand, 2012; Robinson et al., 2013) More than five million 

CVADs are used in the USA per year alone.(Frasca et al., 2010) Conventionally, non-

tunnelled CVADs (nt-CVADs) have been advocated for use when central venous access 

is required for a short time, (Loveday et al., 2014; O’Grady et al., 2011; Pittiruti et al., 

2009) peripherally inserted central catheters (PICCs) for short to medium time, 

(Loveday et al., 2014; Pittiruti et al., 2009) and tunnelled CVADs (t-CVAD) and totally 

implantable devices for longer time periods. (Loveday et al., 2014; Ruebner et al., 2006) 

Children requiring CVADs to facilitate treatment are extremely vulnerable to the 

risk of adverse events associated with insertion and management. (Cesaro et al., 2004; 

Perdikaris et al., 2008) Twenty five percent of paediatric CVADs fail prior to treatment 

being complete. (Ullman et al., 2015d) This includes CVADs becoming partially or 

wholly dislodged, occlusions, venous thrombosis, fractured catheters, site erosion, 

severe pain, or a bloodstream infection. The consequences of failure include the 

morbidity and mortality associated with the cause of the complication (e.g., catheter 

associated bloodstream infection (CABSI); with an attributable mortality as high as 

35%), (Ross, 2012) interruption of medical treatment and the insertion of replacement 

CVADs, involving the additional risk of procedural complications. Many CVAD 

complications are preventable with the consistent use of evidence-based CVAD 

insertion and maintenance practices. (Loveday et al., 2014; Pronovost et al., 2006; 

Ullman et al., 2014) 

An essential component to prevent post-insertion CVAD complications is the 

securement and dressing product chosen. To prevent complications, CVADs require: (1) 
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insertion site protection from microbial contamination from the surrounding skin and 

environment; (2) the external portion to be secured to prevent venous dislodgement; and 

(3) securement to prevent micro-motion within the vein and at the insertion site (Ullman 

et al., 2015a). Micro-motion is believed to irritate the vein wall, causing inflammation, 

thrombosis, occlusion, vessel erosion, and encourages skin bacteria to enter the 

insertion wound (Frey & Schears, 2006; Orgel, Ji, Pastor, & Schore, 2013; Ullman et 

al., 2015a). Since the 1980s, pervasive practice has been to suture CVADs for 

securement, with adhesive, polyurethane dressings placed over the sutured site (see 

Figure 6.1) (Ullman et al., 2015c). Transparent polyurethane dressings are claimed to be 

impermeable to microorganisms but semi-permeable to oxygen, carbon dioxide and 

water vapour. (Ross, 2012; Ullman et al.,  2015a; Ullman et al., 2015c)  

Figure 6.1: Illustration of products tested within the CASCADE junior trials  
a: Simple polyurethane and suture; b: Sutureless securement device with simple 

polyurethane; c: Integrated securement dressing product; d: Tissue adhesive 

 

Recent evidence supports the introduction of chlorhexidine gluconate (CHG)-

impregnated CVAD dressing products within critical care, as a strategy to reduce the 
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incidence of site colonisation and CABSI in non-tunnelled devices. The recent 

Cochrane systematic review by Ullman and colleagues (Ullman et al., 2015c) , found 

moderate quality evidence that CHG dressings reduced the frequency of catheter-related 

BSI per 1, 000 patient days compared with conventional polyurethane dressings 

(relative risk (RR) 0.51, 95% confidence interval (CI) 0.33 to 0.78; p = 0.002). The 

prevalence of catheter tip colonisation was also significantly reduced (RR=0.58; 95% 

CI 0.47-0.73; p < 0.001). The transferability of these results outside of the critical care 

population has yet to be established, considering the different CVAD dwell times, 

insertion technique and clinician groups caring for CVADs in the various healthcare 

settings. (Ullman et al., 2015a; Ullman et al., 2015c)  

Alternative securement and dressing options have become available that may be 

superior to suturing and polyurethane dressings for preventing complications, but these 

have not yet been adequately tested for efficacy, acceptability or cost-effectiveness. 

(Ullman et al., 2015a) Sutureless securement devices (SSD) have large adhesive padded 

footplates with CVAD-locking clasps of plastic or Velcro (see Figure 1b). They aim to 

reduce movement, kinking and flow impedance (Frey & Schears, 2006; Ullman et al., 

2015a) and are used with polyurethane dressings. A manufacturer-sponsored 

randomised controlled trial (RCT) in PICCs (n = 170) found significantly reduced 

CABSI with SSD (9.4% suture vs 1.2% SSD; p = 0.04) and non-significant reduction in 

unplanned removal (36% suture vs 24% SSD). (Yamamoto et al., 2002) An independent 

RCT in dialysis devices (n = 72) found reduced haematoma, thromboses and 

dislodgement (13.9% suture vs 8.3% SSD; p = NS). (Teichgräber et al., 2011) Neither 

of these studies included the paediatric population. 

Integrated securement dressings (ISD) are ‘next generation’ polyurethane 

dressings with a tough fabric adhesive border around the central polyurethane with 
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continued adhesive over and underneath the CVAD body (Figure 1c). (Ullman et al., 

2015a) ISDs claim to eliminate the need for a separate securement device (e.g., sutures), 

and a reduction in costs and procedural complexity. They also include an absorbent 

layer around the polyurethane, which is claimed to move moisture away from the 

wound. This may be useful for newly inserted CVADs, which commonly ooze and 

require more frequent replacement which increases CABSI risk. (Timsit et al., 2009) A 

recent adult cohort study (Saijo et al., 2014) (n = 327 ISD; n = 94 historical suture 

controls) reported ISD to be associated with significantly delayed onset of occlusion 

(from 8 to 25 days; p < 0.01) in comparison to sutures.  

Tissue Adhesive (TA) is medical grade ‘superglue’ (cyanoacrylate) used as an 

alternative to sutures in both internal and external wounds. (Singer & Thode, 2004 ) 

(Figure 1d) Case reports in adults suggest TA reduces CVAD dislodgement from 12% 

to 4%, with no skin reactions or mechanical complications. (Wilkinson & Fitz-Henry, 

2008; Wilkinson et al., 2007) TA is bactericidal and inhibits growth of all Gram-

positive organisms (predominant in CABSI), including methicillin resistant 

Staphylococcus aureus (MRSA). (Wilkinson et al., 2007) TA forms an occlusive 

healing environment and a physical barrier to micro-organisms, with haemostatic 

properties to reduce ooze and haematomas. (Wilkinson et al., 2007) When used with a 

polyurethane dressing, TA remains for four to seven days, sloughs off slowly, and can 

be reapplied or removed easily with commercial wipes or petroleum jelly. (Marsh, 

Webster, Chan, Mihala, & Rickard, 2015) TA may hold the key to avoiding sutures and 

CVAD complications by reducing pistoning, accidental removal, infection and 

bleeding. 

These new technologies potentially reduce complications associated with the use 

of CVADs in the paediatric population. There are currently no strong data supporting 
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their relative effectiveness and safety across the diverse range of CVADs and patients in 

paediatric clinical practice. Randomised, experimental, efficacy trials, with measures to 

prevent bias, are necessary to provide true estimates of relative effectiveness and inform 

practice. (Craig et al., 2008) The United Kingdom’s Medical Research Council’s 

Developing and evaluating complex interventions framework (see Figure 6.2) (Craig et 

al., 2008) highlights the importance of piloting prior to undertaking large efficacy trials, 

to prevent problems of acceptability, compliance, intervention implementation, 

recruitment and retention, and underpowered studies, (Craig et al., 2008) Pilot studies 

should examine the key uncertainties that have been identified during research 

development. This involves testing of intervention and data collection procedures, 

estimating recruitment and retention numbers, and determining effect estimates for 

future sample size calculations. 

Figure 6.2: Medical Research Council framework for the evaluation of complex 

interventions (Craig et al., 2008): reproduced with permission 
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The primary aim of this research is to evaluate the feasibility of launching a full-

scale randomised controlled efficacy trial of PICC, nt-CVAD and t-CVAD securement 

and dressing, using pre-defined feasibility criteria for recruitment, retention, protocol 

fidelity and product acceptability. The secondary aim is to compare the effectiveness of 

dressings and securement products on CVAD complications and failure due to 

infection, occlusion, dislodgement, thrombosis, or breakage, for children in acute care 

facilities.  

Methods and analysis 

Design 

Three separate pilot RCTs involving PICC, nt-CVAD and t-CVAD are being 

undertaken to provide information for the planning and justification of a future efficacy 

RCT, allowing refinement of the study components including the protocol, processes 

and outcomes. (Arain, Campubell, Cooper, & Lancaster, 2010; Lancaster et al., 2004) 

The trials are referred to as: Central venous Access device SeCurement And Dressing 

Effectiveness in paediatrics (the CASCADE Junior trials). 

Study setting 

The three pilot RCTs were initially conducted at the Royal Children’s Hospital, 

Brisbane, Australia; and, after local hospital mergers, the larger Lady Cilento Children’s 

Hospital, Brisbane, Australia. These are tertiary level, specialist paediatric teaching 

hospitals in Queensland, providing full-spectrum health services to children and young 

people from birth to 18 years of age. Referrals are from throughout Queensland, 

northern New South Wales and the Pacific Rim.  

Participants  

Peri-operative patients requiring an elective CVAD insertion for medical treatment; or 

those with a non-trial CVAD in situ and requiring device replacement, as well as those 
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requiring urgent CVAD insertion within the intensive care unit will be recruited. One 

hundred participants will be recruited to PICC-CASCADE Junior allowing 30 

participants per study arm and potential 10% attrition. One hundred and eighty 

participants will be recruited to nt-CASCADE Junior allowing 55 participants per study 

arm and potential 10% attrition. Forty-eight participants will be recruited to t-

CASCADE Junior, allowing 12 participants per study arm. As the aim of these pilot 

studies is to test the feasibility of the definitive RCTs, and not hypothesis testing, the 

power level was not a valid consideration for sample size. The CASCADE junior pilot 

sample sizes are in accordance with recommendations by Thabane et al. (2010) and 

Hertzog (2008); to facilitate accurate estimates of effect size while minimizing 

unnecessary costs, time and recruitment of future definitive study participants. Patients 

who meet all the inclusion criteria and no exclusion criteria described in Table 6.1 are 

eligible for enrolment. 
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Table 6.1: Inclusion and exclusion criteria for the CASCADE Junior trials  

Inclusion criteria Exclusion criteria 

 Patients < 18 years of age 

 Will remain admitted to the Royal 

Children’s Hospital or Lady Cilento 

Children’s Hospital for > 24 hours 

 Informed consent to participate 

 

 All other intravascular device types 

(e.g., totally implanted CVADs, 

peripheral intravascular devices) 

 Current bloodstream infection 

 Non-English speakers without an 

interpreter 

 CVADs inserted through diseased 

burned, scarred or extremely 

diaphoretic skin 

 Known allergy to any study product 

 Current skin tear / ‘papery’ skin at 

high risk of tear 

 Previous enrolment in the CASCADE 

Junior studies within this hospital 

admission 

PICC- CASCADE Junior 

 PICC to be inserted and will remain 

in situ for > 24 hours 

 

nt-CASCADE Junior 

 nt-CVAD to be inserted and will 

remain in situ for > 24 hours 

 

t-CASCADE Junior 

 t-CVAD to be inserted and will 

remain in situ for > 24 hours 

CVAD = Central venous access device; nt = Non-tunnelled; PICC = Peripherally 

inserted central catheter; t = Tunnelled 

 

Interventions 

The intervention arms for each CVAD study have been individualised to the three 

device requirements (PICC, nt-CVAD and t-CVAD). Details regarding the intervention 

arms can be seen in Table 6.2, with the dressing and securement technologies under 

evaluation illustrated in Figure 6.1. Researchers and local clinicians developed the 

intervention arms; taking into consideration current local practice, best available 

evidence, and the safety of all participants. 
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Table 6.2: Intervention arms for the CASCADE Junior trials 

PICC-CASCADE Junior 

1) Standard care:  

o Sutureless securement device (Statlock® VPPCSP ; Bard, Georgia); and  

o Bordered polyurethane dressing (Tegaderm® 1655 or 1616; 3M, St Paul) 

2) Tissue adhesive:  

o Tissue adhesive (Histoacryl®; B. Braun, Germany); and  

o Bordered polyurethane dressing (Tegaderm® 1655 or 1616; 3M, St Paul) 

3) Integrated dressing-securements:  

o Integrated dressing-securements (SorbaView SHIELD® SV353; Centurion 

Medical Products, Williamston) 

nt-CASCADE Junior 

1) Standard care:  

o Suture (Prolene®; Ethicon, New Jersey); 

o Chlorhexidine-impregnated disc (Biopatch® 44150; Johnson & Johnson, 

NJ); and  

o Bordered polyurethane dressing (Tegaderm® 1655 or 1616; 3M, St Paul) 

2) Tissue adhesive:  

o Suture (Prolene®; Ethicon, New Jersey); 

o Tissue adhesive (Histoacryl®; B. Braun, Germany); and  

o Chlorhexidine-impregnated disc (Biopatch® 44150; Johnson & Johnson, 

NJ); and  

o Bordered polyurethane dressing (Tegaderm® 1655 or 1616; 3M, St Paul) 

3) Integrated dressing-securements:  

o Suture (Prolene®; Ethicon, New Jersey); 

o Chlorhexidine-impregnated disc (Biopatch®; Johnson & Johnson, NJ); 

and  

o Integrated dressing-securements (SorbaView SHIELD® SV430 or SV254; 

Centurion Medical Products, Williamston) 

t-CASCADE Junior 

1) Standard care:  

o Suture (Prolene®; Ethicon, New Jersey); and  

o Bordered polyurethane dressing (Tegaderm® 1655 or 1616; 3M, St Paul) 
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2) Sutureless securement device:  

o Suture (Prolene®; Ethicon, New Jersey);  

o Sutureless securement device (Statlock® VFDSSP; Bard, Georgia or 

GripLok® 3601CVC; TIDI, Neenah WI); and  

o Bordered polyurethane dressing (Tegaderm® 1655 or 1616; 3M, St Paul) 

3) Tissue adhesive:  

o Tissue adhesive (Histoacryl®; B. Braun, Germany); and  

o Bordered polyurethane dressing (Tegaderm® 1655 or 1616; 3M, St Paul) 

4) Integrated dressing-securements:  

o Suture (Prolene®; Ethicon, New Jersey); and  

o Integrated dressing-securements (SorbaView SHIELD® SV254; Centurion 

Medical Products, Williamston) 

PICC=Peripherally inserted central catheter; nt=non-tunnelled; t=tunnelled 

 

Outcomes 

Primary outcome 

The primary outcome is feasibility of full efficacy trials. This will be established by 

composite analysis of elements of feasibility as described by Lancaster and colleagues 

(2004), Thabane and colleagues (2010) and Hertzog (2008). Full definitions of the 

primary and secondary outcomes are provided in Table 6.3.  
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Table 6.3: Primary and secondary outcomes of the CASCADE Junior trials 

Primary outcome 

1. Feasibility of full efficacy trials: Composite analysis of elements of feasibility: 

Eligibility: ≥ 70% of patients screened will be eligible;  

Recruitment: ≥ 70% of patients eligible agree to enrol; 

Retention and attrition: < 15% of participants are lost to follow-up or withdraw from 

study; 

Protocol adherence: ≥ 80% of participants receive their allocated treatment throughout 

their study participation; 

Missing data: <10% of data are missed during study data collection; 

Satisfaction and acceptability: Parent and healthcare staff levels of satisfaction and 

acceptability using structured point-based questions; and  

Sample size estimates: A reduction in all-cause CVAD failure or complication (defined 

in the secondary outcomes) by at least an absolute proportion of 5% in the experimental 

arms, in comparison to standard care. 

Secondary outcomes 

A. CVAD failure: Cessation of function prior to completion of therapy; (Ullman et al., 

2015d) 

B. CVAD complication: A composite of CABSI, local infection, occlusion, 

dislodgement, venous thrombosis or breakage (defined below); 

C. Catheter-associated bloodstream infection (CABSI): A laboratory-confirmed 

bloodstream infection (LCBI) in a patient who had a central line within the 48 hour 

period before the development of the BSI, and that is not related to an infection at 

another site. The CLABSI must meet one of the following criteria of LCBI: 

Criterion 1: Patient has a recognised pathogen cultured from one or more blood 

cultures and Organism cultured from blood is not related to an infection at another 

site. OR Criterion 2: Patient has at least one of the following signs or symptoms: 

fever (greater than 38 degrees C), chills, or hypotension, and signs and symptoms 

and positive laboratory results are not related to an infection at another site, and 

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

separate occasions. Examples of common skin contaminants: diphtheroids 

[Corynebacterium spp.], Bacillus [not B. anthracis] spp., Propionibacterium spp., 

coagulasenegative staphylococci [including S. epidermidis], viridans group 
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streptococci, Aerococcus spp., Micrococcus spp. (Centers for Disease Control and 

Prevention, 2014) Determined by blinded infectious disease specialist;  

D. Local infection: Purulent discharge, or redness extending 1cm beyond the site that 

prompts clinician to order removal, or commence antimicrobial therapy;  

E. Venous thrombosis: Development of thrombosed vessel (partial or complete) at the 

CVAD site diagnosed radiologically as requested by the treating clinician in a 

symptomatic patient;  

F. Dislodgement: Partial –change in CVAD length from hub to tip, as measured by 

marking closest to hub, or CVAD removal because tip is no longer in superior or 

inferior vena cava (diagnosed by xray/leakage from site on 

injection/infusion).(Yamamoto et al., 2002) Complete: CVAD body completely 

leaves the vein; 

G. Occlusion: Partial – resolved: ≥1 lumens cannot be flushed and/or aspirated, but 

resolves after line clearance strategy; Partial – unresolved: ≥1 lumens cannot be 

flushed and/or aspirated, and does not resolve after line clearance strategy; 

Complete: all lumens cannot be flushed and/or aspirated and does not resolve after 

line clearance strategy; 

H. CVAD breakage: Visible split in CVAD material diagnosed by leakage or 

radiographic evidence of extravasation from a portion of the CVAD into tissue; 

I. CVAD-related BSI: Laboratory confirmed with matched organism from blood and 

catheter tip culture;(Centers for Disease Control and Prevention, 2014) 

J. Securement dressing failure: Replacement in under seven days for loose, missing, 

bloodstained, diaphoresis or secretion soaked dressings; 

K. CVAD and first securement dressing dwell period: Days from insertion/application 

of CVAD/dressing until removal; 

L. Cost effectiveness: Estimates of direct product costs, healthcare resource utilisation 

(including additional equipment, staff time) and failure-associated resource usage 

using previously established cost estimates; (Tuffaha et al., 2014) and 

M. Safety: Skin complications including skin rash, skin tears, blisters, pruritis, local or 

systemic allergic reaction.(Broadhurst et al., 2015; Ho & Litton, 2006) 
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Study procedures 

The research nurse (ReN) will screen patients daily, obtain written informed consent, 

and undertake randomisation. The ReN will have prepared study packs with securement 

and dressing products and will liaise closely with the CVAD insertion clinicians. 

Randomisation will be web-based via Griffith University 

https://www151.griffith.edu.au/random.This will ensure full compliance with best 

practice standards for randomisation generation and allocation concealment until study 

entry. Randomisation will be generated on a 1:1:1:1 (t-CASCADE Junior) or 1:1:1 

(PICC- and nt-CASCADE Junior) ratio for the study groups. Block size will vary 

randomly. The Project Manager will undertake quality checks to ensure allocation 

integrity. CVAD securement and dressings are not amenable to blinding of patients, 

clinical staff or ReNs.  

Data collection will be facilitated using REDCap (Research Electronic Data 

CAPture http://project-redcap.org/) by the ReN. The ReN will visit patients daily to 

inspect the CVAD and dressing securement products, view medical records and talk to 

staff, patients and caregivers. They will collect data until four weeks after insertion, 

study withdrawal, removal of the CVAD, or hospital discharge. CVADs still insitu at 

four weeks or discharge will be censored from the study at that time. ReN will collect 

data on primary and secondary outcomes. Demographic data will be collected to 

describe the participant group and enable comparisons to inform future generalisability. 

Data will also be collected regarding patient and device-related characteristics that are 

known to increase the risk of CVAD failure. (Advani et al., 2011; Cecinati et al., 2012; 

Fratino et al., 2005; Jumani et al., 2013; Lorente et al., 2004; Reichman & Greenberg, 

2009; Robinson et al., 2013) Variables to be collected include age, gender, diagnostic 

category, immunocompromise, existing infection, presence of stoma, parenteral 

https://www151.griffith.edu.au/random
http://project-redcap.org/
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nutrition, length of hospital stay, level of consciousness, diaphoresis, CVAD utilisation, 

insertion site and technique, experience of the CVAD inserter. ReN will inspect site and 

collect data on all adverse events. At CVAD removal (or within 24 hours), the ReN will 

ask the patient or caregivers, and healthcare staff about their assessment of the 

acceptability and satisfaction with the dressing and securement product (numeric rating 

scale 0-10).  

CVAD procedures 

The pilot studies are pragmatic in order to maximise applicability to future efficacy 

trials and future generalisability, therefore ReNs will not be involved in CVAD 

insertion and will minimise their involvement in CVAD care. Standardised CVAD 

insertions include; a large sterile drape, sterile gloves, gown and mask. The CVAD 

inserter will select site (e.g., jugular, subclavian), CVAD type (e.g., number of lumens) 

and approach (tunnelled or non-tunnelled) based on clinical judgement of patient needs, 

and then apply the allocated products. (Frasca et al., 2010) The ReNs will ask inserters 

to rate ease of application using an 10-point scale (1 = very difficult, 10 = very easy). 

Extensive education activities and user guides will be provided to hospital staff 

to ensure consistency and protocol adherence. Nursing staff will change study products 

weekly and as clinically indicated. Product replacements/reinforcements, including tape, 

and the reasons for these will be recorded.  

Clinical staff will take blood and CVAD tip cultures on suspicion of infection, 

as per standard hospital and pathology protocols. (Maki et al., 2006; Rickard et al., 

2015) Diagnoses of CABSI and CVAD-related BSI will be made by an independent, 

blinded infectious diseases specialist. Similarly ultrasound for the identification of 

symptomatic venous thrombosis will be requested by the clinical team coordinating the 
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participants’ care, with diagnosis made by an independent, blinded radiologist using 

standard department protocols.  

Reliability and validity 

The reliability of the CASCADE junior trials will be ensured through the adherence to 

the a priori study protocol. (Kimberlin & Winterstein, 2008) Internal validity will be 

maintained by following the study protocol monitored by the Project Manager, with 

adherence to reporting safeguards to minimise bias. Use of computer generated 

randomisation and allocation concealment will avoid risk of selection and allocation 

bias. The CVAD securement and dressing products being trialled are not amenable to 

blinding of patients, family members, clinical staff or research staff. Radiological and 

laboratory staff assessing the CABSI and venous thrombosis outcomes will be blinded. 

With an intention to treat approach, all participants will be accounted for in the final 

analysis, following randomisation. (Rothwell, 2006) The CONSORT 

Guidelines,(Schulz et al., 2010) including the checklist and diagram, will be used to 

report the CASCADE Junior trials findings. 

Statistical methods 

Each pilot study will be analysed separately. Descriptive statistics will be used to 

ascertain the primary outcome of feasibility for the larger trial. All randomised patients 

will be analysed on an Intention to Treat (ITT) basis. Comparability of groups at 

baseline will be assessed using clinical parameters. Incidence rates of CVAD device 

failure (per 1,000 device days) and CVAD complication (per 100 devices) will 

summarise the impact of each dressing regimen; group differences will be evaluated by 

calculating 95% confidence intervals and p-values. CVADs in situ after four weeks or at 

hospital discharge will be censored from analysis at this point. Kaplan-Meier survival 

curves (with log rank test) will compare CVAD failure and complication over time. 
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Secondary endpoints including dwell-time, dislodgment, infection and safety will be 

compared between groups using parametric or nonparametric techniques as appropriate. 

In addition to group, multivariate regression (Cox) models will test the effect of patient 

and device variables associated with CVAD failure e.g., insertion site, dwell time, 

length of stay, diagnostic group, age, sex, mobility, co-morbidities and IV medications. 

Prior to analysis, data cleaning of outlying figures, missing, and implausible data will be 

undertaken, and a random 5% sample of source data re-entered and checked. All 

attempts will be made to collect the primary endpoint. A per-protocol analysis will 

assess the effect of protocol violations. P values of <0.1 will be evaluated as indicating 

some evidence against a null hypothesis, and values <0.05 will be considered 

statistically significant. 

Estimating cost parameters 

Trial costs will be collected as direct product costs (material costs) and healthcare 

resource utilisation (labour costs), including failure-associated costs using previously 

established cost estimates.(Tuffaha et al., 2014). Health resource utilisation will be 

measured by assessing the staff time and equipment associated with CVAD insertion 

(PICC, t and nt) and dressing changes.(Rickard et al., 2015) Group differences will be 

tested using a non-parametric statistical test.  

Ethics and dissemination 

Ethics and safety considerations 

Ethics approval for the CASCADE Junior trials has been gained from the Children’s 

Health Services Queensland (HREC/13/QRCH/181) and Griffith University 

(NRS/10/14/HREC) Human Research Ethics Committees (HREC). The CASCADE 

Junior trials were also registered with the Australian and New Zealand Clinical Trial 

Registry (PICC-CASCADE ACTRN12614001327673; nt-CASCADE 
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ACTRN12615000977572; t-CASCADE ACTRN12614000280606). Adverse events 

(e.g., skin irritation) will be recorded and Serious Adverse Events (e.g., death) will be 

reported to the HRECs. 

Parents/legal guardians will be given an Information Sheet, time to read and 

fully understand it, and an opportunity to ask questions. Children will be provided a 

Youth Assent form if older than six years of age and developmentally appropriate. All 

children will be provided with information regarding the study and given the 

opportunity to provide assent for participation. Withdrawal from the study will, in no 

way, affect the care they receive from the hospitals. Participant confidentiality will be 

ensured and anonymity guaranteed. Only aggregate data will be published and data will 

be stored according to National Health & Medical Research Council guidelines 

(National Health and Medical Research Council et al., 2013). 

Dissemination 

In accordance with the primary outcome of feasibility, the results of this research will 

be used to inform the design of further efficacy RCTs of CVAD securement in 

paediatrics. The results of this research will also be disseminated locally at the involved 

children’s hospital, and at relevant local, national and international vascular access and 

paediatric scientific meetings. Each pilot study will be separately published in a relevant 

healthcare journal, presented in accordance with the CONSORT Statement 

recommendations(Schulz et al., 2011). Additionally, the results will be sent to the 

relevant organisations which lead CVAD focussed clinical practice guidelines 

development. The funding organisations will not be involved in the analysis or 

preparation of publications resulting from the research. 

Trial status 
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Recruitment of patients to the PICC- and t-CASCADE Junior trials commenced in April 

2014. Recruitment was paused from November 2014 to March 2015, due to the hospital 

merger, for the safety of all participants. Recruitment of patients to the nt-CASCADE 

Junior trial will commence in January 2016. It is expected that recruitment will be 

completed for all pilots by December 2016. 

Discussion 

The risk of paediatric CVAD failure and complication varies between device 

types.(Ullman et al., 2015d) CVAD dressing and securement devices need to be 

evaluated for effectiveness and suitability across the CVAD range. A ‘one size fits all’ 

approach to CVAD securement is inappropriate and likely to be ineffective(Broadhurst 

et al., 2015). Depending upon insertion site and length, CVADs have different tensile 

strength requirements.(Ullman et al., 2015a) For example, tunnelled and cuffed devices, 

in comparison to other CVAD types, may have lower strength requirements after tissue 

engraftment. PICCs may have higher strength requirements due to limb movement and 

device length.  

The contrasting external shapes of CVADs mean some securement products 

may not be suitable or vary in their effectiveness to prevent complication. For example, 

many of the SSD products anchor devices using the CVAD ‘wings’, which are absent in 

tunnelled cuffed CVADs such as Hickman® or Broviac® catheters. The limited skin 

space available to secure and dress jugular, non-tunnelled CVADs in infants and 

neonates can result in some securement devices also being impractical. Individual 

testing of CVAD securement and dressing products in paediatrics between CVAD types 

is necessary.  

CVAD securement and dressing products provide an important contribution to 

the prevention of CVAD failure and complication. The ideal CVAD securement and 
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dressing should: 1) prevent accidental removal, micro-motion and pistoning; 2) block 

bacteria entering the wound; 3) have antimicrobial properties; 4) assist with haemostasis 

5) be comfortable for patients; 6) be easy for staff to use; and 7) be cost-effective. 

Although many alternatives to suture and polyurethane dressings exist, how these meet 

the above criteria is largely unknown. Systematic and narrative reviews have 

highlighted the dearth of literature to support practice in this area.(Ullman et al., 2015a; 

Webster et al., 2011) The CASCADE Junior trials will contribute new knowledge to 

inform the individual efficacy of each dressing and securement type for each of the 

populations and devices utilising them.  
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Appendix B: Additional search strategy 

Ovid MEDLINE 

1 exp Catheterization, Central Venous/ (12023) 

2 (venous adj3 (catheter* or line*)).tw. (12967) 

3 (central adj3 (catheter* or line*)).tw. (12809) 

4 ((hickman or broviac or cook) adj catheter*).tw. (667) 

5 exp Catheters, Indwelling/ (16113) 

6 (implantable vascular access device or IAVD or PortACath).tw. (58) 

7 (peripherally inserted central catheter or PICC).tw. (585) 

8 h?emodialysis catheter*.tw. (762) 

9 or/1-8 (34316) 

10 exp Occlusive Dressings/ (3511) 

11 exp Bandages, Hydrocolloid/ (631) 

12 exp Silver/ (14667) 

13 exp Silver Sulfadiazine/ (809) 

14 exp Polyurethanes/ (7439) 

15 exp Iodine/ (18302) 

16 exp Chlorhexidine/ (6308) 

17 ((occlusive* or hydrocolloid* or silver* or polyurethane* or permeable or 

nonpermeable or non-permeable or transparent or 

chlorhexidine or iodine* or gauze or tape) adj3 (dressing* or sponge*)).tw. (2517) 

18 or/10-17 (51952) 

19 9 and 18 (748) 

20 randomized controlled trial.pt. (387973) 

21 controlled clinical trial.pt. (89778) 

22 randomi?ed.ab. (340534) 
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23 placebo.ab. (150625) 

24 clinical trials as topic.sh. (173007) 

25 randomly.ab. (200735) 

26 trial.ti. (123439) 

27 or/20-26 (904765) 

28 exp animals/ not humans.sh. (4009223) 

29 27 not 28 (832096) 

30 19 and 29 (224) 

31 2014*.ed. (584053) 

32 30 and 31 (3) 

 

Ovid EMBASE 

1 exp central venous catheter/ (12794) 

2 exp central venous catheterization/ (7021) 

3 (venous adj3 (catheter* or line*)).tw. (18144) 

4 (central adj3 (catheter* or line*)).tw. (19024) 

5 ((hickman or broviac or cook) adj catheter*).tw. (776) 

6 exp vascular access device/ (12794) 

7 (implantable vascular access device or IAVD or PortACath).tw. (102) 

8 (peripherally inserted central catheter or PICC).tw. (1340) 

9 h?emodialysis catheter*.tw. (1069) 

10 or/1-9 (31589) 

11 exp occlusive dressing/ (508) 

12 exp hydrocolloid dressing/ (628) 

13 exp silver/ (27276) 
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14 exp sulfadiazine silver/ (3015) 

15 exp sulfathiazole silver/ (19) 

16 exp polyurethan/ (9963) 

17 exp iodine/ (36182) 

18 exp chlorhexidine/ (12160) 

19 ((occlusive* or hydrocolloid* or silver* or polyurethane* or permeable or 

nonpermeable or non-permeable or transparent or 

chlorhexidine or iodine* or gauze or tape) adj3 (dressing* or sponge*)).tw. (3408) 

20 or/11-19 (89926) 

21 10 and 20 (1216) 

22 Randomized controlled trials/ (57946) 

23 Single-Blind Method/ (18790) 

24 Double-Blind Method/ (117793) 

25 Crossover Procedure/ (40165) 

26 (random$ or factorial$ or crossover$ or cross over$ or cross-over$ or placebo$ or 

assign$ or allocat$ or volunteer$).ti,ab. (1366645) 

27 (doubl$ adj blind$).ti,ab. (149833) 

28 (singl$ adj blind$).ti,ab. (14881) 

29 or/22-28 (1437406) 

30 exp animals/ or exp invertebrate/ or animal experiment/ or animalmodel/ or animal 

tissue/ or animal cell/ or nonhuman/ (20630118) 

31 human/ or human cell/ (15052414) 

32 and/30-31 (15005735) 

33 30 not 32 (5624383) 

34 29 not 33 (1242391) 
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35 21 and 34 (220) 

36 2014*.em. (1159417) 

37 35 and 36 (14) 

 

EBSCO CINAHL 

S38S25 AND S37 

S37S26 or S27 or S28 or S29 or S30 or S31 or S32 or S33 or S34 or S35 or S36 

S36TX allocat* random* 

S35(MH “Quantitative Studies”) 

S34(MH “Placebos”) 

S33TX placebo* 

S32TX random* allocat* 

S31(MH “Random Assignment”) 

S30TX randomi* control* trial* 

S29TX ( (singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or 

(doubl* n1 mask*) ) or TX ( (tripl* n1 blind*) or 

(tripl* n1 mask*) ) or TX ( (trebl* n1 blind*) or (trebl* n1 mask*) ) 

S28TX clinic* n1 trial* 

S27PT Clinical trial 

S26(MH “Clinical Trials+”) 

S25S11 and S24 

S24S12 or S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 

S23TI ( occlusive* N3 sponge* or hydrocolloid* N3 sponge* or silver* N3 sponge* or 

polyurethane* N3 sponge* or permeable N3 
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sponge* or nonpermeable N3 sponge* or non-permeable N3 sponge* or transparent N3 

sponge* or chlorhexidine N3 sponge* or iodine* N3 sponge* or gauze N3 sponge* or 

tape N3 sponge* N3 sponge* ) OR AB ( occlusive* N3 sponge* or hydrocolloid* N3 

sponge* or silver*N3 sponge* or polyurethane* N3 sponge* or permeable N3 sponge* 

or nonpermeable N3 sponge* or non-permeable 

N3 sponge* or transparent N3 sponge* or chlorhexidine N3 sponge* or iodine* N3 

sponge* or gauze N3 sponge* or tape N3 sponge* 

N3 sponge* ) 

S22TI ( occlusive* N3 dressing* or hydrocolloid* N3 dressing* or silver* N3 dressing* 

or polyurethane* N3 dressing* or permeable N3 

dressing* or nonpermeable N3 dressing* or non-permeable N3 dressing* or transparent 

N3 dressing* or chlorhexidine N3 dressing* 

or iodine* N3 dressing* or gauze N3 dressing* or tape N3 dressing*) OR AB 

(occlusive* N3 dressing* or hydrocolloid* N3 dressing* 

or silver* N3 dressing* or polyurethane* N3 dressing* or permeable N3 dressing* or 

nonpermeable N3 dressing* or non-permeable 

N3 dressing* or transparent N3 dressing* or chlorhexidine N3 dressing* or iodine* N3 

dressing* or gauze N3 dressing* or tape N3 

dressing*) 

S21(MH “Chlorhexidine”) 

S20(MH “Iodine”) 

S19(MH “Transparent Dressings”) 

S18(MH “Polyurethanes”) 

S17(MH “Gauze Dressings”) 

S16(MH “Ionic Silver Dressings”) 
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S15(MH “Silver Sulfadiazine”) 

S14(MH “Silver”) 

S13(MH “Hydrocolloid Dressings”) 

S12(MH “Occlusive Dressings”) 

S11S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 

S10TI ( hemodialysis catheter* or haemodialysis catheter* ) OR AB ( hemodialysis 

catheter* or haemodialysis catheter* ) 

S9TI ( peripherally inserted central catheter or PICC ) OR AB ( peripherally inserted 

central catheter or PICC ) 

S8TI ( implantable vascular access device or IAVD or PortACath ) OR AB ( 

implantable vascular access device or IAVD or PortACath) 

S7(MH “Vascular Access Devices, Implantable”) 

S6TI cook catheter* OR AB cook catheter* 

S5TI broviac catheter* OR AB broviac catheter* 

S4TI hickman catheter* OR AB hickman catheter* 

S3TI ( central N3 (catheter* or line*) ) OR AB ( central N3 (catheter* or line*) ) 

S2TI ( venous N3 (catheter* or line*) ) OR AB ( venous N3 (catheter* or line*) ) 

S1(MH “Central Venous Catheters+”) 
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Appendix C: Characteristics of excluded studies 

Study Reason for exclusion 

Crawford et al. (2004) No outcomes that accorded with our review definitions: cost-

related data only 

Davidson (1986) No outcomes reported that accorded with our review 

definitions: no definitions of blood and skin cultures provided 

Freiberger et al. (1992) Results not reported by intervention group 

Skin/site swab with any bacterial growth included: not positive 

semi-quantitative (> 15 cfu) or quantitative (> 10³ cfu) culture 

from the skin around the catheter site (O’Grady et al., 2002) 

George et al. (2011) No outcomes reported that accorded with our review 

definitions: no definition or assessment tool to evaluate skin 

irritation or damage 

Keenlyside (1991) No outcomes reported that accorded with our review 

definitions: no definition or assessment tool to evaluate dressing 

condition, skin irritation or damage 

Keenlyside (1993) Duplicate publication from Keenlyside (1991) no outcomes that 

accorded with our review definitions 

Khattak et al. (2010) No outcomes that accorded with our review definitions: all 

blood cultures included, not CVAD-related BSI 

Lawson et al. (1986) No outcomes that accorded with our review definitions: no 

definition or assessment tool to evaluate skin irritation, damage 

or infection 

Little and Palmer (1998) Inadequate data for extraction 

Lucas and Attard-Montalto 

(1996) 

No outcomes that accorded with our review definitions: no 

definition regarding microbiological criteria for skin/site 

colonisation 

Madeo et al. (1998) Arterial and CVAD outcomes reported together; unable to 

extract CVAD outcomes 

Maki and Wili (1984) Not a RCT 

Maki et al. (2000) Arterial and CVAD outcomes reported together; unable to 

extract CVAD outcomes 

Neufeld (1991) No outcomes that accorded with our review definitions: no 

definition regarding microbiological criteria for skin/site 

colonisation 
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Olson et al. (2008) No outcomes as per our review definitions: outcome 

assessments used to describe skin irritation or damage did not 

have established reliability 

Petrosino et al. (1988) No outcomes that accorded with our review definitions: 

described skin/site colonisation without microbiological 

definition 

Powell et al. (1982) No outcomes that accorded with our review definitions. CVAD-

related BSI not in accordance with review outcome definitions 

Powell et al. (1985) Extreme confounders involving the use of specific dosages of 

skin antisepsis and administration set change intervals within 

the interventions 

Reynolds et al. (1997) Controlled clinical trial not RCT (sequential assignment) 

Schwebel et al. (2012) No outcomes as per our review definitions: cost-related data 

only 

Timsit et al. (2010) No outcomes as per our review definitions: cost-related data 

only 

CVAD = Central venous access device; RCT = Randomised controlled trial 
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Appendix D: Key characteristics of included studies 

Arvanati et al. (2012) 

Methods RCT in 5 ICUs in Greece 

Participants 306 participants admitted to ICUs requiring a multilumen CVAD 

Inclusion criteria: CVAD predicted to stay in ICU patient for ≥ 3 

days; first CVAD in ICU 

Exclusion criteria: < 18 years; neutropenic patients; pregnant 

women; patients with an expected ICU stay of < 3 days; known 

allergy to silver or chlorhexidine 

Interventions Group I: SPU changed every 3 days or sooner if spoiled or 

contaminated 

Group II: SPU and a chlorhexidine-impregnated sponge 

(BiopatchTM) changed every 7 days 

Both groups had sterile gauze over the entry site for the first 24 

hours 

Outcomes CVAD-related BSI; catheter-tip colonisation; catheter security; 

mortality 

Notes Group III: Additional 159 participants not included in the 

review: silver-impregnated CVAD (OligonTM) due to co-

intervention 

Risk of bias  

Random sequence 

generation (selection 

bias) 

Low risk 

Quote: “patients were randomly allocated to one of the three 

groups, separately for each participating ICU, and according to 

computer-generated randomization sequences” (p.421) 

Allocation concealment 

(selection bias) 

Unclear risk 

Quote: “The randomization number and the corresponding study 

group were sealed in envelopes in numeric order. Envelopes 

were posted to the ICUs with accompanying instructions to be 

opened by respecting their numerical order” (p. 421) 

Not stated if envelopes were opaque. 

Blinding of 

participants and 

personnel 

(performance bias) 

High risk  

Quote: “Double-blind design was not possible as a result of 

apparent differences between the compared products” (p. 421) 
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Blinding of outcome 

assessment (detection 

bias) 

Low risk 

Quote: “Two ICU infectious diseases experts scrutinized all data 

blindly to the randomization group to identify concomitant 

infections and avoid erroneous attribution of the recorded events 

to the study catheters” (p. 422) 

Incomplete outcome 

data (attrition bias) 

Low risk 

Well described attrition data; loss to follow up forCVAD tip 

colonisation outcome = 19.1% (figure 1; p. 422) 

Intention-to-treat analysis undertaken. Quote: “data were also 

analyzed as per protocol analysis in which all uncultured 

catheters were considered missing” (p. 422). 

Selective reporting 

(reporting bias) 

Unclear risk 

No clinical trial registration or published protocol. 

All outcomes reported as described in publication 

Other bias Unclear risk 

Significant difference between groups for patient age (p. 423) 
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Brandt et al. (1996) 

Methods RCT in the USA 

Participants 101 participants undergoing autologous BMT with newly 

inserted long-term triple-lumen, tunnelled HickmanTM CVADs 

Inclusion criteria: > 18 years old; alert, orientated, able to give 

informed consent; admitted to the BMT unit for autologous 

BMT; surgical insertion of a long-term CVAD in the operating 

room 

Exclusion criteria: pre-existing bacteraemia or fungaemia within 

14 days of study entry; CVAD placement was intended to be 

short-term 

Interventions Group I: SPU (Opsite 3000TM; Smith and Nephew) moisture 

vapour permeable dressing changed every 7 days 

Group II: sterile gauze with tape changed daily 

Outcomes CVAD-related BSI; entry and exit-site infection; failed catheter 

security 

Notes Dressing condition/durability reported: did not use a tool with 

established validity and reliability 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Quote: “subjects were randomly assigned” (p. 830). 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported. 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported. 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported. 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

No loss to follow-up reported. Less than 10% attrition. Not 

stated whether intention to treat analysis was used. 

Selective reporting 

(reporting bias) 

Unclear risk 

No clinical trial registration or published protocol. 

Other bias Unclear risk 

Baseline balance of groups: no statistically significant 

differences (p. 832). 
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Carrer et al. (2005) 

Methods Randomised, factorial controlled trial in a single Italian ICU 

Participants 82 participants admitted to a medical-surgical ICU 

Inclusion criteria: non-tunnelled CVAD; predicted dwell time of 

> 72 hours 

Exclusion criteria: not reported 

Interventions Group I: gauze and tape with low sterile barrier 

Group II: transparent simple polyurethane (SPU) with low sterile 

barrier 

Group III: gauze and tape with maximum sterile barrier 

Group IV: SPU with maximum sterile barrier 

For the purposes of the review: Groups I and III (gauze) were 

combined and Groups II and IV (SPU) were combined 

Outcomes Skin/site colonisation 

Random sequence 

generation (selection bias) 

Unclear risk 

Not reported. 

Quote: “patients were randomly subdivided in four groups” (p. 

198) 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported. 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported. 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported. 

Incomplete outcome data 

(attrition bias) 

High risk  

Large attrition rate in some groups, which are not accounted for 

in analysis. Intention to treat analysis not used. 

Selective reporting 

(reporting bias) 

High risk  

CVAD-related BSI: information collected, but not presented by 

intervention group. 

Other bias Unclear risk 

Baseline balance of groups: Quote: “Groups were homogenous” 

(p. 199) 

Multiple CVADs per participant recruited, analysis per CVAD. 
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Chambers et al. (2005) 

Methods RCT in a single site in New Zealand 

Participants 95 participants admitted to a haematology unit 

Inclusion criteria: admitted to a haematology unit and 

undergoing chemotherapy 

tunnelled, cuffed CVAD; adult 

Exclusion criteria: unable to give informed consent; known 

allergy to chlorhexidine 

Interventions Group I: no dressing 

Group II: CHG dressings consisting of a 2.5 cm hydrophilic 

polyurethane foam disk containing chlorhexidine gluconate in 

a sustained-release formulation, with a SPU (Opsite 

IV3000TM), changed weekly or as needed until catheter 

removal 

 Both groups had sterile gauze and SPU applied until the exit 

site was dry and free from exudate 

Outcomes CVAD-related BSI; entry and exit-site infection; mortality 

Notes Patients recruited more than once: CVAD unit of analysis 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Not reported. 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported. 

Blinding of participants 

and personnel 

(performance bias) 

High risk  

Quote: “the clinical team was not blinded to treatment” (p. 59) 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported. 

Quote: “all cases of infection were initially classified by three 

investigators (STC, RLS and JS) and were later reviewed 

independently by another investigator (PG)” (p. 56). 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

Well described attrition data: complete data were not available 

on two patients, one from each group, who left the hospital 

and continued treatment elsewhere (p. 57). Intention to treat 

analysis described. 
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Selective reporting 

(reporting bias) 

High risk  

No clinical trial registration or published protocol. 

Catheter tip colonisation not fully described per study group. 

Other bias Unclear risk 

Minimal information of patient characteristics described, not 

clear whether groups balanced at baseline. 
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Conly et al. (1989) 

Methods RCT in a single site in Canada 

Participants 79 participants admitted to medical, surgical, paediatric or 

ICU 

Inclusion criteria: admitted to any medical, surgical or 

paediatric ward or ICU 

CVAD inserted for a duration ≥ 3 days 

Exclusion criteria: CVADs for short term haemodynamic 

monitoring 

Interventions Group I: dry gauze and tape 

Group II: SPU (OpsiteTM) 

A pressure dressing was allowed for the first 24-48 hours for 

both groups 

Outcomes CVAD-related BSI; catheter tip colonisation 

Risk of bias  

Random sequence 

generation (selection bias) 

High risk  

Quotation: “were prospectively randomized”; “patients were 

randomly assigned by hospital number” (p 310) 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported 

Incomplete outcome data 

(attrition bias) 

High risk  

Large amounts of attrition and missing data not adequately 

described by the manuscript; including outcome data 

Selective reporting 

(reporting bias) 

High risk  

No clinical trial registration or published protocol 

Skin/site colonisation not described by study group - outcome 

could not be included in the review 

Other bias High risk 

Groups not balanced at baseline including higher ICU 

admission, steroid usage and jugular vein insertion in the 
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gauze group. This may have resulted in a higher risk of 

CVAD-related BSI and catheter tip colonisation in this group 

Patients recruited once, but multiple CVADs included. CVAD 

unit of analysis 
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de Barros et al. (2009) 

Methods RCT in Spain 

Participants 66 participants with long-term CVADs for haemodialysis 

Inclusion criteria: internal jugular CVAD for haemodialysis 

treatment inserted by nephrologists; end-stage renal disease 

Exclusion criteria: acute renal failure undergoing dialysis via a 

femoral CVAD 

Interventions Group I: SPU (TegadermTM) changed every 7 days or as needed 

Group II: sterile gauze with tape changed at each dialysis 

session 

Outcomes CVAD-related BSI; catheter tip colonisation; failed catheter 

security 

Risk of bias  

Random sequence 

generation (selection 

bias) 

Unclear risk 

Quote: “a random list of dressings was used to divide 66 

patients in two groups (33 in group 1 and 33 in group 2” (p. 

482). 

Allocation concealment 

(selection bias) 

Unclear risk 

Quote: “the sequences of dressings were kept in a locked 

envelope. If the patient was eligible... the envelope containing 

dressing sequences was opened and the following indicated 

intervention was performed” (p. 482). 

Not reported if envelope was opaque. 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported. 

Blinding of outcome 

assessment (detection 

bias) 

Low risk 

Quote: “the microbiologists processed the samples without 

knowing how patients were allocated in the study” (p. 483). 

Incomplete outcome data 

(attrition bias) 

Low risk 

No loss to follow-up reported. Not stated whether intention to 

treat analysis was used. 

Selective reporting 

(reporting bias) 

Unclear risk 

No clinical trial registration or published protocol. 

Other bias Unclear risk 
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Baseline balance of groups: no statistically significant 

differences (p. 484). 
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Garland et al. (2001) 

Methods RCT in 6 neonatal ICUs in the USA 

Participants 705 participants admitted to a neonatal ICUs 

Inclusion criteria: neonates who would likely require a 

CVAD for at least 48 hours 

percutaneous and surgically inserted 

Exclusion criteria: not clearly reported. Changed after 15 

months of study recruitment related to adverse reactions; 

infants < 26 weeks who required a CVAD before 1 week of 

age were excluded 

Interventions Group I: SPU cleansed with 10% povidone iodine. 

Percutaneous CVAD dressings were changed every 7 days, 

surgically inserted CVAD dressings were changed twice 

weekly 

Group II: CHG dressing (BiopatchTM) with 250 µg/mg of 

chlorhexidine gluconate and SPU. Cleansed with 70% 

isopropyl. Both percutaneous and surgically inserted CVAD 

dressings were changed weekly 

Outcomes CVAD-related BSI; catheter-tip colonisation; skin irritation or 

damage: severe contact dermatitis 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Quote: “neonates were block randomized” (p. 1431) 

Quote: “computer generated randomization codes developed 

by the study statistician were maintained by center 

pharmacists” (p. 1432) 

Allocation concealment 

(selection bias) 

Unclear risk 

Quote: “maintained by the pharmacy at hospital” (p. 1432) 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not blinded 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not stated 

Incomplete outcome data 

(attrition bias) 

Low risk 

Similar attrition rates for loss to follow-up in both groups; 

catheter colonisation not performed SPU 8%, CHG 6%. 
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Selective reporting 

(reporting bias) 

Unclear risk 

Not registered as a clinical trial, no published protocol. 

Reported all outcomes described in publication. 

Other bias Unclear risk 

Baseline balance of groups: no statistically significant 

differences (Table 1) 

Confounding differences in interventions: 10% povidone-

iodine for skin antisepsis in group I; 70% isopropyl for skin 

antisepsis in group II 

Funded by product company (Johnson and JohnsonTM) who 

manufacture the products used in both intervention and 

control arms 
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Giles et al. (2002) 

Methods RCT in a general surgery department in Turkey 

Participants 72 participants with single-lumen polyurethane CVADs 

inserted pre-operatively 

Inclusion criteria: not clearly outlined. “patients undergoing 

surgical procedures for various benign or malignant 

gastrointestinal disorders” (p 256) and “the aims of CVC 

insertion were either for monitoring or TPN administration” (p 

256) 

Exclusion criteria: not reported 

Interventions Group I: transparent occlusive dressing changed every 7 days 

unless signs of local inflammation 

Group II: sterile gauze changed daily and insertion site 

cleaned by 10% povidone-iodine solution 

Outcomes CVAD-related BSI; catheter tip colonisation; skin/site 

colonisation 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Not reported. 

Quote: “according to the number patient on the random table” 

(p. 256) 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported. 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported. 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported. 

Incomplete outcome data 

(attrition bias) 

Low risk 

No missing data. No loss to follow-up. 

Selective reporting 

(reporting bias) 

Unclear risk 

No registration of clinical trial or published protocol. All 

reported outcomes described. 

Other bias Unclear risk 

Groups are balanced at baseline; no statistically significant 

difference between groups. 



 333 

Hagerstrom et al. (1994) 

Methods RCT in Sweden in 2 dialysis units 

Participants 14 participants with long-term CVADs for haemodialysis 

Inclusion criteria: requiring haemodialysis treatment for renal 

insufficiency 

Exclusion criteria: not reported 

Interventions Group I: SPU (OpSite IV3000TM ) changed after 

haemodialysis procedure (approximately twice/week) 

Group II: sterile gauze with tape changed after haemodialysis 

procedure (approximately twice/week) 

Outcomes CVAD-related BSI 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Quote: “were randomised to one of the two dressing treatment 

groups” (study design section) 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

Attrition and loss to follow-up not reported 

Selective reporting 

(reporting bias) 

Unclear risk 

No registration of clinical trial or published protocol. All 

reported outcomes described. 

Other bias Unclear risk 

No description of baseline participant comparison. 

  



 334 

Hill et al. (2010) 

Methods RCT in a neonatal ICU in the USA 

Participants 100 participants admitted to a neonatal ICU 

Inclusion criteria: admitted to neonatal ICU for at least 72 

hours; requiring a PICC to be placed 

Exclusion criteria: CVAD in situ, pre-existing skin condition 

or discolouration 

Interventions Group I: SPU (TegadermTM). Dressings changed every 3 

weeks, unless otherwise indicated 

Group II: silver-impregnated dressing (Algidex Ag IV 

PATCHTM) secured with a steri strip. The patch, extraluminal 

catheter and exit site were then covered with a SPU dressing 

(TegadermTM). Dressings changed every 2 weeks, unless 

otherwise indicated 

Outcomes Skin irritation or damage: signs of redness, swelling or 

discolouration 

Mortality 

Notes CVAD-related BSI was a secondary outcome of study, but 

was not defined 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Quote: “computer randomization” (p. 471) 

Allocation concealment 

(selection bias) 

Unclear risk 

Quote: “envelopes containing the status were assembled 

unknown to the principal investigator and study nurse. After 

each patient was enrolled, the envelope with the number 

corresponding to order of enrolment was opened and the 

patient was placed in their assigned group” (p. 470). 

Not stated if the envelopes were opaque. 

Blinding of participants 

and personnel 

(performance bias) 

High risk  

Not blinded. 

Blinding of outcome 

assessment (detection bias) 

High risk  

Not blinded 

Incomplete outcome data 

(attrition bias) 

Low risk 

Outcome data adequately described. 
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Selective reporting 

(reporting bias) 

Unclear risk 

No registration of clinical trial or published protocol. All 

reported outcomes described. 

Other bias Unclear risk 

Baseline imbalances on several variables including gender, 

age and birthweight. 
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Le Corre et al. (2003) 

Methods RCT in Canada 

Participants 58 participants with long-term CVADs for haemodialysis 

Inclusion criteria: > 18 years old; requiring haemodialysis 

treatment for chronic terminal renal insufficiency; tunnelled 

jugular CVAD inserted by vascular radiologist; competent to 

provide informed consent 

Exclusion criteria: receiving systemic antibiotic therapy; 

history of bacteraemia within previous 3 months without 

change of CVAD 

Interventions Group I: SPU (TegadermTM) changed every 7 days 

Group II: sterile gauze with tape changed every 2-3 days 

Outcomes CVAD-related BSI 

Risk of bias  

Random sequence 

generation (selection bias) 

Low risk 

Quote: “computer generated 1:1 ratio” (p. 57) 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported 

Blinding of participants 

and personnel 

(performance bias) 

High risk  

Quote: “open-label” (p. 57) 

Blinding of outcome 

assessment (detection bias) 

High risk  

Quote: “open-label” (p. 57) 

Incomplete outcome data 

(attrition bias) 

High risk  

Large amount of attrition. Only 58/62 were included in final 

analysis; intention to treat not used. 17 not followed up to 

removal at six months. 

Selective reporting 

(reporting bias) 

Unclear risk 

Not registered as a clinical trial, no published protocol. 

Other bias Unclear risk 

Baseline balance of groups: no statistically significant 

differences (Table 1). 
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Levy et al. (2005) 

Methods RCT in a single paediatric cardiac ICU in Israel 

Participants 145 participants admitted to the paediatric cardiac ICU 

Inclusion criteria: 0-18 years age; require a CVAD for > 48 

hours; inserted in an operating theatre by an anaesthetic 

specialist 

Exclusion criteria: not reported 

Interventions Group I: SPU (TegadermTM) only changed when required  

Group II: CHG (BiopatchTM) and SPU only changed when 

required 

Outcomes Catheter tip colonisation; skin irritation or damage: contact 

dermatitis 

Notes CVAD-related BSI: data collected as a secondary outcome, 

but study definition did not match review definition 

Risk of bias  

Random sequence 

generation (selection bias) 

Low risk 

Quote: “Random number generator” (p. 677) 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported. 

Blinding of participants 

and personnel 

(performance bias) 

High risk  

Not blinded. 

Blinding of outcome 

assessment (detection bias) 

High risk  

Quote: “the microbiology laboratory personnel were blinded 

and could not identify which group the CVAD had been 

randomized” (p. 677). 

Skin irritation outcome assessor not blinded. 

Incomplete outcome data 

(attrition bias) 

High risk  

Significant attrition and loss to follow-up. Post-randomization 

attrition information not provided by group. 

Selective reporting 

(reporting bias) 

Unclear risk 

No registration of clinical trial or published protocol. 

Exit site infection rates were not reported in results section. 

Other bias Unclear risk 

Baseline balance of groups: no statistically significant 

differences (p. 678). 
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Nikoletti et al. (1999) 

Methods RCT in an adult ICU in Australia 

Participants 150 participants with CVADs inserted in ICU 

Inclusion criteria: ≥ 18 years old; insertion of a multilumen 

CVAD in ICU 

Exclusion criteria: CVAD inserted for < 24 hours; inserted 

outside IC; inserted via guidewire exchange; tunnelled or 

implanted CVADs 

Interventions Group I: SPU (TegadermTM) changed every 5 days or earlier 

if soiled or non-adherent 

Group II: hydrocolloid dressing (ComfeelTM) changed every 5 

days or earlier if soiled or non-adherent 

Outcomes Catheter-tip colonisation 

Notes CVAD-related BSI and skin colonisation outcomes were 

described, but did not meet the review’s outcome definition 

Risk of bias  

Random sequence 

generation (selection bias) 

Low risk 

Not described in publication. 

Correspondence with authors: “computer generated random 

numbers” 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported in publication or correspondence with authors. 

Blinding of participants 

and personnel 

(performance bias) 

High risk  

Not blinded 

Blinding of outcome 

assessment (detection bias) 

Low risk 

Not described in publication. 

Correspondence with authors: “blinded microbiological 

outcome assessment” 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

Large amounts of missing data and attrition. The majority was 

well described in the publication. 

Selective reporting 

(reporting bias) 

Unclear risk 

Protocol well described, but not published. Not registered as a 

clinical trial. 

  



 339 

Olson et al. (2004) 

Methods RCT in an inpatient and outpatient oncology setting in Canada 

Participants 78 participants undergoing treatment for cancer 

Inclusion criteria: 18-75 years old; life expectancies of 6 

months or more; receiving their first CVAD; double or triple 

lumen CVAD; available for follow-up; visually and 

cognitively competent; able to read and write English 

Exclusion criteria: not stated 

Interventions Group I: sterile gauze dressing, changed daily if neutropenic 

or every second day if not neutropenic; cleansed with 4% 

chlorhexidine in 70% alcohol 

Group II: no dressing 

Both groups were treated as if in Group I until day 21 post 

CVAD insertion, when they were randomised 

Outcomes CVAD-related BSI 

Risk of bias  

Random sequence 

generation (selection bias) 

Low risk 

Not stated in publication. 

Private correspondence with authors: “computer generated 

sequence”. 

Allocation concealment 

(selection bias) 

Unclear risk 

Not stated in publication: 

Private correspondence with authors: “envelopes”, not stated 

if opaque 

Blinding of participants 

and personnel 

(performance bias) 

High risk  

Participants cared for own dressing regimen. 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not stated. 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

No attrition or loss-to-follow up data provided. 

Selective reporting 

(reporting bias) 

High risk  

Outcomes of catheter-tip colonisation and skin / site 

colonisation were not reported. 

No clinical trial registration or published protocol. 

Other bias Unclear risk 
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Trial stopped recruitment early for unknown reasons. 
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Pedrolo et al. (2011) 

Methods RCT in Brazil 

Participants 21 participants admitted to ICU 

Inclusion criteria: > 18 years; non-tunnelled CVADs; 

recruited within 24 hours of ICU admission or 8 hours of 

CVAD insertion 

Exclusion criteria: not reported 

Interventions Group I: SPU (TegadermTM) changed every 7 days or when 

exudate or displacement made it necessary 

Group II: sterile gauze with tape changed daily 

Outcomes CVAD-related BSI; catheter tip colonisation; dressing 

condition durability; skin irritation or damage 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Quote: “a drawing was performed to allocate individuals in 

the control or study groups” (p.279). 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported. 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported. 

Incomplete outcome data 

(attrition bias) 

Low risk 

Quote: “all catheters were observed until removed and there 

was no loss to follow up” (p. 280) 

Selective reporting 

(reporting bias) 

Unclear risk 

Not registered as a clinical trial, no published protocol. 

Other bias Unclear risk 

No description of participant population for baseline 

variability; catheter data only. 
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Roberts and Cheung (1998) 

Methods RCT in a single ICU in Australia 

Participants 33 participants admitted to ICU 

Inclusion criteria: CVADs inserted in ICU 

Exclusion criteria: not reported 

Interventions Group I: SPU (Opsite IV3000TM ), changed and cleansed with 

0.5% chlorhexidine in 70% alcohol every 5 days and as 

necessary 

Group II: CHG dressing (BiopatchTM) with SPU (Opsite 

IV3000TM ), changed and cleansed with 0.5% chlorhexidine in 

70% alcohol every 5 days and as necessary 

Outcomes Catheter tip colonisation; exit-site infection 

Notes Participants could be recruited more than once. Unit of 

analysis was the CVAD not the participant 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Quote: “Randomly assigned to either the experimental or the 

control group” 

Allocation concealment 

(selection bias) 

Unclear risk 

Not stated 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not stated 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not stated. 

Incomplete outcome data 

(attrition bias) 

High risk  

Missing data on 7/40 participants, attrition not well described. 

Selective reporting 

(reporting bias) 

High risk  

Did not report catheter-related infection outcomes. 

No registration of clinical trial or published protocol. 

Other bias High risk  

Baseline balance of groups: no statistically significant 

differences (p. 17). 
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Ruschulte et al. (2009) 

Methods RCT in Germany 

Participants 601 participants with haematological and oncological 

conditions 

Inclusion criteria: triple lumen, jugular or subclavian 

CVADs, inserted by anaesthetic consultants; undergoing 

chemotherapy for treatment of haematological and 

oncological conditions 

Exclusion criteria: expected admission for ≤ 5 days; previous 

reaction to chlorhexidine 

Interventions Group I: SPU changed regularly after 7 days or if they had 

been lifted 

Group II: CHG dressing (BiopatchTM) with SPU. Changed 

regularly after 7 days or if they had been lifted 

Outcomes CVAD-related BSI 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Not stated 

Allocation concealment 

(selection bias) 

Unclear risk 

Not stated 

Blinding of participants 

and personnel 

(performance bias) 

High risk  

Not blinded 

Blinding of outcome 

assessment (detection bias) 

Low risk 

Quote: “by having nurses who were not involved in the study 

assess the insertion sites and microbiologists unaware of the 

patients’ group assignments” (p. 271) 

Incomplete outcome data 

(attrition bias) 

Low risk 

No attrition or loss to follow-up. 

Selective reporting 

(reporting bias) 

Unclear risk 

No registration of clinical trial or published protocol. 
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Shivnan et al. (1991) 

Methods RCT in the USA 

Participants 98 participants undergoing autologous or allogenic BMT with 

pre-existing or newly inserted right atrial CVADs 

Inclusion criteria:2-60 years old; haematologic malignancy or 

immune-deficiency disease; pre-existing or newly inserted 

right atrial CVAD; admitted to the BMT unit for autologous 

or allogenic BMT 

Exclusion criteria: not described 

Interventions Group I: SPU (TegadermTM ) changed every 4 days 

Group II: sterile gauze with tape changed daily 

Both groups received gauze for the first 24 hours 

Outcomes CVAD-related BSI; entry and exit-site infection; skin/site 

colonisation 

Risk of bias  

Random sequence 

generation (selection bias) 

Unclear risk 

Quote: “block randomisation within each stratum” (p. 1350). 

Allocation concealment 

(selection bias) 

Unclear risk 

Not reported. 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk 

Not reported. 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not reported. 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

5/103 excluded post-randomisation 

27.5% (27.5%) required modifications of the dressing. 

Not stated whether intention to treat analysis was used. 

Selective reporting 

(reporting bias) 

Unclear risk 

No clinical trial registration or published protocol. 

Main study aims were assessed and reported. 

Other bias Unclear risk 

Baseline balance of groups: no statistically significant 

differences (p. 1352). 

Sponsored by product manufacturer (3M CompanyTM, St. 

Paul, MN) who manufacturers the SPU intervention. No data 
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on topical vancomycin use and dressing modification per 

group. 
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Timsit et al. (2009) 

Methods RCT in France 

Participants 2051 participants in ICUs 

Inclusion criteria: CVADs or arterial catheters for > 48 

hours; > 18 years 

Exclusion criteria: PICC; pulmonary arterial catheters; 

haemodialysis catheters; allergy to study products 

Interventions Group I: SPU dressing (TegadermTM) changed every 3 or 7 

days 

Group II: CHG sponge dressing (BioPatchTM) with SPU 

changed every 3 or 7 days 

Outcomes CVAD-related BSI; catheter tip colonisation 

Notes Published manuscript includes arterial lines; additional 

information provided to report CVAD-only results 

Risk of bias  

Random sequence 

generation (selection bias) 

Low risk  

Quotation: “The randomization schedule, stratified by ICU, 

was developed using a web-based random-number generator 

to select permuted blocks of 8 patients each” (p. 1232) 

Allocation concealment 

(selection bias) 

Unclear risk  

Not described 

Blinding of participants and 

personnel (performance 

bias) 

High risk   

Quotation: “The study was not blinded for the investigators 

or ICU staff” (p. 1232) 

Not described for participants 

Blinding of outcome 

assessment (detection bias) 

Low risk  

Quote: “Was blinded for the microbiologists processing the 

skin and catheter cultures and for the assessors” (p. 1232) 

Incomplete outcome data 

(attrition bias) 

Low risk  

Moderate attrition, well described in CONSORT diagram 

(Figure 1; p 1235) 

Selective reporting 

(reporting bias) 

Unclear risk  

Difficult to obtain separated CVAD outcomes, not originally 

reported 

Clinical trial registered via clinicaltrials.gov 

Other bias Unclear risk 
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Baseline variables not reported for CVAD outcomes. 

Balanced critical illness severity, length of ICU stay, 

mechanical ventilation, age for overall study as per Table 1 

(p. 1236) 
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Timsit et al. (2012b) 

Methods RCT in France 

Participants 1879 participants in ICUs 

Inclusion criteria: CVADs or arterial catheters for > 48 hours; 

> 18 years 

Exclusion criteria: PICC; pulmonary arterial catheters; 

haemodialysis catheters; allergy to study products; catheters 

inserted before ICU admission 

Interventions Group I: SPU dressing (TegadermTM) 

Group II: CHG dressing (Tegaderm CHG IV Securement 

DressingTM) 

Group III: highly adhesive transparent dressing (Tegaderm HP 

TransparentTM) 

Outcomes CVAD-related BSI; catheter tip colonisation 

Notes Published manuscript includes arterial lines; additional 

information provided to report CVAD-only results 

Risk of bias  

Random sequence 

generation (selection bias) 

Low risk  

Quotation: “Randomization was by a web-based random-

number generator producing permuted blocks of eight, with 

stratification on ICUs. Each block contained four allocations 

to the chlorhexidine dressing, two to the highly adhesive 

dressing and two to the standard dressing. The investigators 

were unaware of the block size and of the permutation 

procedure” (p. 1273) 

Allocation concealment 

(selection bias) 

Unclear risk  

Not described 

Blinding of participants 

and personnel 

(performance bias) 

High risk   

Quotation: “The study was not blinded for the investigators or 

ICU staff” (p 1273) 

Not described for participants 

Blinding of outcome 

assessment (detection bias) 

Low risk  

Quotation: “was blinded for the microbiologists processing 

the skin and catheter cultures and for the adjudication 

committee” (p. 1273) 
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Incomplete outcome data 

(attrition bias) 

Low risk  

Moderate attrition, well described in CONSORT diagram 

(Figure 1; p. 1275) 

Quotation: “Analyses were performed in the intent-to-treat 

population, which included all patients except those who 

withdrew their consent to study participation.” (p. 1274) 

Selective reporting 

(reporting bias) 

Unclear risk  

Difficult to obtain separated CVAD outcomes, not originally 

reported 

Clinical trial registered via clinicaltrials.gov 

Other bias Unclear risk  

Baseline variables not reported for CVAD outcomes – 

balanced for overall study 

Supported by 3M (St Paul, MN); the manufacturer of all of 

the study interventional products 
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Wille et al. (1993) 

Methods RCT in the Netherlands 

Participants 101 adult participants requiring a subclavian or jugular 

CVAD 

Inclusion criteria: age > 16 years; hospitalised for major 

elective surgery 

Exclusion criteria: not stated 

Interventions Group I: SPU (OpSiteTM) with moisture vapour 

permeability of 800 g m-². Changed regularly every 3 days. 

Group II: new generation SPU (OpSite IV3000TM) with 

increased moisture vapour permeability (2000 g m-²). 

Dressing changed every 3 days 

Outcomes CVAD-related BSI 

Risk of bias  

Random sequence generation 

(selection bias) 

Unclear risk 

Not described. 

Quote: “the patients were randomized to one of the two 

dressing groups” (p. 114). 

Allocation concealment 

(selection bias) 

Unclear risk 

Not described. 

Blinding of participants and 

personnel (performance bias) 

Unclear risk 

Not described. 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 

Not described. 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

Attrition poorly described. No information on missing data. 

Quote: “the 13 patients not included in the analysis were 

evenly distributed between the two dressing groups” (p. 

115). 

Selective reporting (reporting 

bias) 

Unclear risk 

No registration of clinical trial or published protocol. All 

outcomes described in publication. 

Other bias Unclear risk 

No data on co morbidities or severity of illness. 

Sponsored by product manufacturer (Smith & NephewTM, 

Harlow, UK) of both intervention groups. 
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Yamamoto et al. (2002) 

Methods RCT in the USA 

Participants 170 adult participants requiring a PICC 

Inclusion criteria: not stated 

Exclusion criteria: not stated 

Interventions Group I: securement via 2.0 prolene sutures and standard 

polyurethane dressing (SPU). Changed regularly every 3 

days or more frequently if necessary 

Group II: securement via a SSD (StatLockTM) and SPU. 

Dressing changed every 3 days, SSD every 6 days 

When participant discharged home, dressings changed 

weekly 

Outcomes CVAD-related BSI; skin irritation or damage; failed 

catheter securement 

Risk of bias  

Random sequence generation 

(selection bias) 

Low risk 

Not stated in publication. 

Private correspondence: “using blinded envelopes”. 

Allocation concealment 

(selection bias) 

Low risk 

Quote: “concealed envelopes distributed to research 

assistants” (p. 78) 

Blinding of participants and 

personnel (performance bias) 

High risk  

Not blinded 

Blinding of outcome 

assessment (detection bias) 

High risk  

Outcome assessors for dislodgement and skin damage not 

blinded. 

Not stated whether microbiology outcome assessors were 

blinded. 

Incomplete outcome data 

(attrition bias) 

Unclear risk 

Loss to follow-up and attrition not stated. 

Selective reporting (reporting 

bias) 

Unclear risk 

No registration of clinical trial or published protocol. 

Other bias Unclear risk 

Research sponsored by StatLock product manufacturer 

(Venetec International, San Diego, CA) 
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BMT= Bone marrow transplant; CHG = Chlorhexidine gluconate; CVAD = Central venous 

access device; ICU = Intensive care unit; PICC = Peripherally inserted central catheter; SPU 

= Simple polyurethane 
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Appendix E: Summary of findings: Chlorhexidine gluconate (CHG)-impregnated dressing compared with SPU dressings 

for CVAD dressing and securement  

Patient or population: Patients with CVAD securement and dressing 

Settings: All settings 

Intervention: CHG dressing 

Comparison: SPU dressings 

Outcomes Anticipated absolute effects (95% CI) Relative 

effect 

(95% CI) 

No of 

Participa

nts 

(studies) 

Quality of 

the 

evidence 

(GRADE) 

Comments 

Risk with 

SPU dressings 

Risk with  

CHG dressing 

CVAD-related blood stream 

infection (BSI) as defined by 

criteria specified by (Maki et al., 

2006; Mermel et al., 2009; 

O’Grady et al., 2002)  

Study population RR 0.65  

(0.40 to 

1.05) 

4,876 

(5 

studies) 

⨁⨁⨁◯ 

Moderate1 

 

30 per 1,000 19 per 1,000 

(12 to 31) 

Moderate 

18 per 1,000 12 per 1,000  

(7 to 19) 

CVAD tip colonisation positive 

semi-quantitative (> 15 cfu/ 

catheter segment) or quantitative 

(> 103 cfu/catheter segment) 

culture from a proximal or distal 

catheter segment (O’Grady et 

al., 2002) 

Study population RR 0.58 

(0.47 to 

0.73) 

4431 

(6 RCTs) 

⨁⨁⨁◯ 

Moderate2 

 

147 per 1,000 85 per 1,000 

(69 to 108) 

Moderate 

268 per 1,000 155 per 1,00 

(126 to 196) 

CI: Confidence interval; RR: Risk ratio 
1 Downgraded due to low rate of events and wide 95% confidence intervals 
2 Downgraded due to outcome being a surrogate measure of CVAD-related bloodstream infection 
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Appendix F: Summary of findings: Gauze and tape compared to SPU dressings for CVAD dressing and securement 

Patient or population: Patients with CVAD securement and dressing 

Settings: All settings 

Intervention: Gauze and tape dressings 

Comparison: SPU dressings 

Outcomes Anticipated absolute effects (95% CI) Relative 

effect 

(95% CI) 

No of 

Participa

nts 

(studies) 

Quality of 

the 

evidence 

(GRADE) 

Comments 

Risk with SPU 

dressings 

Risk with gauze and 

tape dressings 

CVAD-related blood stream 

infection (BSI) as defined by 

criteria specified by (Maki et al., 

2006; Mermel et al., 2009; 

O’Grady et al., 2002)  

Study population RR 0.64  

(0.26 to 

1.63) 

506 

(8 studies) 

⊕⊕⊝⊝ 

low1,2 

 

75 per 1,000 48 per 1,000 (19 to 122) 

Moderate 

13 per 1,000 72 per 1,000 (29 to 184) 

CVAD tip colonisation positive 

semi-quantitative (> 15 cfu/catheter 

segment) or quantitative (> 103 

cfu/catheter segment) culture from 

a proximal or distal catheter 

segment (O’Grady et al., 2002) 

Study population RR 0.95  

(0.51 to 

1.77) 

342 

(5 studies) 

⊕⊝⊝⊝ 

very 

low2,3,4 

 

413 per 1,000 392 per 1,000 

Moderate 

619 per 1,000 588 per 1,000 (316 to 

1,000) 

CI: Confidence interval; RR: Risk ratio 
1 Downgraded due to wide 95% confidence intervals (0.26 to 1.63) 
2 Downgraded due to variability in results between studies 
3 Downgraded due to outcome being a surrogate measure of catheter-related bloodstream infection 
4 Downgraded due to wide 95% confidence intervals (0.51 to 1.77) 
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Appendix G: Summary of findings: Medication-impregnated dressings compared to all other dressing types for CVAD 

dressing and securement

Patient or population: Patients with CVAD securement and dressing 

Settings: All settings 

Intervention: Medication-impregnated dressings 

Comparison: All other dressing types 

Outcomes Anticipated absolute effects (95% CI) Relative 

effect 

(95% CI) 

No of 

Participa

nts 

(studies) 

Quality of 

the 

evidence 

(GRADE) 

Comments 

Risk with all other 

dressing types 

Risk with medication-

impregnated dressings 

CVAD-related blood stream 

infection (BSI) as defined by 

criteria specified by (Maki et al., 

2006; Mermel et al., 2009; 

O’Grady et al., 2002)  

Study population RR 0.60  

(0.39 to 

0.93) 

5,687 

(6 studies) 

⊕⊕⊕⊕ 

high 

 

28 per 1,000 17 per 1,000 (11 to 26) 

Moderate 

64 per 1,000 38 per 1,000 (25 to 59) 

CI: Confidence interval; RR: Risk ratio 
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Appendix H: Multiple treatment meta-analysis network plots 

a 
b 

c d 

e f 



 357 

g 

aIncidence of CVAD-associated bloodstream infection; bFrequency of CVAD-related 

bloodstream infection per 1,000 patient days; cIncidence of catheter tip colonisation; 
dIncidence of entry and exit- site infections; eIncidence of skin irritation or damage; 
fIncidence of failed catheter securement; gMortality 

SPU: standard polyurethane; G+T: gauze and tape; BPU: bordered polyurethane; 

CGI: chlorhexidine gluconate impregnated; NOD: no dressing; SSD: sutureless 

securement device; OLD: old standard polyurethane; HAD: highly adhesive dressing. 
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Appendix I: CVAD Point Prevalence Audit: Data Collection Tool  

 

This form should contain no 

identifying information 

 

 

 

Please obtain verbal consent 

and complete a separate 

survey for each CVAD. Thank-you! 

CVAD insitu:  No:  

no further documentation 

required 

 Yes:  

No. ____ of _____ 

total CVAD 

 Patient declined  

 

CVAD Characteristics from hospital chart 

Date of 

CVAD 

insertion: 

___/___/2015 

 Not documented 

Number of 

lumens: 

 

CVAD 

type: 

 Peripherally inserted central catheter 

(PICC) 

 Vascath 

 Umbilical catheter 

 Non-tunnelled, percutaneous CVAD 

 Pulmonary artery catheter 

 Tunnelled, cuffed CVAD 

 Totally implanted device (port) 

Inserted by:  Consultant 

 Senior registrar 

 Junior Registrar 

 Nurse 

 Unknown 

 

CVAD 

location: 

 Internal jugular 

 External jugular 

 Femoral 

 Subclavian 

 Basilic 

 Brachial 

 Cephalic 

 Axilla 

 Saphenous 

 Other _________________________ 

Department

al specialty 

of inserter: 

 Intensive Care 

 General surgery 

 Anaesthetics 

 Radiology 

 Other __________ 

 Unknown 

 

Side:  Left 

 Right 

CVAD 

number: 

 Initial (first ever CVAD) 

 Subsequent 

Inserted 

where: 

 Intensive Care 

 Radiology 

 Operating theatres 

 Emergency 

 Ward 

 Other 

Hospital/Site  

Ward/Unit  

Room/Bed number  

Age of patient  

Gender of patient  Male  Female 

Date and time of 

review 
   /   / 2015   ____:____ am/pm 
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Indication 

for 

insertion: 

Choose ALL 

that apply 

 Vesicant medication delivery (e.g., 

inotropes, chemotherapy) 

 Parenteral nutrition 

 Haemodialysis 

 Haemodynamic monitoring 

 Blood sampling 

 Blood product transfusion 

 

 Prolonged treatment requirements (e.g., 

long-term antibiotics) 

 Cardiovascular instability 

 Fluid therapy 

 Poor peripheral vasculature 

 Other ___________________________ 

 Unknown 

In the last 

7 days 

undergone 

treatment 

for CVAD-

associated 

complicatio

n: 

*see 

definitions 

 No 

 CVAD-associated bloodstream 

infection* 

 CVAD local site infection* 

 

 CVAD-associated thrombosis* 

 CVAD blockage* 

 CVAD dislodgement* 

 CVAD breakage 

CVAD characteristics at patient assessment 

Insertion site 

visible: 

No / Yes 

Stop-cock / 3-

way tap 

insitu: 

Lumen 1: No / Yes / NA 

Lumen 2: No / Yes / NA 

Lumen 3: No / Yes / NA 

3 way tap turn 

off and / or 

clamp closed: 

Lumen 1: No / Yes / In use / 

NA 

Lumen 2: No / Yes / In use / 

NA 

Lumen 3: No / Yes /In use / 

NA 

Needleless 

connectors 

insitu: 

 

 None 

 Positive fluid displacement 

(e.g., Ultrasite; B Braun, 

Maxplus) 

 Neutral fluid displacement 

(e.g., One-Link; Baxter 

Healthcare) 

 

 Negative fluid displacement (e.g., SmartSite; 

Carefusion) 

 Silver antimicrobial (e.g., MaxGuard; 

Carefusion) 

 Chlorhexidine antimicrobial 

 Other ___________________________ 

Dressing: Clean: No / Yes 

Dry: No / Yes 

Intact: No / Yes 

Ooze visible: No / Minimal / 

Excessive 

Site dated: 

No / Yes 

 Insert date 

 Dressing last changed date 

 Dressing due for a change 

date 

Primary 

dressing: 

 None  

 Simple transparent  

 Bordered polyurethane 

 Advanced bordered 

polyurethane 

 Hydrocolloid 

 Gauze and non-sterile tape 

 Gauze and sterile 

dressing/tape 

 

Medication-

impregnated 

characteristics: 

 None  

 Chlorhexidine-impregnated 

disc  

 Chlorhexidine-impregnated 

dressing 

 Silver-impregnated disc 

 Silver-impregnated dressing 

 Other ________ 
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Securement 

characteristic

s: 

 None 

 Silk suture 

 Synthetic suture 

 Bordered dressing 

 StatLock 

 Grip-Lok 

 Tissue adhesive 

 Other _________ 

 

Additional 

dressings and 

securement of 

tubing: 

 None 

 Non-sterile tape 

 Dry dressing 

 Hyperfix 

 Bandage 

 Tubigrip / netting 

 Arm board 

 Other __________ 

Site 

inspection: 

Choose ALL 

that apply 

* Advise 

patient’s nurse 

of these 

findings 

 

 No complications 

 Pain / tenderness on 

palpation* 

 Redness >1cm from 

insertion site* 

 Swelling >1cm from 

insertion site* 

 Purulence* 

 Itch / rash under dressing* 

 Blistering / skin tears under 

dressing* 

 Bruising / blood around 

device 

 Palpable hard vein cord* 

 Leaking* 

 Induration / hardness of tissues >1cm* 

 Streak / red line along vein* 

 Extravasation / infiltration* 

 Blood in line 

 Partial / complete dislodgement * 

 Other _________________ 

Skin integrity 

of CVAD 

area: 

 Good: healthy, well 

hydrated, elastic, intact 

 Fair: intact, dehydrated, 

reduced elasticity 

 Poor: papery, irritated, 

dehydrated, minimal / no 

elasticity 

Device in use:  No: if no; date / time last 

used_____________________ 

 Intermittent 

 Continuous 

CVAD characteristics from bedside chart  

Fluids 

infusin

g: 

 No 

 Hydration fluids 

 TKVO 

 Blood products 

 TPN 

 Other 

_______________________________

_________ 

Medications 

infusing / 

ordered in 

next 24 hours: 

 Nil 

 Antibiotics 

 Insulin 

 Heparin (systemic) 

 KCL 

 Corticoidsteriods 

 Chemotherapy 

 Sedation 

 Analgesia 

 Inotropes 

 Other _________________ 

 PRN medications 

_________________________

___________ 

 

Flush 

ordered

: 

 No 

 Yes; 0.9% sodium chloride  

 Yes; Hep saline solution ____u/mL 

 NA 

 Other ___________________ 

Documentatio

n on bedside 

chart 

regarding site 

assessment: 

 No  

 Yes, last 4 hours 

 Yes, last 8 hours 

 Yes, last 24 hours 
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Appendix J: CVAD Point Prevalence Audit: Pictorial guide 

CVAD Dressing Products 

 

Simple transparent 

 

Bordered polyurethane 

 

 

Advanced bordered polyurethane 

 

 

Hydrocolloid 

 

 

Gauze and sterile tape / dressing 

 

 

 

Gauze and non-sterile tape 
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Chlorhexidine-impregnated disc 

 

 

Chlorhexidine-impregnated dressing 

 

 

Silver-impregnated disc 

 

Silver-impregnated dressing 
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CVAD Securement Products 

 

Silk suture 

 

 

 

Synthetic suture 

 

StatLockTM (Bard) 

 

 

Grip-LokTM (Tidi) 

 

Tissue adhesive  
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Additional Dressing / Securement Products 

 

HypafixTM (Smith and Nephew) 

 

 

 

Tubigrip / netting 
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3-Way Taps and Needleless Connectors 

 

3-way taps / Stop-cocks 

 

 

 

Positive fluid displacement needleless connectors 

 

 

 

Neutral fluid displacement needleless connectors 
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Negative fluid displacement needless connectors 

 

 

 

Silver antimicrobial needleless connectors 

 

 

 

Chlorhexidine antimicrobial needleless connectors 
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Appendix K: CVAD Point Prevalence audit: Study Site Survey  

 

 

 

Please complete the following details about the use of CVADs (Central venous access 

devices) at this site 

Q 1.1 Role of person completing this form 

 
Intravenous Nurse Specialist 

 
Nurse Researcher 

 
Intravenous Medical Specialist 

 
Medical Researcher 

 
Intravenous Technician 

 
Research Assistant 

 
Clinical Nurse 

Specialist/Consultant 
 

Staff Nurse 

 
Infection Control Nurse 

 
Administrative Staff 

 
Nurse Educator 

 
Other ____________________ 

 

CVAD GUIDELINES 

Q 2.1 Does your hospital/site have CVAD insertion and maintenance guidelines for staff?   Yes / No  

 If yes, please complete the following regarding your hospital’s CVAD guidelines : 

Q 2.2   Do these guidelines state how often to change CVAD?   Yes / No 

Q 2.3   What is the guideline for frequency of replacing CVAD?  

 
>96 hours 

 
Clinically indicated 

 
Other _______________________ 

Q 2.4   Do these guidelines state how often to change the CVAD dressing?  Yes / No 

Q 2.5   What is the recommended frequency of CVAD dressing change?  

 
72 hours and prn 

 
96 hours and prn 

 
7 days and prn 

 
> 7 days and prn 

 
PRN only 

Q 2.6  Do these guidelines state how often to change the CVAD administration set? Yes / No 

Q 2.7  What is the recommended frequency of administration set change for crystalloid fluids (saline or 

 dextrose solutions)?  

 
24–48 hours 

 
48–72 hours 

 
72–96 hours 

 
96 hours–7 days 

 
> 7 days 

 
Other _______________________ 

 

Hospital/Site  

Number of hospital beds  

Date of review  
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Q 2.8  Does your hospital have guidelines for CVAD site assessment?  Yes / No 

 

Q 2.9  If yes, what is the recommended frequency of CVAD site assessment? (check all that apply) 

 
Every 4 hours 

 
Every 8 hours or once per 8 hour shift 

 
Every 12 hours or once per 12 hour shift 

 
Once daily 

 
Second daily 

 
Every time the catheter is used 

 
Other ____________________________ 

 

Q 2.10  Do you have criteria by which clinicians choose between CVAD products characteristics (e.g., 

 antimicrobial impregnation) 

 
No 

 
Yes; documented in hospital policy 

 
Yes; an informal algorithm 

 
Yes; by clinician discretion 

 

  

CVAD INSERTION 

Q 3.1  Who inserts the CVADs at this hospital/site? (check all that apply) 

 

 

 

 

 

 

 

 Q 3.2  Is there a dedicated specialist IV team for CVAD at this site?  Yes / No / Unknown 

Q 3.3  Are other vascular access specialists available to support  difficult CVAD insertion? Yes / No / 

Unknown 

Q 3.4  If yes, what is their designated role? 

 

 

 

 

Q 3.5  Which CVAD insertion method is most commonly used in this hospital/site?  

 

 

 

 

 

 

 

 
Specialist IV team 

 
Nurses 

 
IV Technicians 

 
Doctors 

 
Physicians’ Assistants 

 
Other ____________________ 

 
Clinical Nurse Specialist/Consultant   

 
Anesthetist/Intensivist  

 
Other  

 
Traditional (landmark, palpation) 

 
Technology (guided insertion) 

 
Unknown 
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CLEANING SOLUTIONS  

Q 4.1  Which cleaning solutions are used for CVAD insertion and dressing changes at this hospital?  

 (check all that apply) 

Solution Insertion Dressing 

changes 

Chlorhexidine 2% in 70% alcohol   

Chlorhexidine 1% in 70% alcohol   

Chlorhexidine 0.5% in 70% alcohol   

Chlorhexidine without alcohol   

Povidone-iodine in alcohol   

Povidone-iodine without alcohol   

70–75% alcohol   

0.9% sodium chloride   

Other (specify)    

 

CVAD DRESSINGS AND SECUREMENT 

Q 5.1   Which CVAD dressings are used at this hospital? (check all that apply) 

 

Q 5.2   Which CVAD securement products are used at this hospital? (check all that apply) 

 

 Brand (if known) 

 
Borderless transparent polyurethane dressing  

 
Window transparent polyurethane dressing  

 
Sterile gauze and tape dressing  

 
Chlorhexidine-impregnated dressing  

 
Other (specify)  

 Brand (if known) 

 
Silk sutures  

 
Synthetic sutures  

 
Bordered dressings  

 
Sutureless securement devices   

 
Other (specify)  
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CVAD PRODUCTS 

Q 6.1  Which CVAD brands and products are used at this hospital? (check all that apply) 

BRANDS PRODUCTS 

 
Angiodynami

cs 
BioFlo PICC 

Xcela Plus Ports 

 Morpheus® Smart PICC 

BioFlo Ports 

 NeoStar®  

Vortex® 

 
Bard 

 PowerLine® 

 Hohn® 

 Broviac® 

Power-Trialysis® 

Niagara™ 

Duet® 

Hickman® Dialysis  

PowerPort® 

Titanium  

 PolyRadPICC® 

 Per-Q-Cath® 

PowerHohn® 

Groshong® 

Leonard® 

DuoGlide® 

Niagara™ Slim-Cath® 

HemoSplit® 

RetrO®  

M.R.I. ® 

X-Port™ 

Groshong® PICC 

 Other ______________ 

PowerHickman® 

Hickman® 

Hickman® 

Trifusion® 

Brevia® 

EQUISTREAM® 

HemoStar® (Vas-

Cath®) 

Soft-Cell® 

SlimPort ® 

PowerPICC® 

 

 
Becton 

Dickinson 

(BD) 

Careflow ® Criticath®  Other_________ 

 
B Braun 

Certofix® Cavafix®  Other__________ 

 
Cook 

 Spectrum®; 

Minocycline-Rifampin  

 

 Heparin-coated 

 Spectrum® Turbo-Ject ® 

Minocycline-Rifampin Power-

Injectable PICC 

 Turbo-Flo® 

Turbo-Ject® 

Power-Injectable PICC 

 

Other __________ 

 
Gambro 

GamCath® 

Pourchex RetrO® 

EverFlow Dplphin Protect® 

 
MediPlus 

Hemodialysis 

catheter 

Central venous catheter Other_________ 

 
Polymed 

 Novocent Novocent Pro  Other 

 
Smiths 

Medical 
PORT-A-CATH®  

 

  

PORT-A-CATH®II 

 

P.A.S. PORT ® 

POWER P.A.C 

Other __________ 

 
Teleflex 

ARROW® CVC  

 

 ARROW® MAC® 

 ARROW ® with 

ARROWg+ard® 

 ARROW® PICCs 

ARROW® 

JACC® 

 Other __________ 

 
Terumo 

 Other 
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Victus 

TriOx® 

Standard PA 

Monitoring Catheters 

TDQ® 

Standard PA 

Thermodilution Catheters  

OptiQ® 

Multi-lumen CVCs 

Other __________ 

 
Vygon 

 Multicath Forward 

 Leadercath EL 

 Trilyse 

 Leaderflex Tunelled 

Multicath Expert 

 Lifecath Twin 

 Stimplant 

 Umbilical catheters 

Multistar 

 Dualse 

Lifecath 

 
Unknown    
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Appendix L: CVAD Point Prevalence Audit: Screening Log 

 

 

Ward/Unit 

Screening Log 

Please include all patients present on the 

ward/unit. 

This log should contain no identifying patient 

information. 

CVAD: Central venous access device  

 

 

Hospital / Site   

Ward / Unit  

Date of review  

 
Medical 

 
Surgical 

 
Oncology/Hematology 

 
Intensive care unit 

 
Cardiac care unit 

 
High-dependency / Step-down unit 

 
Day stay / short stay unit 

Screeni

ng 

log 

number 

Room/ 

Bed 

number 

How many CVADs 

in situ? (Please 

complete a data 

collection form for 

each CVAD) 

How many peripheral 

IVD are in situ?  

Informed verbal 

consent to assess 

CVAD from 

patient or next 

of kin (yes/no) 

Assessor’

s initials 

0001      

0002      

0003      

0004      

0005      

0006      

0007      

0008      

0009      

0010      

0011      

0012      

0013      

0014      

0015      

0016      

0017      

0018      

0019      

0020      
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CVAD Point Prevalence Study Screening Log – page 2 of 2 

This log should contain no identifying patient information 

CVAD: Central venous access device 

 
Please scan and email completed form to a.ullman@griffith.edu.au  

Thank you! 

Screeni

ng 

number 

Room/ 

Bed 

number 

How many CVADs 

in situ? (Please 

complete a data 

collection form for 

each CVAD) 

How many peripheral 

IVD are insitu?  

Informed verbal 

consent to assess 

CVAD from 

patient or next 

of kin (yes/no) 

Assessor’

s initials 

0021      

0022      

0023      

0024      

0025      

0026      

0027      

0028      

0029      

0030      

0031      

0032      

0033      

0034      

0035      

0036      

0037      

0038      

0039      

0040      
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Appendix M: CVAD Point Prevalence Audit: Multi -site ethics approvals 

 

 

  



 375 
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Appendix N: CVAD Point Prevalence Audit: Parent/ Guardian Information 

and Consent Form – example from Royal Children’s Hospital Melbourne  

HREC Project number: 33257 

Research Project Title: CVAD Point Prevalence Survey 

Principal Investigator for Royal Children’s Hospital: Ms Terri Butcher, Clinical Nurse 
Consultant, Infection Prevention and Control department.  

Version Number: 2    Version Date: 25th February 2015 

Thank you for taking the time to read this Participant Information Statement and 

Consent Form. We would like to invite you to participate in a research project that is 
explained below.  

This document is 3 pages long. Please make sure you have all the pages. 

What is an Information Statement? 

These pages tell you about the research project. It explains to you clearly and openly all 

the steps and procedures of the project. The information is to help you to decide whether or 
not you would like to take part in the research. Please read this Information Statement 
carefully. 

Before you decide to take part or not, you can ask us any questions you have about the 
project. You may want to talk about the project with your family, friends or healthcare 

worker.  

If you would like to take part in the research project, please sign the consent form at the 
end of this information statement. By signing the consent form you are telling us that you:  

 understand what you have read 

 had a chance to ask questions and received satisfactory answers 

 consent to taking part in the project.  

We will give you a copy of this information and consent form to keep. 

1. What is the research project about? 

This is a one-day, Australian study investigating the use of central venous access devices 
(CVAD) in paediatric hospital patients. The purpose of the study is to promote awareness 

of CVAD assessment and care as a priority health area. The information gathered will 
assist researchers and educators to develop and deliver best practice initiatives for CVAD 
care.  

2. Who is funding this research project? 

The funding for this study is paid for by the department conducting the study. There is no 

cost to participants. 

3. Why Is my child being asked to be in this research project? 

All patients with a CVAD in place on the day of the study are being asked to participate.  

4. What does participation in this research involve? 
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There will be one assessment of your child’s CVAD site for this study. This should take 

around 5 minutes. This is in addition to the usual assessment by your nurse. On the day of 
the study, a member of the study team will assess your child’s CVAD site to check how 

well it is working, if the site looks healthy, if the dressing is clean and intact, what IV 
connections are in use, and what medications and fluids are being given.  

The member of the study team will also check your child’s medical record to find out the 

date the CVAD was inserted in your child, and to note any medication and fluid orders for 
the day. 

5. What are my alternatives to taking part? 

Participation in a research project is voluntary. It is your choice to let your child take part 
in this research. You do not have to agree if you do not want to. 

If you give your consent and change your mind, your child can withdraw from the project. 
You do not need to tell us the reason why you or your child want to stop being in the 

project. If your child leaves the project we will be unable to destroy your child’s 
information because it is anonymous.  

Whatever your decision, it will not affect any treatment or care your child gets, or your 

family’s relationship with The Royal Children’s Hospital.  

6. What are the possible benefits for me and other people in the future?  

There are no benefits to participants, although it is possible that an additional assessment 
of your child’s CVAD site could detect concerns and enable prompt management. The 
information gained from the study is expected to help nurses and doctors provide better 

CVAD care for patients in future. 

7. What are the possible risks, side effects, discomforts and/or inconveniences? 

This is a very low risk study with minimal inconvenience. All consenting participants with 
a CVAD will have their CVAD site assessed. This will take about 5 minutes. If your 
child’s CVAD site is painful or any other concerns are detected, the nurse caring for 

him/her will be notified and treatment will be given as usual if required.  

8. What will be done to make sure my child’s information is confidential? 

Your child’s personal details will not be collected. We are only collecting information 
about the CVAD site. All data will be sent to Griffith University in Brisbane where it will 
be published in a healthcare journal and disseminated worldwide. The data will be stored 

confidentially at Griffith University for 7 years and then destroyed.  

9. Will I be informed of the results when the research project is finished? 

Results of the study will be published in a healthcare journal and at medical conferences. 
The study results will not reveal any identifying information about the participants. If you 
would like to be notified of the study results, please inform the investigator. 

If you would like more information about the project or if you need to contact a 

member of the research team in an emergency, the person to contact is: 
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Name: Ms Terri Butcher 

Contact telephone: 9345 4792  

If you have any concerns and/or complaints about the project, the way it is being 

conducted or your rights as a research participant, and would like to speak to someone 

independent of the project, please contact: Director, Research Ethics & Governance, The 

Royal Children’s Hospital Melbourne on telephone : (03) 9345 5044. 

 

Consent Form 

Please read the following carefully, and sign below if you are happy for your child to 

participate in the study. 

 I have read, or had read to me in my first language, the information statement 

version listed above and I understand its contents. 

 I believe I understand the purpose, extent and possible risks of my child’s 

involvement in this project. 

 I voluntarily consent for my child to take part in this research project. 

 I have had an opportunity to ask questions and I am satisfied with the answers I 

have received. 

 I understand that my child’s CVAD site will be assessed for the purposes of this 

study.  

 I agree to have my child’s CVAD site assessed and this data included in the study.  

 I give permission for authorised study personnel to extract details that pertain to 

this study from my child’s hospital medical record. 
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 I understand that my child’s personal details (name, date of birth, address, hospital 

record number) will not be collected. 

 I understand that when results are published, the data will be presented in such a 

way that my child cannot be identified. 

 I understand that this project has been approved by The Royal Children’s Hospital 

Melbourne Human Research Ethics Committee and will be carried out in line with 

the National Statement on Ethical Conduct in Human Research (2007) – updated 

December 2013. 

 I understand I will receive a copy of this Information Statement and Consent Form. 

 

Child’s Name     

 

Parent/Guardian Name  Parent/Guardian Signature  Date 

Declaration by researcher: I have supplied an Information Letter and Consent Form to the 

parent/guardian who has signed above, and believe that they understand the purpose, 

extent and possible risks of their child’s involvement in this project. 

Research Team Member 

Name 

 Research Team Member 

Signature 

 Date 

Note: All parties signing the Consent Form must date their own signature. 
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Appendix O: CVAD Point Prevalence Audit: Record of verbal consent – 

example from Royal Children’s Hospital Melbourne  

RECORD OF VERBAL CONSENT 

 
HREC Project 

Number: 

33257A 

 
Research Project 

Title: 

CVAD Point Prevalence Survey 

 

 
 

Date Information Statement/Brochure provided  ____/____/______ 

 
 

 
 

 

Spoke to (name or parent/participant): 

 

 Yes  No Do you give your consent for you/your child to participate 
in this project? 

 
 
 

Name of person obtaining consent: 

 

Signature of Person Obtaining Consent: 

 

Date: Time: 
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Appendix P: Pilot RCT: Screening Logs 

Screening Log (enter all patients that are screened)  

Inclusion criteria Exclusion criteria: 

1. Tunnelled cuffed CVAD (tc-CVC) to be inserted, or has been inserted, for 

clinical care; planned to remain insitu for >/= 24 hours 

2. Informed consent from parent or legal guardian 

1. Other CVAD types; eg. Non-tunnelled CVAD, Port-a-cath, PICC, HD 

2. Current bloodstream infection 

3. Non-English speaking without interpreter 

 4. Known allergy to study product 

 5. CVADs inserted through diseased, burned or scarred skin 

 6. Current skin tear/‘papery’ skin at high risk of tear 

 7. Extremely diaphoretic 

       

Patient  
Initials 

(first/last) 

UR 
Number 

Date of  
Admission 

(dd/mm/yyyy) 

Date of 
Screening 

(dd/mm/yyyy) 

Inclusion Criteria 
Met  

( Y or N) 
If yes Study No. 

Exclusion criteria 
Met 

( If yes provide 
reason from list) 

Allocated 
Study no. 

(if yes) 

Allocated 
Randomisation 

no. (if yes) 
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Appendix Q: Pilot RCT: REDCap data collection sheets 
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391 
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396 

 

  



 

 
397 
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Appendix R: Pilot RCT: Children’s Health Service Queensland HREC: 

Original approval 
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Appendix R: Pilot RCT: Children’s Health Services Queensland: Amended 

approval 
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Appendix S: Pilot RCT: Griffith University HREC approval  

GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE 

                               20-Feb-2014 

 

Dear Ms Ullman 

I write further to the additional information provided in relation to the conditional 

approval granted to your application for ethical clearance for your project “PR: Central 

venous Access device SeCurement And Dressing Effectiveness: the CASCADE Trial - 

HREC/13/QRCH/181” (GU Ref No: NRS/10/14/HREC). 

This is to confirm receipt of the remaining required information, assurances or 

amendments to this protocol. 

Consequently, I reconfirm my earlier advice that you are authorised to immediately 

commence this research on this basis. 

The standard conditions of approval attached to our previous correspondence about this 

protocol continue to apply. 

Regards 

Dr Kristie Westerlaken 

Policy Officer 

Office for Research 

Bray Centre, Nathan Campus 

Griffith University 

ph: +61 (0)7 373 58043 

fax: +61 (07) 373 57994 

email: k.westerlaken@griffith.edu.au 

web:  
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Researchers are reminded that the Griffith University Code for the Responsible Conduct 

of Research provides guidance to researchers in areas such as conflict of interest, 

authorship, storage of data, & the training of research students. 

You can find further information, resources and a link to the University’s Code by 

visiting 

http://policies.griffith.edu.au/pdf/Code%20for%20the%20Responsible%20Conduct%20

of%20Research.pdf 

  

http://policies.griffith.edu.au/pdf/Code%20for%20the%20Responsible%20Conduct%20of%20Research.pdf
http://policies.griffith.edu.au/pdf/Code%20for%20the%20Responsible%20Conduct%20of%20Research.pdf
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Appendix T: Pilot RCT: Substitute Decision Maker Information and 

Consent form 

 

 

 

Project Title Central venous Access device SeCurement And Dressing 

Effectiveness in children: the CASCADE Junior Trial 

 

Investigator  Amanda Ullman, Professor Claire Rickard, Tricia Kleidon and Dr 

Craig McBride  

Contact Person  Victoria Gibson pg: 83928 

  Amanda Ullman ph: 0400 553 709  

Address  Attn: Amanda Ullman and Tricia Kleidon 

    Paediatric Vascular Assessment and Management Service 

Lady Cilento Children’s Hospital 

  Level 7F 

  501 Stanley Street, South Brisbane  

Participation in this research is voluntary. Acting on behalf of the patient, we kindly ask 

that you read this information sheet about this clinical trial. If you are satisfied with the 

explanation and agree for the patient to participate in this trial please provide your 

consent on the form provided. You should keep a copy of this sheet for your future 

reference. 

Introduction 

Central venous access devices (CVADs) play an important role in the management of 

patients, serving as reliable vascular access and the site of venous pressure monitoring. 

They are inserted when a patient requires venous access over an extended period of time 

and allows the intravenous administration of complex drug treatments, blood products 

and nutritional support without the trauma associated with repeated needle insertions.  

Around 20–40% of CVADs fail causing them to be unable to deliver treatment and 

leading to CVAD removal and potential replacement. Failure can be dislodgement 

(partial or complete), mechanical (blockage due to thrombosis or occlusion), or 
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infective (local or systemic). Partial or complete CVAD dislodgement occurs frequently 

in acute care hospitals due to movement/pressure on the CVAD which moves it out of 

the required position in the vein. ‘Drag’ from multiple heavy infusion tubes, ‘catching’ 

on environmental structures, e.g., clothing, bedrails or during transfer in and out of lifts 

or inpatient beds can all dislodge CVAD and other catheters. Using a good securement 

and dressing technique should be able to prevent the large majority of CVAD failures. 

Background to experiment 

Current methods of securing CVAD to the skin are variant across clinical areas, but the 

majority use a clear polyurethane with an added external adhesive border of foam or 

cloth fabric to maximise catheter security. New products are now available which may 

assist in preventing CVAD failures, stabilisation and infection barriers. New research 

suggests better results with new reinforced securement/dressing products or with 

sutureless stabilisation devices, but these have not been well tested. In addition, we have 

identified a new novel approach to CVAD securement: tissue adhesive (medical grade 

“superglue”) which has been government approved for use on wounds and is commonly 

used for that purpose. 

Description of Experiment - methods and demands 

This study will test the effectiveness of five dressings for CVADs. These include tissue 

adhesive and two new commercial dressings compared against current plastic dressings. 

We are doing this research study to find out the best practice for dressing CVADs. To 

do this, we need to study large numbers of people, more than have been included in 

previous research, and closely monitor their CVADs. 

We would like the patient for whom you are the substitute decision maker (i.e., you are 

a parent, relative, the next of kin or guardian) to participate in this important study 

because the doctor/nurse believes that he/she will have a CVAD inserted. 

If you chose to participate this means: 

a) The patient for whom you are the substitute decision maker will be allocated, by 

a random (chance) selection process, to one of the following dressing protocols to 

secure their CVAD in place: 

 Tissue adhesive (medical ‘superglue’) 

 Sutureless stabilisation device (gripping clasp or fastener over the CVAD 

plus soft clear plastic dressing) 
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 Reinforced securement and dressing product (combines a dressing and 

securement function through reinforced borders) 

 Usual care (bordered polyurethane dressing: soft clear plastic dressing with 

cotton edging) 

b) Nurses will then check the dressing daily for four weeks, or until the CVAD is 

removed. 

c) Information about their CVAD and medical condition, including infection results, 

will be recorded from their hospital chart by a research nurse or assistant 

d) After their CVAD is no longer needed, it may be examined in the research 

laboratory for signs of infection risk 

e) You are also asked to consider allowing the collected information to be kept in an 

anonymous manner for other infection-related research that may occur in the 

future 

Risk & Discomfort 

All of the dressings for use in this study are already used in some hospitals to secure 

peripheral and central venous devices. There is currently no evidence that any of the 

study dressings have a higher risk of infection or other complications for the patient but 

we need to do this large study to find out if this is the case. All patients will be 

monitored closely as usual, and will have immediate treatment if any complications 

occur. Some patients in the study will be asked to have a painless skin swab just prior to 

CVAD removal but otherwise there will be no extra treatment or tests because of the 

study. 

Benefits 

We do not expect that there will be any direct benefit by participating in the study. We 

do think that the participation of the patient for whom you are acting on behalf of, will 

benefit patients, nurses and hospitals in the future, and you may feel satisfaction at your 

contribution to improving healthcare through research. You will be able to receive a 

report on the results of the research study by ticking the box on this form. 

Withdrawing from the Study 

Participation is entirely voluntary and if you decide not to participate this will not affect 

the medical care, or treatment of the patient for whom you are substitute decision maker 

for, by hospital staff in any way. If you choose for the patient to participate, you are free 
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to withdraw your consent and to discontinue participation at any time, by telling the 

research nurse. Your choice not to participate or to withdraw your participation will not 

affect the treatment of the patient you are substitute decision maker for in any way. 

Confidentiality 

Data collected during this study will be treated confidentially. The research nurse and 

assistants will store data about the patient you are acting on behalf of using a unique 

research number. The information will be safely stored at the hospital and Griffith 

University. Combined patient results of this study will be published in scientific 

journals and conferences. However, the patient for whom you are the substitute decision 

maker will not be referred to by name and personal identity will not be revealed in any 

publication or report. Research data may be accessed by auditors, ethics committee or 

regulatory authorities. All research records will be confidentially destroyed 15 years 

after the study. 

Compensation 

This document in no way limits your rights at law from any damage that might arise 

from negligence on the part of investigators. 

Contact 

If you have any questions now, or at a later time, we hope and expect that you will ask 

us. Please contact any of the researchers named on this form by contacting Tricia Kleidon 

and she will be happy to answer your questions. Contact details are at the top of this form. 

This study is being conducted as part of Amanda Ullman’s Doctor of Philosophy (PhD) 

program. 

The Children’s Health Services Queensland (RCH) Human Research Ethics Committee 

(HREC) has approved this study. Should you wish to discuss the study with someone not 

directly involved, in particular, any matters concerning policies, information about the 

conduct of the study or your rights as a participant, or you wish to make a confidentia l 

complaint, at any time, you may contact the Co-ordinator of the Ethics Committee on 

3636 9167. If this phone is unattended, please leave a message and your call will be 

answered as soon as possible. 

 

        

 Yes, I would like to receive information about the results of this research study 
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SUBSTITUTE DECISION MAKER 

I have read the above information. I have asked all of my questions and I have received 

answers. I agree to enrol _____________ in this study. 

 

         

Signature of Substitute decision maker    Date 

 

CHIEF INVESTIGATOR 

I have fully explained to the substitute decision maker 

........................................................................ the nature and purpose of the program and 

the procedures to be employed as described above and such risks as are involved in their 

performance, and I have provided the substitute decision maker with a copy of the 

Substitute Decision Maker Information Sheet. 

 

         

Signature of Investigator     Date 

   _______      

Print Name     Position 

 

 

INDEPENDENT WITNESS 

I have witnessed the receipt of a Substitute Decision Maker Information Sheet by the 

Substitute Decision Maker and exchanging of information between the investigator and 

the substitute decision maker about the study. 

An auditor witness would optimally discuss the study with the subject and witness the 

subject signature 

 

         

Signature of Witness     Date 

   ________      

Print Name      Position 
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Appendix U: Pilot RCT: Youth Assent form 

 

  

 

CHILDREN’S HEALTH SERVICES 

YOUNG PERSONS INFORMATION SHEET 

 

Project Title Central venous Access device SeCurement And Dressing 

Effectiveness in children: the CASCADE Junior Trial 

 

Investigator Amanda Ullman, Professor Claire Rickard, Tricia Kleidon and Dr Craig 

  McBride 

 

Participation in this research is voluntary. 

 

Introduction 

Your doctors and family have told you that you are going to have a ‘special’ tube put in 

so that they can give you medicine; this is called a Central Venous Catheter.  

These special tubes need something over the top of them, called a dressing, which is like a 

band-aid or sticky plaster. These dressings help make sure the tubes don’t accidentally fall 

out, get wet or get dirty.  

We have found some new dressings that might do a really good job at keeping the tubes 

in place and keeping it dry and clean. One is the normal plaster, one is a type of glue, one 

is extra strong, and one has clips. 

Description of Experiment - methods and demands 

We would like you to have one of the new dressings put on top of your central venous 

catheter. Then we would have a look at the dressing each day and see if they stay on well, 

or fall off. This would be for the next four weeks. 

Risk & Discomfort 

All of the dressings are already used in hospitals. The glue is not usually used to keep 

central venous catheters in place, like yours. But we have done small studies in adults 

and these have suggested it is very good for this use and that it is safe.  
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There is currently no evidence that any of the dressings have a higher risk of falling out 

or getting dirty but we need to do this large study to find out for sure. We will be 

keeping a close watch on you and the dressings, so if the dressing starts to be annoying, 

falls off or stops working well, we will be able to help straight away.  

There will be no extra treatment, needles or tests because of the study. 

Benefits 

We do not expect that there will be any direct benefit to you by participating in the 

study. We do think that it will benefit patients, nurses and hospitals in the future, and 

you may feel happy about helping. You will be able to receive a report on the results of 

the research study by ticking the box on this form.  

Withdrawing from the Study 

Your decision whether or not to participate will not prejudice your future relations with 

the Children’s Health Services. If you decide to participate, you are free to withdraw my 

consent and to discontinue participation at any time. The decision to withdraw from the 

study will not affect your routine medical treatment or your relationship with the people 

treating you. 

 

If you have any questions about this study you can talk to your family, or the doctors and 

nurses taking care of you.  

        

 Yes, I would like to receive information about the results of this research study 
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Children’s Health Services  

YOUNG PERSONS CONSENT FORM 

 

PARTICIPANT 

I have read the above information. I have asked all of my questions and I have received 

answers. I agree to take part in this study. 

         

Signature of Young Person    Date 

 

CHIEF INVESTIGATOR 

I have fully explained to the parent/guardian ........................................................................ 

the nature and purpose of the program and the procedures to be employed as described 

above and such risks as are involved in their performance, and I have provided the 

child/adolescent with a copy of the Young Persons Information Sheet. 

         

Signature of Investigator     Date 

   _______      

Print Name      Position 

 

 

INDEPENDENT WITNESS 

I have witnessed the receipt of a Young Persons Information Sheet by the young person 

and exchanging of information between the investigator and the young person about the 

study. 

An auditor witness would optimally discuss the study with the subject and witness the 

subject signature 

         

Signature of Witness     Date 

   ________      

Print Name      Position 
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Appendix V: Pilot RCT: Revocation of Consent form 

 

 

 

REVOCATION OF CONSENT FORM 

Project Title Central venous Access device SeCurement And Dressing 

Effectiveness: the CASCADE Trial 

Investigator         Ms Amanda Ullman, Professor Claire Rickard, Tricia Kleidon and 

Dr Craig McBride 

 

(To be used for participants who wish to withdraw from the project.) 

I hereby wish to WITHDRAW my consent to participate in the research proposal 

described above and understand that such withdrawal WILL NOT jeopardise any 

treatment or my relationship with the Lady Cilento Children’s Hospital. 

 

 

Participant’s Name (printed) ……………………………………………………. 

 

Signature       Date 

 

 

 

Please send to: 
C/- Amanda Ullman and Tricia Kleidon 
Lady Cilento Children’s Hospital 
Paediatric Vascular Assessment and Management 
Level 7f (anaesthetic department) 
501 Stanley Street 
South Brisbane. Q 4101 

 

  

 



 

 
417 

References 

2014 Journal Citation Reports® Science Edition. (2015): Thomson Reuters. 
2015 Journal Citation Reports® Science Edition. (2016): Thomson Reuters. 
Abedin, S., & Kapoor, G. (2008). Peripherally inserted central venous catheters are a good 

option for prolonged venous access in children with cancer. Pediatr Blood Cancer, 
51(2), 251-255. doi: 10.1002/pbc.21344 

Adeb, M., Baskin, K. M., Keller, M. S., Krishnamurthy, G., Nijs, E., Meyers, K., . . . Cahill, A. 
M. (2012). Radiologically placed tunneled hemodialysis catheters: a single pediatric 
institutional experience of 120 patients. J Vasc Interv Radiol, 23(5), 604-612. doi: 
10.1016/j.jvir.2012.01.075 

Adler, A., Yaniv, I., Steinberg, R., Solter, E., Samra, Z., Stein, J., & Levy, I. (2006). Infectious 
complications of implantable ports and Hickman catheters in paediatric haematology-
oncology patients. J Hosp Infect, 62(3), 358-365. doi: 10.1016/j.jhin.2005.08.019 

Advani, S., Reich, N. G., Sengupta, A., Gosey, L., & Milstone, A. M. (2011). Central line-
associated bloodstream infection in hospitalized children with peripherally inserted 
central venous catheters: extending risk analyses outside the intensive care unit. Clin 
Infect Dis, 52(9), 1108-1115. doi: 10.1093/cid/cir145 

Aiyagari, R., Song, J. Y., Donohue, J. E., Yu, S., & Gaies, M. G. (2012). Central venous 
catheter-associated complications in infants with single ventricle: comparison of 
umbilical and femoral venous access routes. Pediatr Crit Care Med, 13(5), 549-553. 
doi: 10.1097/PCC.0b013e31824fbdb4 

Albisetti, M., Kellenberger, C. J., Bergstrasser, E., Niggli, F., Kroiss, S., Rizzi, M., & 
Schmugge, M. (2013). Port-a-cath-related thrombosis and postthrombotic syndrome in 
pediatric oncology patients. J Pediatr, 163(5), 1340-1346. doi: 
10.1016/j.jpeds.2013.06.076 

Alexandrou, E. (2014). The One Million Global Catheters PIVC worldwide prevalence study. 
Br J Nurs, 23(8), S16-17.  

Alexandrou, E., Spencer, T. R., Frost, S. A., Mifflin, N., Davidson, P. M., & Hillman, K. M. 
(2014). Central venous catheter placement by advanced practice nurses demonstrates 
low procedural complication and infection rates--a report from 13 years of service. Crit 
Care Med, 42(3), 536-543. doi: 10.1097/CCM.0b013e3182a667f0 

Allen, R. C., Holdsworth, M. T., Johnson, C. A., Chavez, C. M., Heideman, R. L., Overturf, G., 
. . . Winter, S. S. (2008). Risk determinants for catheter-associated blood stream 
infections in children and young adults with cancer. Pediatr Blood Cancer, 51(1), 53-
58. doi: 10.1002/pbc.21497 

Almuneef, M. A., Memish, Z. A., Balkhy, H. H., Hijazi, O., Cunningham, G., & Francis, C. 
(2006). Rate, risk factors and outcomes of catheter-related bloodstream infection in a 
paediatric intensive care unit in Saudi Arabia. J Hosp Infect, 62(2), 207-213. doi: 
10.1016/j.jhin.2005.06.032 

Arain, M., Campubell, M. J., Cooper, C. L., & Lancaster, G. A. (2010). What is a pilot or 
feasibility study? A review of current practice and editorial policy. BMC Medical 
Research Methodology, 10(67), 1-7.  

Ardura, M. I., Lewis, J., Tansmore, J. L., Harp, P. L., Dienhart, M. C., & Balint, J. P. (2015). 
Central catheter-associated bloodstream infection reduction with ethanol lock 
prophylaxis in pediatric intestinal failure: broadening quality improvement initiatives 
from hospital to home. JAMA Pediatr, 169(4), 324-331. doi: 
10.1001/jamapediatrics.2014.3291 

Arnts, I. J., Bullens, L. M., Groenewoud, J. M., & Liem, K. D. (2014). Comparison of 
complication rates between umbilical and peripherally inserted central venous catheters 
in newborns. J Obstet Gynecol Neonatal Nurs, 43(2), 205-215. doi: 10.1111/1552-
6909.12278 

Arvanati, K., Lathyris, D., Clouva-Molyvdas, P., Haidich, A. B., Mouloudi, E., Synnefaki, E., . . 
. Matamis, D. (2012). Comparison of Oligon catheters and chlorhexidine-impregnated 



 

 
418 

sponges with standard multilumen central venous cathters for prevention of associated 
colonization and infections in intensive care unit patients: a multicenter, randomized, 
controlled study. Crit Care Med, 40(2), 420-429.  

Askegard-Giesmann, J. R., Caniano, D. A., & Kenney, B. D. (2009). Rare but serious 
complications of central line insertion. Semin Pediatr Surg, 18(2), 73-83. doi: 
10.1053/j.sempedsurg.2009.02.003 

Australian and New Zealand Intensive Care Society. (2012). Central Line Insertion and 
Maintenance Guideline.  Retrieved 11th April, 2014 

Australian Institute of Health and Welfare. (2012). Intensive care unit: Metadata Online 
Registry. (237234). Canberra: Australian Government. 

Bannigan K, & Watson R. (2009). Reliability and validity in a nutshell. J Clin Nurs, 18, 3237-
3243.  

Bard Access Systems. (2013). Bard Access Systems Hickman Catheters.  Retrieved 29/03/2014, 
from http://www.bardaccess.com/assets/pdfs/brochures/bro-hick-bro-leon.pdf 

Barnacle, A., Arthurs, O. J., Roebuck, D., & Hiorns, M. P. (2008). Malfunctioning central 
venous catheters in children: a diagnostic approach. Pediatr Radiol, 38(4), 363-378, 
quiz 486-367. doi: 10.1007/s00247-007-0610-2 

Barrier, A., Williams, D. J., Connelly, M., & Creech, C. B. (2012). Frequency of peripherally 
inserted central catheter complications in children. Pediatr Infect Dis J, 31(5), 519-521. 
doi: 10.1097/INF.0b013e31824571b0 

Bartram, J. L., O’Driscoll, S., Kulasekararaj, A. G., Height, S. E., Dick, M., Patel, S., & Rees, 
D. C. (2011). Portacaths are safe for long-term regular blood transfusion in children 
with sickle cell anaemia. Arch Dis Child, 96(11), 1082-1084. doi: 
10.1136/adc.2009.173856 

Bashir, M. H., Olson, L. K., & Walters, S. A. (2012). Suppression of regrowth of normal skin 
flora under chlorhexidine gluconate dressings applied to chlorhexidine gluconate-
prepped skin. Am J Infect Control, 40(4), 344-348. doi: 10.1016/j.ajic.2011.03.030 

Berenholtz, S. M., Pronovost, P., Lipsett, P. A., Hobson, D., Earsing, K., Farley, J. E., . . . Perl, 
T. (2004). Eliminating catheter-related bloodstream infections in the intensive care unit. 
Crit Care Med, 32(10), 2014-2020.  

Bezzio, S., Scolfaro, C., Broglia, R., Calabrese, R., Mignone, F., Abruzzese, P. A., . . . Tovo, P. 
A. (2009). Prospective incidence study of bloodstream infection in infants and children 
with central venous catheters after cardiac surgery in Italy. Infect Control Hosp 
Epidemiol, 30(7), 698-701. doi: 10.1086/598242 

Bhende, S., & Rothenburger, S. (2007). In vitro antimicrobial effectiveness of five catheter 
insertion-site dressings. J Assoc for Vasc Access, 12(4), 227-231.  

Bhende, S., & Spangler, D. (2004). In vitro assessment of chlorhexidine gluconate-impregnated 
polyurethane foam antimicrobial dressing using zone of inhibition assays. Infect 
Control Hosp Epidemiol, 25(8), 664-667. doi: 10.1086/502458 

Blanchard, A. C., Fortin, E., Rocher, I., Moore, D. L., Frenette, C., Tremblay, C., & Quach, C. 
(2013). Central line-associated bloodstream infection in neonatal intensive care units. 
Infect Control Hosp Epidemiol, 34(11), 1167-1173. doi: 10.1086/673464 

Bradford, N. K., Edwards, R. M., & Chan, R. J. (2015). Heparin versus 0.9% sodium chloride 
intermittent flushing for the prevention of occlusion in long term central venous 
catheters in infants and children. Cochrane Database Syst Rev, 11, Cd010996. doi: 
10.1002/14651858.CD010996.pub2 

Brandt, B., DePalma, J., Irwin, M., Shogan, J., & Lucke, J. F. (1996). Comparison of central 
venous catheter dressings in bone marrow transplant recipients. Oncol Nurs Forum, 
23(5), 829-836.  

Bratton, J., Johnstone, P. A., & McMullen, K. P. (2013). Outpatient management of vascular 
access devices in children receiving radiotherapy: Complications and morbidity. Pediatr 
Blood Cancer. doi: 10.1002/pbc.24642 

Broadhurst, D. (2015). PICC catheter securement: a randomized controlled trial in the home 
care setting. J Vasc Access, 15, 218-219.  



 

 
419 

Broadhurst, D., Moureau, N., & Ullman, A. J. (2015). Central venous access devices site care 
practices: an international survey of 34 countries. J Vasc Access, 0(0), 0. doi: 
10.5301/jva.5000450 

Brooker, R. W., & Keenan, W. J. (2007). Catheter related bloodstream infection following 
PICC removal in preterm infants. J Perinatol, 27(3), 171-174. doi: 
10.1038/sj.jp.7211655 

Bucki, B., Tomaszewska, R., Karpe, J., Stoksik, P., Sonta-Jakimczyk, D., & Szczepanski, T. 
(2008). Central venous access ports in children treated for hematopoietic malignancies. 
Pediatr Hematol Oncol, 25(8), 751-755. doi: 10.1080/08880010802313632 

Bundy, D. G., Gaur, A. H., Billett, A. L., He, B., Colantuoni, E. A., & Miller, M. R. (2014). 
Preventing CLABSIs among pediatric hematology/oncology inpatients: national 
collaborative results. Pediatrics, 134(6), e1678-1685. doi: 10.1542/peds.2014-0582 

Calvino, G. S., Chautemps, M., Schwebel, C., Sengel, E., Ruckly, S., & Djaguidi, M. R. (2014). 
Performance of new high performance dressings as compared to traditional ones in 
prevention infection and non-infection complications of catheters in ICU: a randomized 
controlled study. Intensive Care Med, S240.  

Can, E., Salihoglu, O., Ozturk, A., Gungor, A., Guler, E., & Hatipoglu, S. (2014). Complication 
profiles of central and non-central 1 Fr PICCs in neonates weighing <1500 g. J Matern 
Fetal Neonatal Med, 27(15), 1522-1525. doi: 10.3109/14767058.2013.863865 

Carraro, F., Cicalese, M. P., Cesaro, S., De Santis, R., Zanazzo, G., Tornesello, A., . . . 
Giacchino, M. (2013). Guidelines for the use of long-term central venous catheter in 
children with hemato-oncological disorders. On behalf of supportive therapy working 
group of Italian Association of Pediatric Hematology and Oncology (AIEOP). Ann 
Hematol, 92(10), 1405-1412. doi: 10.1007/s00277-013-1794-1 

Carrer, S., Bocchi, A., Bortolotti, M., Braga, N., Gilli, G., Candini, M., & Tartari, S. (2005). 
Effect of different sterile barrier precautions and central venous catheter dressing on the 
skin colonization around the insertion site. Minerva Anaestesiology, 71(5), 197-206.  

Casner, M., Hoesli, S. J., Slaughter, J. C., Hill, M., & Weitkamp, J. H. (2014). Incidence of 
catheter-related bloodstream infections in neonates following removal of peripherally 
inserted central venous catheters. Pediatr Crit Care Med, 15(1), 42-48. doi: 
10.1097/PCC.0b013e31829f5feb 

Castagnola, E., Fratino, G., Valera, M., Giacchino, M., Haupt, R., & Molinari, A. C. (2005). 
Correlation between “malfunctioning events” and catheter-related infections in pediatric 
cancer patients bearing tunneled indwelling central venous catheter: results of a 
prospective observational study. Support Care Cancer, 13(9), 757-759. doi: 
10.1007/s00520-005-0802-y 

Cecinati, V., Brescia, L., Tagliaferri, L., Giordano, P., & Esposito, S. (2012). Catheter-related 
infections in pediatric patients with cancer. Eur J Clin Microbiol Infect Dis, 31(11), 
2869-2877. doi: 10.1007/s10096-012-1652-4 

Centers for Disease Control and Prevention. (2014). National Healthcare Safety Network 
Device Associated Module: CLABSI. Atlanta: Retrieved from 
http://www.cdc.gov/nhsn/Training/course-catalog/clabsi-surveillance.html. 

Centre for Healthcare Related Infection Surveillance and Prevention & Tuberculosis Control. 
(2013). Guideline: Tunnelled Central Venous Catheter. Brisbane: Queensland 
Government. 

Cesaro, S., Corro, R., Pelosin, A., Gamba, P., Zadra, N., Fusaro, F., . . . Zanesco, L. (2004). A 
prospective survey on incidence and outcome of Broviac/Hickman catheter-related 
complications in pediatric patients affected by hematological and oncological diseases. 
Ann Hematol, 83(3), 183-188. doi: 10.1007/s00277-003-0796-9 

Chaimani, A., Higgins, J. P., Mavridis, D., Spyridonos, P., & Salanti, G. (2013). Graphical tools 
for network meta-analysis in STATA. PLoS One, 8(10), e76654. doi: 
10.1371/journal.pone.0076654 

Chambers, S. T., Sanders, J., Patton, W. N., Ganly, P., Birch, M., Crump, J. A., & Spearing, R. 
L. (2005). Reduction of exit-site infections of tunnelled intravascular catheters among 
neutropenic patients by sustained-release chlorhexidine dressings: results from a 



 

 
420 

prospective randomized controlled trial. J Hosp Infect, 61(1), 53-61. doi: 
10.1016/j.jhin.2005.01.023 

Chelliah, A., Heydon, K. H., Zaoutis, T. E., Rettig, S. L., Dominguez, T. E., Lin, R., . . . Coffin, 
S. E. (2007). Observational trial of antibiotic-coated central venous catheters in 
critically ill pediatric patients. Pediatr Infect Dis J, 26(9), 816-820. doi: 
10.1097/INF.0b013e318123e8bf 

Cheng, H. Y., Lu, C. Y., Huang, L. M., Lee, P. I., Chen, J. M., & Chang, L. Y. (2014). 
Increased frequency of peripheral venipunctures raises the risk of central-line associated 
bloodstream infection in neonates with peripherally inserted central venous catheters. J 
Microbiol Immunol Infect. doi: 10.1016/j.jmii.2014.06.001 

Children’s Health Services. (2011). Central venous catheters: nursing care and management of 
tunnelled (cuffed and non-cuffed) CVC in paediatric patients. Brisbane: Queensland 
Government. 

Children’s Health Services. (2014). Central Venous Access Device Insertion and Management. 
Retrieved 13/03/2014, from Queensland Government 

Chopra, V., Anand, S., Hickner, A., Buist, M., Rogers, M. A., Saint, S., & Flanders, S. A. 
(2013a). Risk of venous thromboembolism associated with peripherally inserted central 
catheters: a systematic review and meta-analysis. Lancet, 382(9889), 311-325. doi: 
10.1016/s0140-6736(13)60592-9 

Chopra, V., Flanders, S. A., Saint, S., Woller, S. C., O’Grady, N. P., Safdar, N., . . . Bernstein, 
S. J. (2015). The Michigan Appropriateness Guide for Intravenous Catheters (MAGIC): 
Results From a Multispecialty Panel Using the RAND/UCLA Appropriateness Method. 
Ann Intern Med, 163(6 Suppl), S1-S40. doi: 10.7326/m15-0744 

Chopra, V., O’Horo, J. C., Rogers, M. A., Maki, D. G., & Safdar, N. (2013b). The risk of 
bloodstream infection associated with peripherally inserted central catheters compared 
with central venous catheters in adults: a systematic review and meta-analysis. Infect 
Control Hosp Epidemiol, 34(9), 908-918. doi: 10.1086/671737 

Cil, B. E. (2004). Radiological placement of chest ports in pediatric oncology patients. Eur 
Radiol, 14(11), 2015-2019. doi: 10.1007/s00330-004-2380-7 

Colacchio, K., Deng, Y., Northrup, V., & Bizzarro, M. J. (2012). Complications associated with 
central and non-central venous catheters in a neonatal intensive care unit. J Perinatol, 
32(12), 941-946. doi: 10.1038/jp.2012.7 

Conly, J. M., Grieves, K., & Peters, B. (1989). A prospective, randomized study comparing 
transparent and dry gauze dressings for central venous catheters. J Infect Dis, 159(2), 
310-319.  

Cooper, K., Frampton, G., Harris, P., Jones, J., Cooper, T., Graves, N., . . . Cuthbertson, B. H. 
(2014). Are educational interventions to prevent catheter-related bloodstream infections 
in intensive care unit cost-effective? J Hosp Infect, 86(1), 47-52. doi: 
10.1016/j.jhin.2013.09.004 

Costa, P., Bueno, M., Alves, A. M., & Kimura, A. F. (2013). Incidence of nonelective removal 
of percutaneously inserted central catheters according to tip position in neonates. J 
Obstet Gynecol Neonatal Nurs, 42(3), 348-356. doi: 10.1111/1552-6909.12030 

Craig, P., Dieppe, P., Macintyre, S., Michie, S., Nazareth, I., & Petticrew, M. (2008). 
Developing and evaluating complex interventions: the new Medical Research Council 
guidance. BMJ, 337, a1655.  

Crawford, A. G., Fuhr, J. P., Jr., & Rao, B. (2004). Cost-benefit analysis of chlorhexidine 
gluconate dressing in the prevention of catheter-related bloodstream infections. Infect 
Control Hosp Epidemiol, 25(8), 668-674. doi: 10.1086/502459 

Dal Molin, A., Di Massimo, D. S., Braggion, C., Bisogni, S., Rizzi, E., D’Orazio, C., . . . 
Festini, F. (2012). Totally implantable central venous access ports in patients with 
cystic fibrosis: a multicenter prospective cohort study. J Vasc Access, 13(3), 290-295. 
doi: 10.5301/jva.5000036 

Davidson, L. (1986). Dressing subclavian catheters. Nursing Times, 82(7), 40.  



 

 
421 

de Barros, L. F., Arenas, V. G., Bettencourt, A. R., Diccini, S., Fram, D. S., Belasco, A. G. S., 
& Barbosa, D. A. (2009). Evaluation of two types of dressings used on central venous 
catheters for hemodialysis. Acta Paul Enferm, 22, 481-486.  

de Jonge, R. C., Polderman, K. H., & Gemke, R. J. (2005). Central venous catheter use in the 
pediatric patient: mechanical and infectious complications. Pediatr Crit Care Med, 6(3), 
329-339. doi: 10.1097/01.pcc.0000161074.94315.0a 

Debourdeau, P., Kassab Chahmi, D., Le Gal, G., Kriegel, I., Desruennes, E., Douard, M. C., . . . 
Farge, D. (2009). 2008 SOR guidelines for the prevention and treatment of thrombosis 
associated with central venous catheters in patients with cancer: report from the 
working group. Ann Oncol, 20(9), 1459-1471. doi: 10.1093/annonc/mdp052 

Delarbre, B., Dabadie, A., Stremler-Lebel, N., Jolibert, M., Cassagneau, P., Lebel, S., . . . 
Gorincour, G. (2014). Introduction of the use of a pediatric PICC line in a French 
University Hospital: review of the first 91 procedures. Diagn Interv Imaging, 95(3), 
277-281. doi: 10.1016/j.diii.2013.05.004 

Department of Health Western Australia. (2009). Framework for the care of neonates in 
Western Australia. Perth: Department of health, Western Australia. 

Dheer, G., Chaudhry, G. K., & Singh, T. (2011). Immediate complications of percutaneous 
central venous cannulation in children. J Indian Assoc Pediatr Surg, 16(4), 145-147. 
doi: 10.4103/0971-9261.86873 

Doellman, D., Buckner, J. K., Hudson Garrett Jnr, J., Catudal, J. P., Frey, A. M., Lamagna, P., . 
. . Whitehead, M. (2015). Best Practice Guidelines in the Care and Maintenance of 
Pediatric Central Venous Catheters. Second edition. USA: Association for Vascular 
Access. 

Douglas, L., Aspin, A., Jimmeson, N., & Lawrance, V. (2009). Central venous access devices: 
review of practice. Paediatr Nurs, 21(5), 19-22.  

Dudeck, M. A., Edwards, J. R., Allen-Bridson, K., Gross, C., Malpiedi, P. J., Peterson, K. D., . . 
. Sievert, D. M. (2015). National Healthcare Safety Network report, data summary for 
2013, Device-associated Module. Am J Infect Control, 43(3), 206-221. doi: 
http://dx.doi.org/10.1016/j.ajic.2014.11.014 

Duesing, L. A., Fawley, J. A., & Wagner, A. J. (2016). Central venous access in the pediatric 
population with emphasis on complications and prevention strategies. Nutr Clin Pract. 
doi: 10.1177/0884533616640454 

Dzierzega, M., Ossowska, M., Chmiel, D., Wieczorek, A., & Balwierz, W. (2014). The 
malposition of central venous catheters in children. Pol J Radiol, 79, 275-278. doi: 
10.12659/pjr.890408 

Egger, M., Davey Smith, G., Schneider, M., & Minder, C. (1997). Bias in meta-analysis 
detected by a simple, graphical test. BMJ, 315(7109), 629-634.  

Eggimann, P. (2007). Prevention of intravascular catheter infection. Curr Opin Infect Dis, 
20(4), 360-369. doi: 10.1097/QCO.0b013e32818be72e 

Eisenstein, I., Tarabeih, M., Magen, D., Pollack, S., Kassis, I., Ofer, A., . . . Zelikovic, I. (2011). 
Low infection rates and prolonged survival times of hemodialysis catheters in infants 
and children. Clin J Am Soc Nephrol, 6(4), 793-798. doi: 10.2215/cjn.04810610 

Elihu, A., & Gollin, G. (2007). Complications of implanted central venous catheters in 
neutropenic children. Am Surg, 73(10), 1079-1082.  

Engervall, P., Ringertz, S., Hagman, E., Skogman, K., & Bjorkholm, M. (1995). Change of 
central venous catheter dressings twice a week is superior to once a week in patients 
with haematological malignancies. J Hosp Infect, 29(4), 275-286.  

Fadel, F. I., Abdel Mooty, H. N., Bazaraa, H. M., & Sabry, S. M. (2008). Central venous 
catheters as a vascular access modality for pediatric hemodialysis. Int Urol Nephrol, 
40(2), 489-496. doi: 10.1007/s11255-007-9259-x 

Fallon, S. C., Kim, M. E., Fernandes, C. J., Vasudevan, S. A., Nuchtern, J. G., & Kim, E. S. 
(2014). Identifying and reducing early complications of surgical central lines in infants 
and toddlers. J Surg Res, 190(1), 246-250. doi: 10.1016/j.jss.2014.04.011 

Fallon, S. C., Larimer, E. L., Gwilliam, N. R., Nuchtern, J. G., Rodriguez, J. R., Lee, T. C., . . . 
Kim, E. S. (2013). Increased complication rates associated with Port-a-Cath placement 



 

 
422 

in pediatric patients: location matters. J Pediatr Surg, 48(6), 1263-1268. doi: 
10.1016/j.jpedsurg.2013.03.020 

Frasca, D., Dahyot-Fizelier, C., & Mimoz, O. (2010). Prevention of central venous catheter-
related infection in the intensive care unit. Crit Care, 14(2), 212. doi: 10.1186/cc8853 

Fratino, G., Avanzini, S., Molinari, A. C., Buffa, P., Castagnola, E., & Haupt, R. (2009). 
Incidence of indwelling central venous catheter-related complications using the Sri 
Paran technique for device fixation in children with cancer. Pediatr Surg Int, 25(7), 
591-594. doi: 10.1007/s00383-009-2400-4 

Fratino, G., Molinari, A. C., Parodi, S., Longo, S., Saracco, P., Castagnola, E., & Haupt, R. 
(2005). Central venous catheter-related complications in children with 
oncological/hematological diseases: an observational study of 418 devices. Ann Oncol, 
16(4), 648-654. doi: 10.1093/annonc/mdi111 

Freiberger, D., Bryant, J., & Marino, B. (1992). The effects of different central venous line 
dressing changes on bacterial growth in a pediatric oncology population. J Pediatr 
Oncol Nurs, 9(1), 3-7.  

Frey, A. M., & Schears, G. J. (2006). Why are we stuck on tape and suture? A review of 
catheter securement devices. J Infus Nurs, 29(1), 34-38.  

Frykholm, P., Pikwer, A., Hammarskjold, F., Larsson, A. T., Lindgren, S., Lindwall, R., . . . 
Akeson, J. (2014). Clinical guidelines on central venous catheterisation. Acta 
Anaesthesiol Scand. doi: 10.1111/aas.12295 

Funaki, B. (2008). Tunneled Central Venous Catheter Insertion. Semin Intervent Radiol, 25(4), 
432-436.  

Gaballah, M., Krishnamurthy, G., Keller, M. S., McIntosh, A., & Cahill, A. M. (2014). Single-
incision technique for placement of tunneled internal jugular vein vascular access in 
children. Pediatr Radiol. doi: 10.1007/s00247-014-2917-0 

Gapany, C., Tercier, S., Diezi, M., Clement, C., Lemay, K., & Joseph, J. M. (2011). Frequent 
accesses to totally implanted vascular ports in pediatric oncology patients are associated 
with higher infection rates. J Vasc Access, 12(3), 207-210. doi: 10.5301/jva.2011.6258 

Garcia-Teresa, M. A., Casado-Flores, J., Delgado Dominguez, M. A., Roqueta-Mas, J., Cambra-
Lasaosa, F., Concha-Torre, A., & Fernandez-Perez, C. (2007). Infectious complications 
of percutaneous central venous catheterization in pediatric patients: a Spanish 
multicenter study. Intensive Care Med, 33(3), 466-476. doi: 10.1007/s00134-006-0508-
8 

Garland, J., Alex, C., Harris, M., Mueller, C., Otten, D., Shivpuri, C., . . . Maki, D. (2001). A 
randomized trial comparing povidone-iodine to a chlorhexidine gluconate-impregnated 
dressing for prevention of central venous catheter infections in neonates. Pediatrics, 
1431-1436.  

George, J., Singh, S., & Deepshikha, J. (2011). A prospective randomized comparative study 
between transparent and occlusive dressings for central venous catheters. Indian 
Journal of Hematology and Blood Transfusion, 27(4), 286.  

Gibson, F., & Bodenham, A. (2013). Misplaced central venous catheters: applied anatomy and 
practical management. Br J Anaesth, 110(3), 333-346. doi: 10.1093/bja/aes497 

Giles, Y., Aksoy, M., & Tezelman, S. (2002). What really affects the incidence of central 
venous catheter-related infections for short-term catheterization? Acta Chir Belg, 
102(4), 256-258.  

Goddard, L., Clayton, S., Peto, T. E., & Bowler, I. C. (2006). The ‘just-in-case venflon’: effect 
of surveillance and feedback on prevalence of peripherally inserted intravascular 
devices. J Hosp Infect, 64(4), 401-402. doi: 10.1016/j.jhin.2006.08.003 

Goudie, A., Dynan, L., Brady, P. W., & Rettiganti, M. (2014). Attributable cost and length of 
stay for central line-associated bloodstream infections. Pediatrics, 133(6), e1525-1532. 
doi: 10.1542/peds.2013-3795 

Green, B. N., Johnson, C. D., & Adams, A. (2006). Writing narrative literature reviews for peer-
reviewed journals: secrets of the trade. J Chiropr Med, 5(3), 101-117. doi: 
10.1016/s0899-3467(07)60142-6 



 

 
423 

Griffiths, P., & Murrells, T. (2010). Reliability assessment and approaches to determining 
agreement between measurements: classic methods paper. Int J Nurs Stud, 47(8), 937-
938. doi: 10.1016/j.ijnurstu.2010.03.004 

Gu, Y., Yuan, J., Hu, J., & Gong, W. J. (2014). Transparent dressing versus iodine plus dressing 
and high-permeability dressing in pediatric central line maintenance: a randomize 
controlled study. Pediatric Critical Care Medicine.  

Haddad, H., Lee, K. S., Higgins, A., McMillan, D., Price, V., & El-Naggar, W. (2014). Routine 
surveillance ultrasound for the management of central venous catheters in neonates. J 
Pediatr, 164(1), 118-122. doi: 10.1016/j.jpeds.2013.08.048 

Hagerstrom, M., Matthiesen, K., & Thuessen, C. I. (1994). An improved dressing method for 
haemodialysis patients with permanent central venous catheters. Associazione 
Infermieristica per lo Studio delle Lesioni Cutanee.  

Hallgren, K. A. (2012). Computing Inter-Rater Reliability for Observational Data: An Overview 
and Tutorial. Tutor Quant Methods Psychol, 8(1), 23-34.  

Halton, K. A., Cook, D., Paterson, D. L., Safdar, N., & Graves, N. (2010). Cost-effectiveness of 
a central venous catheter care bundle. PLoS One, 5(9). doi: 
10.1371/journal.pone.0012815 

Han, Z., Liang, S., & Marschall, J. (2010). Current strategies for the prevention and 
management of central line-associated bloodstream infections. Infect Drug Resist, 
10(3), 147-163.  

Handrup, M. M., Moller, J. K., Frydenberg, M., & Schroder, H. (2010). Placing of tunneled 
central venous catheters prior to induction chemotherapy in children with acute 
lymphoblastic leukemia. Pediatr Blood Cancer, 55(2), 309-313. doi: 
10.1002/pbc.22530 

Harron, K., Ramachandra, G., Mok, Q., Gilbert, R., & on behalf of the CATCH team. (2011). 
Consistency between guidelines and reported practice for reducing the risk of catheter-
related infection in British paediatric intensive care units. Intensive Care Med, 37, 
1641-1647.  

Hatakeyama, N., Hori, T., Yamamoto, M., Mizue, N., Inazawa, N., Igarashi, K., . . . Suzuki, N. 
(2011). An evaluation of peripherally inserted central venous catheters for children with 
cancer requiring long-term venous access. Int J Hematol, 94(4), 372-377. doi: 
10.1007/s12185-011-0928-2 

Haumont, D., de Beauregard, V. G., Van Herreweghe, I., Delanghe, G., Ciardelli, R., & 
Haelterman, E. (2008). A new technique for transumbilical insertion of central venous 
silicone catheters in newborn infants. Acta Paediatr, 97(7), 988-990. doi: 
10.1111/j.1651-2227.2008.00786.x 

Hengartner, H., Berger, C., Nadal, D., Niggli, F. K., & Grotzer, M. A. (2004). Port-A-Cath 
infections in children with cancer. Eur J Cancer, 40(16), 2452-2458. doi: 
10.1016/j.ejca.2004.07.017 

Hertzog, M. (2008). Considerations in determining sample size for pilot studies. Res Nurs 
Health, 31, 180-191.  

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency 
in meta-analyses. BMJ, 327(7414), 557-560. doi: 10.1136/bmj.327.7414.557 

Higgins, J. P. T., Altman, D. G., Stern, J. A. C., & on behalf of the Cochrane Statistical 
Methods Group and the Cochrane Bias Methods Group. (2011). Chapter 8: Assessing 
risk of bias in included studies. In J. P. T. Higgins & S. Green (Eds.), Cochrane 
Handbook for Systematic Reviews of Interventions (Vol. Version 5.1.0 ): The Cochrane 
Collaboration.  

Higgins, J. P. T., & Green, S. (Eds.). (2011). Cochrane Hanbook for Systematic Reviews of 
Interventions Version 5.1.0 [updated March 2011]. Available from www. 
cochranehandbook.org: The Cochrane Collaboration. 

Hill, M. L., Baldwin, L., Slaughter, J. C., Walsh, W. F., & Weitkamp, J. H. (2010). A silver-
alginate-coated dressing to reduce peripherally inserted central catheter (PICC) 
infections in NICU patients: a pilot randomized controlled trial. J Perinatol, 30(7), 469-
473. doi: 10.1038/jp.2009.190 



 

 
424 

Ho, K., & Litton, E. (2006). Use of chlohexidine-impregnated dressing to prevent vascular and 
epidural catheter colonization and infection: a meta-analysis. J Antimicrob Chemother, 
58, 281-287.  

Hoang, V., Sills, J., Chandler, M., Busalani, E., Clifton-Koeppel, R., & Modanlou, H. D. 
(2008). Percutaneously inserted central catheter for total parenteral nutrition in 
neonates: complications rates related to upper versus lower extremity insertion. 
Pediatrics, 121(5), e1152-1159. doi: 10.1542/peds.2007-1962 

Hsu, J. F., Tsai, M. H., Huang, H. R., Lien, R., Chu, S. M., & Huang, C. B. (2010). Risk factors 
of catheter-related bloodstream infection with percutaneously inserted central venous 
catheters in very low birth weight infants: a center’s experience in Taiwan. Pediatr 
Neonatol, 51(6), 336-342. doi: 10.1016/s1875-9572(10)60065-4 

Hung, M. C., Chen, C. J., Wu, K. G., Hung, G. Y., Lin, Y. J., & Tang, R. B. (2009). 
Subcutaneously implanted central venous access device infection in pediatric patients 
with cancer. J Microbiol Immunol Infect, 42(2), 166-171.  

Hussain, S., Gomez, M. M., Wludyka, P., Chiu, T., & Rathore, M. H. (2007). Survival times 
and complications of catheters used for outpatient parenteral antibiotic therapy in 
children. Clin Pediatr, 46(3), 247-251. doi: 10.1177/0009922806290328 

Infusion Nurses Society. (2016). Infusion therapy standards of practice. J Infus Nurs, 39(1).  
Intravenous Nursing New Zealand. (2012). Provisional infusion therapy standards of practice. 

In C. O’Hara (Ed.). Auckland: Intravenous Nursing New Zealand. 
Intravenous Nursing New Zealand Inc (Producer). (2012, 01 September 2014). Infusion 

Therapy Standards of Practice. Retrieved from 
http://www.ivnnz.co.nz/files/file/7672/IVNNZ_Inc_Provisional_Infusion_Therapy_Sta
ndards_of_Practice_March_2012.pdf 

Ista, E., van der Hoven, B., Kornelisse, R. F., van der Starre, C., Vos, M. C., Boersma, E., & 
Helder, O. K. (2016). Effectiveness of insertion and maintenance bundles to prevent 
central-line-associated bloodstream infections in critically ill patients of all ages: a 
systematic review and meta-analysis. Lancet Infect Dis. doi: 10.1016/s1473-
3099(15)00409-0 

Ivers, N., Jamtvedt, G., Flottorp, S., Young, J. M., Odgaard-Jensen, J., French, S. D., . . . 
Oxman, A. D. (2012). Audit and feedback: effects on professional practice and 
healthcare outcomes. Cochrane Database Syst Rev, 6, Cd000259. doi: 
10.1002/14651858.CD000259.pub3 

Jain, A., Deshpande, P., & Shah, P. (2013). Peripherally inserted central catheter tip position 
and risk of associated complications in neonates. J Perinatol, 33(4), 307-312. doi: 
10.1038/jp.2012.112 

Journeycake, J. M., & Buchanan, G. R. (2006). Catheter-related deep venous thrombosis and 
other catheter complications in children with cancer. J Clin Oncol, 24(28), 4575-4580. 
doi: 10.1200/jco.2005.05.5343 

Julious, S. A. (2005). Sample size of 12 per group rule of thumb for a pilot study. 
Pharmaceutical Statistics, 4, 287-297. doi: DOI: 10.1002/pst.185 

Jumani, K., Advani, S., Reich, N. G., Gosey, L., & Milstone, A. M. (2013). Risk factors for 
peripherally inserted central venous catheter complications in children. JAMA Pediatr, 
167(5), 429-435. doi: 10.1001/jamapediatrics.2013.775 

Keene, D., Hennessey, I., & Rakoczy, G. (2009). Central venous line dressings: can you stick 
it? J Pediatr Surg, 44(2), 432-435. doi: 10.1016/j.jpedsurg.2008.10.103 

Keenlyside, D. (1991). Central venous catheters- a randomized comparative study of OpSite 
IV3000 and Tegaderm. In D. G. Maki (Ed.), Improving catheter site care (Vol. 47-50): 
Royal Society of Medicine Services Limited. 

Keenlyside, D. (1993). Avoiding an unnecessary outcome. A comparative trial between IV3000 
and a conventional film dressing to assess rates of catheter-related sepsis. Prof Nurse, 
8(5), 288-291.  

Keogh, S., Flynn, J., Marsh, N., Higgins, N., Davies, K., & Rickard, C. M. (2015). Nursing and 
midwifery practice for maintenance of vascular access device patency. A cross-



 

 
425 

sectional survey. Int J Nurs Stud, 52(11), 1678-1685. doi: 
10.1016/j.ijnurstu.2015.07.001 

Khattak, A. Z., Ross, R., Ngo, T., & Shoemaker, C. T. (2010). A randomized controlled 
evaluation of absorption of silver with the use of silver alginate (Algidex) patches in 
very low birth weight (VLBW) infants with central lines. J Perinatol, 30(5), 337-342. 
doi: 10.1038/jp.2009.169 

Kim, H., Jeong, C. H., Byon, H. J., Shin, H. K., Yun, T. J., Lee, J. H., . . . Kim, J. T. (2013). 
Predicting the optimal depth of left-sided central venous catheters in children. 
Anaesthesia, 68(10), 1033-1037. doi: 10.1111/anae.12371 

Kim, J. S., Holtom, P., & Vigen, C. (2011). Reduction of catheter-related bloodstream 
infections through the use of a central venous line bundle: epidemiologic and economic 
consequences. Am J Infect Control, 39(8), 640-646. doi: 10.1016/j.ajic.2010.11.005 

Kimberlin, C. L., & Winterstein, A. G. (2008). Validity and reliability of measurement 
instruments used in research. Am J Health Syst Pharm, 65(23), 2276-2284. doi: 
10.2146/ajhp070364 

Kleidon, T., Illing, A., Fogarty, G., Edwards, R., Tomlinson, J., & Ullman, A. J. (2015). 
Improving the central venous access devices maintenance process to reduce associated 
infections in paediatrics: evaluation of a practical, multi-faceted quality-improvement 
initiative. Healthcare Infection, 20(2), 46-53.  

Kornbau, C., Lee, K. C., Hughes, G. D., & Firstenberg, M. S. (2015). Central line 
complications. Int J Crit Illn Inj Sci, 5(3), 170-178. doi: 10.4103/2229-5151.164940 

Krishnaiah, A., Soothill, J., Wade, A., Mok, Q. Q., & Ramnarayan, P. (2012). Central venous 
catheter-associated bloodstream infections in a pediatric intensive care unit: effect of 
the location of catheter insertion. Pediatr Crit Care Med, 13(3), e176-180. doi: 
10.1097/PCC.0b013e3182389548 

Kutzscher, L. (2012). Management of irritant contact dermatitis and peripherally inserted central 
catheters. Clin J Oncol Nurs, 16(2), E48-55. doi: 10.1188/12.cjon.e48-e55 

Labeau, S., Vandijck, D., Rello, J., Adam, S., Rosa, A., Wenisch, C., . . . for the EVIDENCE 
study investigators. (2009). Centers for Disease Control and Prevention guidelines for 
preventing central venous catheter-related infection: Results of a knowledge test among 
3405 European intensive care nurses. Crit Care Med, 37(1), 320-323.  

Labeau, S., Vereecke, A., Vandijck, D., Claes, B., & Blot, S. (2008). Critical care nurses’ 
knowledge of evidence based guidelines for preventing infections associated with 
central venous catheters: An evaluation questionnaire. Am J Crit Care, 17(1), 65-71.  

Lancaster, G. A., Dodd, S., & Williamson, P. R. (2004). Design and analysis of pilot studies: 
recommendations for good practice. J Eval clin Pract, 10(2), 307-312.  

Landis, J. R., & Koch, G. G. (1977). The measurement of observer agreement for categorical 
data. Biometrics, 33(1), 159-174.  

Laura, R., Degl’Innocenti, M., Mocali, M., Alberani, F., Boschi, S., Giraudi, A., . . . Peron, G. 
(2000). Comparison of two different time interval protocols for central venous catheter 
dressing in bone marrow transplant patients: results of a randomized, multicenter study. 
The Italian Nurse Bone Marrow Transplant Group (GITMO). Haematologica, 85(3), 
275-279.  

Lawrence, J. A., Seiler, S., Wilson, B., & Harwood, L. (2014). Shower and no-dressing 
technique for tunneled central venous hemodialysis catheters: a quality improvement 
initiative. Nephrol Nurs J, 41(1), 67-72; quiz 73.  

Lawson, M., Kavanagh, T., Mccredie, K., Marts, K., Barbour, N., & Chandler, W. (1986). 
Comparison of transparent dressing to paper tape dressing over central venous catheter 
sites. NITA: National Intravenous Therapy Association, 9(1), 40-43.  

Le Corre, I., Delorme, M., & Cournoyer, S. (2003). A prospective, randomized trial comparing 
a transparent dressing and a dry gauze on the exit site of long term central venous 
catheters of hemodialysis patients. J Vasc Access, 4(2), 56-61.  

LeBlanc, K., & Baranoski, S. (2011). Skin tears: state of the science: consensus statements for 
the prevention, prediction, assessment, and treatment of skin tears(c). Adv Skin Wound 
Care, 24(9 Suppl), 2-15. doi: 10.1097/01.asw.0000405316.99011.95 



 

 
426 

Lefebvre, C., Manheimer, E., & Glanville, F. (2011). Chapter 6: Searching for studies. In J. P. 
T. Higgins & S. Green (Eds.), Cochrane Handbook for Systematic Reviews of 
Interventions Version 5.1.0: The Cochrane Collaboration. 

Leon, A. C., Davis, L. L., & Kraemer, H. C. (2011). The role and interpretation of pilot studies 
in clinical research. J Psychiatr Res, 45(5), 626-629.  

Levy, I., Bendet, M., Samra, Z., Shalit, I., & Katz, J. (2010). Infectious complications of 
peripherally inserted central venous catheters in children. Pediatr Infect Dis J, 29(5), 
426-429. doi: 10.1097/INF.0b013e3181c94d9e 

Levy, I., Katz, J., Solter, E., Samra, Z., Vidne, B., Birk, E., . . . Dagan, O. (2005). 
Chlorhexidine-impregnated dressing for prevention of colonization of central venous 
catheters in infants and children: a randomized controlled study. Pediatr Infect Dis J, 
4(8), 676-679.  

Liberati, A., Alteman, D. G., Tetzlaff, J., Murow, C., Gotzsche, P. C., Ionnidis, J. P., & 2009;6. 
(2009). The PRISMA statement for reporting systematic reviews and meta-analyses of 
studies that evaluate health care interventions: explanation and elaboration. PLoS 
Medicine, 6, e1,00001,000.  

Liddy, C., Wiens, M., & Hogg, W. (2011). Methods to achieve high interrater reliability in data 
collection from primary care medical records. Ann Fam Med, 9(1), 57-62. doi: 
10.1370/afm.1195 

Lin, Y. S., Chen, J., Li, Q., & Pan, K. P. (2009). Moisture vapor transmission rates of various 
transparent dressings at different temperatures and humidities. Chin Med J, 122(8), 927-
930.  

Little, K., & Palmer, D. (1998). Central line exit sites: which dressing? Nurs Stand, 12(48), 42-
44. doi: 10.7748/ns1998.08.12.48.42.c2521 

Lopez-Briz, E., Ruiz Garcia, V., Cabello, J. B., Bort-Marti, S., Carbonell Sanchis, R., & Burls, 
A. (2014). Heparin versus 0.9% sodium chloride intermittent flushing for prevention of 
occlusion in central venous catheters in adults. Cochrane Database Syst Rev, 10, 
Cd008462. doi: 10.1002/14651858.CD008462.pub2 

Lopez, P. J., Troncoso, B., Grandy, J., Reed, F., Ovalle, A., Celis, S., . . . Zubieta, R. (2014). 
Outcome of tunnelled central venous catheters used for haemodialysis in children 
weighing less than 15 kg. J Pediatr Surg, 49(8), 1300-1303. doi: 
10.1016/j.jpedsurg.2014.02.043 

Lorente, L., Huidobro, M. S., Martin, M. M., Jimenez, A., & Mora, M. L. (2004). Accidental 
catheter removal in critically ill patients: a prospective and observational study. Crit 
Care, 8(4), R229-233. doi: 10.1186/cc2874 

Loveday, H. P., Wilson, J. A., Pratt, R. J., Golsorkhi, M., Tingle, A., Bak, A., . . . Wilcox, M. 
(2014 ). epic3:National Evidence-based guidelines for preventing healthcare-associated 
infections. J Hosp Infect, 86 (S1), S1-70.  

Lucas, H., & Attard-Montalto, S. (1996). Central line dressings: study of infection rates. 
Paediatr Nurs, 8(6), 21-23.  

Lynn, M. R. (1986). Determination and quantification of content validity. Nurs Res, 35(6), 382-
385.  

Madeo, M., Martin, C. R., Turner, C., Kirkby, V., & Thompson, D. R. (1998). A randomized 
trial comparing Arglaes (a transparent dressing containing silver ions) to Tegaderm (a 
transparent polyurethane dressing) for dressing peripheral arterial catheters and central 
vascular catheters. Intensive Crit Care Nurs, 14(4), 187-191.  

Maki, D., Kluger, D. M., & Crnich, C. J. (2006). The risk of bloodstream infection in adults 
with different intravascular devices: a systematic review of 200 published prospective 
studies. Mayo Clin Proc, 81(9), 1159-1171. doi: 10.4065/81.9.1159 

Maki, D., & Wili, L. (1984). Colonisation and infection associated with transparent dressings 
for central venous arterial and hickman catheters: a comparative trial. Paper presented 
at the Program and Abstracts of the 24th Interscience Conference on Antimicrobial 
Agents and Chemotherapy, Washington, D.C. 

Maki, D. G., Mermel, L. A., Kluger, D., Narans, L., Knasinski, V., & S., P. (2000). The efficacy 
of a chlorhexidine-impregnated sponge (biopatch) for the prevention of intravascular 



 

 
427 

catheter-related infection - a prospective, randomized, controlled, multicenter study. 
Paper presented at the Abstracts of the 40th Interscience Conference on Antimicrobial 
Agents and Chemotherapy. 

Maki, D. G., Weise, C. E., & Sarafin, H. W. (1977). A semiquantitative culture method for 
identifying intravenous-catheter-related infection. N Engl J Med, 296(23), 1305–1309.  

Malbezin, S., Gauss, T., Smith, I., Bruneau, B., Mangalsuren, N., Diallo, T., . . . Brasher, C. 
(2013). A review of 5434 percutaneous pediatric central venous catheters inserted by 
anesthesiologists. Paediatr Anaesth, 23(11), 974-979. doi: 10.1111/pan.12184 

Mangum, D. S., Verma, A., Weng, C., Sheng, X., Larsen, R., Kirchhoff, A. C., . . . Fluchel, M. 
(2013). A comparison of central lines in pediatric oncology patients: Early removal and 
patient centered outcomes. Pediatr Blood Cancer, 60(11), 1890-1895. doi: 
10.1002/pbc.24687 

Marschall, J., Mermel, L. A., Fakih, M., Hadaway, L., Kallen, A., O’Grady, N. P., . . . 
Maragakis, L. L. (2014). Strategies to prevent central line-associated bloodstream 
infections in acute care hospitals: 2014 update. Infect Control Hosp Epidemiol, 35(S2), 
S89-S107.  

Marsh, N., Webster, J., Chan, R. J., Mihala, G., & Rickard, C. (2015). Securement methods for 
peripheral venous catheters: A randomised controlled pilot trial. J Vasc Access, 16(3), 
237-244.  

Marshall, J. C., & Cook, D. J. (2009). Investigator-led clinical research consortia: the Canadian 
Critical Care Trials Group. Crit Care Med, 37(1 Suppl), S165-172. doi: 
10.1097/CCM.0b013e3181921079 

Matsuzaki, A., Suminoe, A., Koga, Y., Hatano, M., Hattori, S., & Hara, T. (2006). Long-term 
use of peripherally inserted central venous catheters for cancer chemotherapy in 
children. Support Care Cancer, 14(2), 153-160. doi: 10.1007/s00520-005-0848-x 

McGee, D. C., & Gould, M. K. (2003). Preventing complications of central venous 
catheterization. N Engl J Med, 348(12), 1123-1133. doi: 10.1056/NEJMra011883 

McLean, T. W., Fisher, C. J., Snively, B. M., & Chauvenet, A. R. (2005). Central venous lines 
in children with lesser risk acute lymphoblastic leukemia: optimal type and timing of 
placement. J Clin Oncol, 23(13), 3024-3029. doi: 10.1200/jco.2005.12.097 

McNichol, L., Lund, C., Rosen, T., & Gray, M. (2013). Medical adhesives and patient safety: 
state of the science: consensus statements for the assessment, prevention, and treatment 
of adhesive-related skin injuries. Orthop Nurs, 32(5), 267-281. doi: 
10.1097/NOR.0b013e3182a39caf 

Mermel, Allon, M., Bouza, E., Craven, D. E., Flynn, P., O’Grady, N., . . . Warren, D. K. (2009). 
Clinical practice guidelines for the diagnosis and management of intravascular catheter-
related infection: 2009 update by the Infectious Diseases Society of America. Clin 
Infect Dis, 49, 1-45.  

Mermel, L. A. (2011). What is the predominant source of intravascular catheter infections? Clin 
Infect Dis, 52, 211-212.  

Miller, M. R., Niedner, M. F., Huskins, W. C., Colantuoni, E., Yenokyan, G., Moss, M., . . . 
Related Institutions Pediatric Intensive Care Unit Central Line–Associated Bloodstream 
Infection Quality Transformation Teams. (2011). Reducing PICU Central Line–
Associated Bloodstream Infections: 3-Year Results. Pediatrics, 128(5), e1077-e1083. 
doi: 10.1542/peds.2010-3675 

Milstone, A. M., Reich, N. G., Advani, S., Yuan, G., Bryant, K., Coffin, S. E., . . . Song, X. 
(2013). Catheter dwell time and CLABSIs in neonates with PICCs: a multicenter cohort 
study. Pediatrics, 132(6), e1609-1615. doi: 10.1542/peds.2013-1645 

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2010). Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. Int J Surg, 8(5), 336-
341. doi: 10.1016/j.ijsu.2010.02.007 

Moran, J. E., & Ash, S. R. (2008). Locking solutions for hemodialysis catheters; heparin and 
citrate--a position paper by ASDIN. Semin Dial, 21(5), 490-492. doi: 10.1111/j.1525-
139X.2008.00466.x 



 

 
428 

Moureau, N. L., Trick, N., Nifong, T., Perry, C., Kelley, C., Carrico, R., . . . Phelan, D. A. 
(2012). Vessel health and preservation (Part 1): a new evidence-based approach to 
vascular access selection and management. J Vasc Access, 13(3), 351-356. doi: 
10.5301/jva.5000042 

Naimer, S. A., & Temira, F. (2004). Evaluation of techniques for intravenous catheter and 
tubing fixation. Military Medicine, 169(1), 79-81.  

Nam, S. H., Kim, D. Y., Kim, S. C., & Kim, I. K. (2010). Complications and risk factors of 
infection in pediatric hemato-oncology patients with totally implantable access ports 
(TIAPs). Pediatr Blood Cancer, 54(4), 546-551. doi: 10.1002/pbc.22286 

National Health and Medical Research Council, the Australian Research Council, & the 
Australian Vice-Chancellors’ Committee. (2013). National statement on ethical conduct 
in human research. Canberra. 

National Health and Medical Research Council in partnership with the Australian Commission 
on Safety and Quality in Healthcare. (2010). Australian Guidelines for the Prevention 
and Control of Infection in Healthcare. Consultation Draft. (pp. 1-210). Canberra: 
Department of Health and Aging. 

Neufeld, M. (1991). A randomized control trial of the effectiveness of opsite wound versus 
IV3000 in maintaining an occlusive central line dressing Thesis for Master in Health 
Sciences: The School of Graduate Studies, McMaster University. 

New, K. A., Webster, J., Marsh, N. M., & Hewer, B. (2014). Intravascular device use, 
management, documentation and complications: a point prevalence survey. Aust Health 
Rev, 38(3), 345-349. doi: 10.1071/ah13111 

Nikoletti, S., Leslie, G., Gandossi, S., Coombs, G., & Wilson, R. (1999). A prospective, 
randomized, controlled trial comparing transparent polyurethane and hydrocolloid 
dressings for central venous catheters. Am J Infect Control, 27(6), 488-496.  

Njere, I., Islam, S., Parish, D., Kuna, J., & Keshtgar, A. S. (2011). Outcome of peripherally 
inserted central venous catheters in surgical and medical neonates. J Pediatr Surg, 
46(5), 946-950. doi: 10.1016/j.jpedsurg.2011.02.037 

Nyaga, V. N., Abryn, M., & Aerts, M. (2014). Metaprop: a Stata command to perform meta-
analysis of binomial data. Arch Public Health, 72, 39.  

O’Grady, N. P., Alexander, M., Burns, L. A., Dellinger, E. P., Garland, J., O’Heard, S., . . . 
Healthcare Infection Control Practices Advisory Committee (HICPAC). (2011). 
Guidelines for the Prevention of Intravascular Catheter-Related Infections. Clin Infect 
Dis, 52(9), e162-193.  

O’Grady, N. P., Alexander, M., Dellinger, E. P., Gerberding, J. L., Heard, S. O., Maki, D. G., . . 
. Weinstein, R. A. (2002). Guidelines for the prevention of intravascular catheter-related 
infections. MMWR Morbidity and Mortality Weekly Report, 51(RR-10), 1-29.  

Olson, Rennie, R. P., Hanson, J., Ryan, M., Gilpin, J., Falsetti, M., . . . Gaudet, S. (2004). 
Evaluation of a no-dressing intervention for tunneled central venous catheter exit sites. 
J Infus Nurs, 27(1), 37-44.  

Olson, C., Heilman, J., & Vascular Access Team of Abbott Northwestern Hospital. (2008). 
Clinical performance of a new transparent Chlorhexidine Gluconate central venous 
catheter dressing. J Assoc for Vasc Access, 13(1), 13-16.  

Orgel, E., Ji, L., Pastor, W., & Schore, R. J. (2013). Infectious Morbidity by Catheter Type in 
Neutropenic Children with Cancer. Pediatr Infect Dis J. doi: 
10.1097/inf.0000000000000060 

Ozkiraz, S., Gokmen, Z., Anuk Ince, D., Baris Akcan, A., Kilicdag, H., Ozel, D., & Ecevit, A. 
(2013). Peripherally inserted central venous catheters in critically ill premature 
neonates. J Vasc Access, 14(4), 320-324. doi: 10.5301/jva.5000157 

Pedrolo, E., Danski, M., Mingorance, P., De Lazzari, L., & Johann, D. (2011). Clinical 
controlled trial on central venous catheter dressings. Acta Paul Enferm, 24(2), 278-283.  

Pedrolo, E., Danski, M. T., & Vayego, S. A. (2014). Chlorhexidine and gauze and tape 
dressings for central venous catheters: a randomized clinical trial. Rev Lat Am 
Enfermagem, 22(5), 764-771.  



 

 
429 

Peng, C., Monagle, P., & Newall, F. (2011). Clinical outcomes of management of CVAD 
occlusions. Arch Dis Child, 96(9), 885-887. doi: 10.1136/adc.2010.194969 

Perdikaris, P., Petsios, K., Vasilatou-Kosmidis, H., & Matziou, V. (2008). Complications of 
Hickman-Broviac catheters in children with malignancies. Pediatr Hematol Oncol, 
25(5), 375-384. doi: 10.1080/08880010802106622 

Petrosino, B., Becker, H., & Christian, B. (1988). Infection rates in central venous catheter 
dressings. Oncol Nurs Forum, 15(6), 709-717.  

Peynircioglu, B., Ozkan, F., Canyigit, M., Pamuk, G. A., Geyik, S., Cil, B. E., & Balkanci, F. 
(2007). Radiologically placed tunneled internal jugular catheters in the management of 
chronic hemodialysis and long-term infusion therapies in the pediatric population. J 
Vasc Interv Radiol, 18(7), 875-881. doi: 10.1016/j.jvir.2007.04.016 

Pfaff, B., Heithaus, T., & Emanuelsen, M. (2012). Use of a 1-piece chlorhexidine gluconate 
transparent dressing on critically ill patients. Crit Care Nurse, 32(4), 35-40. doi: 
10.4037/ccn2012956 

Pinon, M., Bezzio, S., Tovo, P. A., Fagioli, F., Farinasso, L., Calabrese, R., . . . Giacchino, M. 
(2009). A prospective 7-year survey on central venous catheter-related complications at 
a single pediatric hospital. Eur J Pediatr, 168(12), 1505-1512. doi: 10.1007/s00431-
009-0968-2 

Piper, H. G., de Silva, N. T., Amaral, J. G., Avitzur, Y., & Wales, P. W. (2013). Peripherally 
inserted central catheters for long-term parenteral nutrition in infants with intestinal 
failure. J Pediatr Gastroenterol Nutr, 56(5), 578-581. doi: 
10.1097/MPG.0b013e3182801e7b 

Pittiruti, M., Hamilton, H., Biffi, R., MacFie, J., & Pertkiewicz, M. (2009). ESPEN Guidelines 
on Parenteral Nutrition: central venous catheters (access, care, diagnosis and therapy of 
complications). Clin Nutr, 28(4), 365-377. doi: 10.1016/j.clnu.2009.03.015 

Polit, D. F., Beck, C. T., & Owen, S. V. (2007). Is the CVI an acceptable indicator of content 
validity? Appraisal and recommendations. Res Nurs Health, 30(4), 459-467. doi: 
10.1002/nur.20199 

Polkinghorne, K. R., Chin, G. K., MacGinley, R. J., Owen, A. R., Russell, C., Talaulikar, G. S., 
. . . Lopez-Vargas, P. A. (2013). KHA-CARI Guideline: vascular access - central 
venous catheters, arteriovenous fistulae and arteriovenous grafts. Nephrology, 18(11), 
701-705. doi: 10.1111/nep.12132 

Powell, C., Regan, C., Fabri, P. J., & Ruberg, R. L. (1982). Evaluation of Opsite catheter 
dressings for parenteral nutrition: a prospective, randomized study. JPEN J Parenter 
Enteral Nutr, 6(1), 43-46.  

Powell, C. R., Traetow, M. J., Fabri, P. J., Kudsk, K. A., & Ruberg, R. L. (1985). Op-site 
dressing study: A prospective randomised study evaluating povidine iodine ointment 
and extension set changes with 7-day Op-site dressings applied to total parenteral 
nutrition subclavian sites. JPEN J Parenter Enteral Nutr, 9(3), 443-446.  

Prieto-Merino, D., Smeeth, L., Staa, T. P., & Roberts, I. (2013). Dangers of non-specific 
composite outcome measures in clinical trials. BMJ, 347, f6782. doi: 
10.1136/bmj.f6782 

Pronovost, P., Goeschel, C., Colantuoni, E., & al, e. (2010). Sustaining reductions in catheter 
related bloodstream infections in Michigan intensive care units: Observational study. 
BMJ, 340, c309.  

Pronovost, P., Needham, D., Berenholtz, S., Sinopoli, D., Chu, H., Cosgrove, S., . . . Goeschel, 
C. (2006). An intervention to decrease catheter-related bloodstream infections in the 
ICU. N Engl J Med, 355(26), 2725-2732. doi: 10.1056/NEJMoa061115 [doi] 

Raad, I., Hanna, H., & Maki, D. (2007). Intravascular catheter-related infections: advances in 
diagnosis, prevention, and management. Lancet, 7, 645-657.  

Raj, A., Bertolone, S., Bond, S., Burnett, D., & Denker, A. (2005). Cathlink 20: a subcutaneous 
implanted central venous access device used in children with sickle cell disease on 
long-term erythrocytapheresis--a report of low complication rates. Pediatr Blood 
Cancer, 44(7), 669-672. doi: 10.1002/pbc.20252 



 

 
430 

Rattray, J., & Jones, M. C. (2007). Essential elements of questionnaire design and development. 
J Clin Nurs, 16(2), 234-243. doi: 10.1111/j.1365-2702.2006.01573.x 

Reeves, B. C., Deeks, J. J., Higgins, J. P. T., & Wells, G. A. (2011). Chapter 13: Including non-
randomized studies. In: Higgins JPT, Green S (editors). Cochrane Handbook for 
Systematic Reviews of Interventions Version 5.1.0 [updated March 2011]. The 
Cochrane Collaboration, 2011. Available from www.cochrane-handbook.org.  

Reichman, D., & Greenberg, J. (2009). Reducing surgical site infections: a review. Reviews in 
Obstetrics and Gynecology, 2(4), 212-221.  

Revel-Vilk, S., Yacobovich, J., Tamary, H., Goldstein, G., Nemet, S., Weintraub, M., . . . Kenet, 
G. (2010). Risk factors for central venous catheter thrombotic complications in children 
and adolescents with cancer. Cancer, 116(17), 4197-4205. doi: 10.1002/cncr.25199 

Rey, C., Alvarez, F., De La Rua, V., Medina, A., Concha, A., Diaz, J. J., . . . Mayordomo-
Colunga, J. (2009). Mechanical complications during central venous cannulations in 
pediatric patients. Intensive Care Med, 35(8), 1438-1443. doi: 10.1007/s00134-009-
1534-0 

Reyes, J., Habash, M., & Taylor, R. (2012). Femoral venous catheters are not associated with 
higher rates of infection in the pediatric critical care population. Am J Infect Control, 
40, 43-47.  

Reynolds, M. G., Tebbs, S. E., & Elliott, T. S. J. (1997). Do dressings with increased 
permeability reduce the incidence of central venous catheter related sepsis? Intensive 
Crit Care Nurs, 13(1), 26-29. doi: http://dx.doi.org/10.1016/S0964-3397(97)80688-X 

Rickard, C., M., Courtney, M., & Webster, J. (2004). Central venous catheters: a survey of ICU 
practices. J Adv Nurs, 48(3), 247-256.  

Rickard, C. M., Edwards, M., Spooner, A. J., Mihala, G., Marsh, N., Best, J., . . . Fraser, J. F. 
(2016). A 4-arm randomized controlled pilot trial of innovative solutions for jugular 
central venous access device securement in 221 cardiac surgical patients. Journal of 
Critical Care, 36, 35-42. doi:http://dx.doi.org/10.1016/j.jcrc.2016.06.006 

Rickard, C. M., Marsh, N. M., Webster, J., Gavin, N. C., McGrail, M. R., Larsen, E., . . . 
Playford, E. G. (2015). Intravascular device administration sets: replacement after 
standard versus prolonged use in hospitalised patients-a study protocol for a randomised 
controlled trial (The RSVP Trial). BMJ Open, 5(2), e007257. doi: 10.1136/bmjopen-
2014-007257 

Rickard, C. M., Marsh, N., Webster, J., Playford, E. G., McGrail, M. R., Larsen, E., . . . Fraser, 
J. F. (2015). Securing All intraVenous devices Effectively in hospitalised patients--the 
SAVE trial: study protocol for a multicentre randomised controlled trial. BMJ Open, 
5(9), e008689. doi:10.1136/bmjopen-2015-008689 

Rickard, C. M., Webster, J., Wallis, M. C., Marsh, N., McGrail, M. R., & French, V. (2012). 
Routine versus clinically indicated replacement of peripheral intravenous catheters: a 
randomised controlled equivalence trial. Lancet, 380(9847), 1066-1074.  

Roberts, B., & Cheung, D. (1998). Biopatch - a new concept in antimicrobial dressings for 
invasive devices. Aust Crit Care, 11(1), 16-19.  

Robinson, J. L., Casey, L. M., Huynh, H. Q., & Spady, D. W. (2013). Prospective cohort study 
of the outcome of and risk factors for intravascular catheter-related bloodstream 
infections in children with intestinal failure. J Parenter Enteral Nutr. doi: 
10.1177/0148607113517716 

Ross, T. (2012). A survival guide for health research methods. Berkshire, England: Open 
University Press. 

Rothwell, P. M. (2006). Factors that can affect the external validity of randomised controlled 
trials. PLoS Clin Trials, 1(1), e9. doi: 10.1371/journal.pctr.001,0009 

Rouzrokh, M., Shamsian, B. S., KhaleghNejad Tabari, A., Mahmoodi, M., Kouranlo, J., 
Manafzadeh, G., . . . Abdollah Gorji, F. (2009). Totally implantable subpectoral vs. 
subcutaneous port systems in children with malignant diseases. Arch Iran Med, 12(4), 
389-394.  



 

 
431 

Ruebner, R., Keren, R., Coffin, S., Chu, J., Horn, D., & Zaoutis, T. E. (2006). Complications of 
central venous catheters used for the treatment of acute hematogenous osteomyelitis. 
Pediatrics, 117(4), 1210-1215. doi: 10.1542/peds.2005-1465 

Ruggiero, A., Barone, G., Margani, G., Nanni, L., Pittiruti, M., & Riccardi, R. (2010). Groshong 
catheter-related complications in children with cancer. Pediatr Blood Cancer, 54(7), 
947-951. doi: 10.1002/pbc.22416 

Ruschulte, H., Franke, M., Gastmeier, P., Zenz, S., Mahr, K., Bucholz, S., . . . Piepenbrock, S. 
(2009). Prevention of central venous catheter related infections with chlorhexidine 
gluconate impregnated wound dressings: a randomized controlled trial. Ann Hematol, 
88, 267-272.  

Russell, E., Chan, R. J., Marsh, N., & New, K. (2013). A point prevalence study of cancer 
nursing practices for managing intravascular devices in an Australian tertiary cancer 
center. Eur J Oncol Nurs. doi: 10.1016/j.ejon.2013.11.010 

Safdar, N., O’Horo, J. C., Ghufran, A., Bearden, A., Didier, M. E., Chateau, D., & Maki, D. G. 
(2014). Chlorhexidine-Impregnated Dressing for Prevention of Catheter-Related 
Bloodstream Infection: A Meta-Analysis. Crit Care Med. doi: 
10.1097/ccm.0000000000000319 

Sagana, R., & Hyzy, R. C. (2013). Achieving zero central line-associated bloodstream infection 
rates in your intensive care unit. Crit Care Clin, 29(1), 1-9. doi: 
10.1016/j.ccc.2012.10.003 

Saijo, F., Mutoh, M., Kurihara, M., Yamada, K. A., Takahashi, K., Sawada, K., & Tokymura, 
H. (2014). Effect of the sutureless stabilization device, SorbaView SHIELD, on the 
peripherally inserted central catheter. Japanese Journal of Surgical Metabolism and 
Nutrition, 48(4), 107-113.  

Salanti, G., Higgins, J., Ades, A. E., & Ioannidis, J. P. (2008). Evaluation of networks of 
randomized trials. Stat Methods Med Res, 17(3), 279-301.  

Schiffer, C. A., Mangu, P. B., Wade, J. C., Camp-Sorrell, D., Cope, D. G., El-Rayes, B. F., . . . 
Levine, M. (2013). Central venous catheter care for the patient with cancer: American 
Society of Clinical Oncology clinical practice guideline. J Clin Oncol, 31(10), 1357-
1370. doi: 10.1200/jco.2012.45.5733 

Schulz, K. F., Altman, D. F., Moher, D., & CONSORT Group. (2011). CONSORT 2010 
statement: updated guidelines for reporting parallel group randomised trials. Int J Surg, 
9(8), 672-677.  

Schulz, K. F., Altman, D. G., & Moher, D. (2010). CONSORT 2010 statement: updated 
guidelines for reporting parallel group randomized trials. Ann Intern Med, 152(11), 726-
732. doi: 10.7326/0003-4819-152-11-201006010-00232 

Schunemann, H. J., Oxman, A. D., Vist, G. E., Higgins, J. P. T., Deeks, J. J., & P., G. (2011). 
Chapter 12: Interpreting results and drawing conclusions. In J. P. T. Higgins & S. Green 
(Eds.), Cochrane Hanbook for Systematic Reviews of Interventions Version 5.1.0 
[updated March 2011]. The Cochrane Collaboration. Available from www. 
cochranehandbook.org. 

Schwebel, C., Lucet, J. C., Vesin, A., Arrault, X., Calvino-Gunther, S., Bouadma, L., & Timsit, 
J. F. (2012). Economic evaluation of chlorhexidine-impregnated sponges for preventing 
catheter-related infections in critically ill adults in the dressing study. Crit Care Med, 
40(1), 11-17.  

Scottish Intercollegiate Guidelines Network (SIGN). (2012). Search filters. Retrieved (accessed 
19 November 2012). 

Sengupta, A., Lehmann, C., Diener-West, M., Perl, T. M., & Milstone, A. M. (2010). Catheter 
duration and risk of CLA-BSI in neonates with PICCs. Pediatrics, 125(4), 648-653. doi: 
10.1542/peds.2009-2559 

Sharp, N. E., Knott, E. M., Thomas, P., Rivard, D. C., & St Peter, S. D. (2014). Burden of 
complications from needle penetration of plastic ports in children. J Pediatr Surg, 
49(5), 763-765. doi: 10.1016/j.jpedsurg.2014.02.061 

Shen, G., Gao, Y., Wang, Y., Mao, B., & Wang, X. (2009). Survey of the long-term use of 
peripherally inserted central venous catheters in children with cancer: experience in a 



 

 
432 

developing country. J Pediatr Hematol Oncol, 31(7), 489-492. doi: 
10.1097/MPH.0b013e318190d740 

Shivnan, J. C., McGuire, D., Freedman, S., Sharkazy, E., Bosserman, G., Larson, E., & 
Grouleff, P. (1991). A comparison of transparent adherant and dry sterile guaze 
dressings for long-term central catheters in patients undergoing bone marrow transplant. 
Oncol Nurs Forum, 18(8), 1349-1356.  

Silveira, R. C., Braga, F. T., Garbin, L. M., & Galvao, C. M. (2010). The use of polyurethane 
transparent film in indwelling central venous catheter. Rev Lat Am Enfermagem, 18(6), 
1212-1220.  

Simonova, G., Rickard, C. M., Dunster, K. R., Smyth, D. J., McMillan, D., & Fraser, J. F. 
(2012). Cyanoacrylate tissue adhesives - effective securement technique for 
intravascular catheters: in vitro testing of safety and feasibility. Anaesth Intensive Care, 
40(3), 460-466.  

Singer, A. J., & Thode, H. C. J. (2004). A review of the literature on octylcyanoacrylate tissue 
adhesive. Am J Surg, 187(2), 238-248.  

Smitherman, A. B., & Weston, B. W. (2014). Catheter-associated thrombosis in children: 
single-institution experience and review of pediatric venous thromboembolic disease. J 
Infus Nurs, 37(2), 103-107. doi: 10.1097/nan.0000000000000025 

Soufir, L., Timsit, J. F., Mahe, C., Carlet, J., Regnier, B., & Chevret, S. (1999). Attributable 
morbidity and mortality of catheter-related septicemia in critically ill patients: a 
matched, risk-adjusted, cohort study. Infect Control Hosp Epidemiol, 20(6), 396-401. 
doi: 10.1086/501639 

StataCorp. (2014). Stata Statistical Software: Release 12.1. College Station, TX: StataCorp LP.  
Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I., Williamson, G. D., Rennie, D., . . . Thacker, 

S. B. (2000). Meta-analysis of observational studies in epidemiology: a proposal for 
reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. 
JAMA, 283(15), 2008-2012.  

Teichgräber, U. K., de Bucourt, M., Gebauer, B., Streitparth, F., Hamm, B., & Enzweiler, C. 
(2011). Effectiveness of sutureless percutaneous placement of cuffed tunneled 
hemodialysis catheters applying StatLock attachment devices. J Vasc Access, 12(1), 17-
20.  

Tercier, S., Gapany, C., Diezi, M., Clement, C., Lemay, K., & Joseph, J. M. (2008). Incidents 
and complications of totally implanted vascular access devices in children: a 
prospective study. Patient Saf Surg, 2(1), 30. doi: 10.1186/1754-9493-2-30 

Thabane, L., Ma, J., Chu, R., Cheng, J., Ismaila, A., Rios, L. P., . . . Goldsmith, C. H. (2010).  A 
tutorial on pilot studies: the what, why and how. BMC Medical Research Methodology, 
10(1), 1.  

Thayer, D. (2012). Skin damage associated with intravenous therapy: common problems and 
strategies for prevention. J Infus Nurs, 35(6), 390-401. doi: 
10.1097/NAN.0b013e318270a91e 

Thornburg, C. D., Smith, P. B., Smithwick, M. L., Cotten, C. M., & Benjamin, D. K., Jr. (2008). 
Association between thrombosis and bloodstream infection in neonates with 
peripherally inserted catheters. Thromb Res, 122(6), 782-785. doi: 
10.1016/j.thromres.2007.10.001 

Timsit, J., Schwebel, C., Bouadma, L., & al., e. (2009). Chlorhexidine-impregnated sponges and 
less frequent dressing changes for prevention of catheter related sepsis in critically ill 
adults: A randomized controlled trial. JAMA, 301(12), 1231-1241.  

Timsit, J., Schwebel, C., Vegin, A., Bouadma, L., Geffroy, A., & Garrouste-Orgeas, M. (2010). 
Cost-benefit of a chlorhexidine impregnated sponges for prevention of catheter-related 
infections in adult ICU patients. Paper presented at the 23rd ESICM Annual Congress. 

Timsit, J. F., Bouadma, L., Ruckly, S., Schwebel, C., Garrouste-Orgeas, M., Bronchard, R., . . . 
Lucet, J. C. (2012a). Dressing disruption is a major risk factor for catheter-related 
infections. Crit Care Med, 40(6), 1707-1714. doi: 10.1097/CCM.0b013e31824e0d46 



 

 
433 

Timsit, J. F., Duboid, Y., Minet, C., Bonadona, A., Lugosi, M., & Ara-Somohano, C. (2011). 
New materials and devices for preventing catheter-related infections. Ann Intensive 
Care, 1, 34.  

Timsit, J. F., Mimoz, O., Mourvillier, B., Souweine, B., Garrouste-Orgeas, M., Alfandari, S., . . 
. Lucet, J. C. (2012b). Randomized controlled trial of chlorhexidine dressing and highly 
adhesive dressing for preventing catheter-related infections in critically ill adults. Am J 
Respir Crit Care Med, 186(12), 1272-1278. doi: 10.1164/rccm.201206-1038OC 

Titapiwatanakun, R., Moir, C., Pruthi, R. K., Stavlo, P. L., Schmidt, K. A., & Rodriguez, V. 
(2009). Central venous access devices for paediatric patients with haemophilia: a single-
institution experience. Haemophilia, 15(1), 168-174. doi: 10.1111/j.1365-
2516.2008.01906.x 

Toh, L. M., Mavili, E., Moineddin, R., Amaral, J., John, P. R., Temple, M. J., . . . Connolly, B. 
L. (2013). Are cuffed peripherally inserted central catheters superior to uncuffed 
peripherally inserted central catheters? A retrospective review in a tertiary pediatric 
center. J Vasc Interv Radiol, 24(9), 1316-1322. doi: 10.1016/j.jvir.2013.03.003 

Treston-Aurand, J., Olmsted, R. N., Allen-Bridson, K., & Craig, C. P. (1997). Impact of 
dressing materials on central venous catheter infection rates. J Intraven Nurs, 20(4), 
201-206.  

Tsai, M. H., Chu, S. M., Lien, R., Huang, H. R., Wang, J. W., Chiang, C. C., . . . Huang, Y. C. 
(2011). Complications associated with 2 different types of percutaneously inserted 
central venous catheters in very low birth weight infants. Infect Control Hosp 
Epidemiol, 32(3), 258-266. doi: 10.1086/658335 

Tsai, M. H., Lien, R., Wang, J. W., Huang, H. R., Chiang, C. C., Chu, S. M., . . . Huang, Y. C. 
(2009). Complication rates with central venous catheters inserted at femoral and non-
femoral sites in very low birth weight infants. Pediatr Infect Dis J, 28(11), 966-970. 
doi: 10.1097/INF.0b013e3181aa3a29 

Tuffaha, H., Rickard, C., Webster, J., Marsh, N., Gordon, L., Wallis, M. C., & Scuffham, P. 
(2014). Cost-effectiveness analysis of clinically indicated versus routine replacement of 
peripheral intravenous catheters. Appl Health Econ Heath Policy, 12(1), 51-58.  

Ullman, A. J., Cooke, M., Kleidon, T., & Rickard, C. M. (2016a). Road map for improvement: 
Point prevalence audit and survey of central venous access devices in paediatric acute 
care. J Paed Child Health, accepted for publication.  

Ullman, A. J., Cooke, M., & Rickard, C. (2015a). Examining the role of securement and 
dressing products to prevent central venous access device failure: a narrative review. J 
Assoc Vasc Access, 20(2), 99-110.  

Ullman, A. J., Cooke, M. L., Gillies, D., Marsh, N. M., Daud, A., McGrail, M. R., . . . Rickard, 
C. M. (2013a). Optimal timing for intravascular administration set replacement. 
Cochrane Database Syst Rev, 9, CD003588. doi: 10.1002/14651858.CD003588.pub3 

Ullman, A. J., Cooke, M. L., Mitchell, M., Lin, F., New, K., Long, D. A., . . . Rickard, C. M. 
(2015b). Dressing and securement for central venous access devices (CVADs): a 
Cochrane Systematic Review. International Journal of Nursing Studies. doi: 
10.1016/j.ijnurstu.2016.04.003 

Ullman, A. J., Cooke, M. L., Mitchell, M., Lin, F., New, K., Long, D. A., . . . Rickard, C. M. 
(2015c). Dressings and securement devices for central venous catheters (CVC). 
Cochrane Database Syst Rev, 9, Cd010367. doi: 10.1002/14651858.CD010367.pub2 

Ullman, A. J., Cooke, M. L., Mitchell, M., Lin, F., New, K., Long, D. A., . . . Rickard, C. M. 
(2016b). Dressing and securement for central venous access devices (CVADs): A 
Cochrane systematic review. International Journal of Nursing Studies, 59, 177-196. 
doi: http://dx.doi.org/10.1016/j.ijnurstu.2016.04.003 

Ullman, A. J., Kleidon, T., Gibson, V., Long, D. A., Williams, T., McBride, C. A., . . . Rickard, 
C. M. (2016c). Central venous Access device SeCurement And Dressing Effectiveness 
(CASCADE) in paediatrics: protocol for pilot randomised controlled trials. BMJ Open, 
6(6). doi: 10.1136/bmjopen-2016-011197 



 

 
434 

Ullman, A. J., Kleidon, T., Gibson, V., McBride, C. A., Mihala, G., Cooke, M., & Rickard, C. 
M. (2016d). Innovative dressing and securement of tunneled central venous access 
devices in pediatrics: a pilot randomized controlled trial. BMC Cancer, under review.  

Ullman, A. J., Long, D. A., & Rickard, C. M. (2014). Prevention of central venous catheter 
infections: a survey of paediatric ICU nurses’ knowledge and practice. Nurse Educ 
Today, 34(2), 202-207. doi: 10.1016/j.nedt.2013.09.002 

Ullman, A. J., Marsh, N., Mihala, G., Cooke, M., & Rickard, C., M. (2015d). Complications of 
central venous access devices: a systematic review. Pediatrics, 136(5). doi: 
10.1542/peds.2015-1507 

Ullman, A. J., Mitchell, M., Lin, F., New, K., Long, D., Cooke, M., & Rickard, C. (2013b). 
Dressings and securement devices for central venous catheters (CVC) (Protocol). 
Cochrane Database Syst Rev(2).  

Unal, S., Ekici, F., Cetin, II, & Bilgin, L. (2012). Heparin infusion to prevent umbilical venous 
catheter related thrombosis in neonates. Thromb Res, 130(5), 725-728. doi: 
10.1016/j.thromres.2012.07.018 

Uygun, I., Okur, M. H., Otcu, S., & Ozturk, H. (2011). Peripherally inserted central catheters in 
the neonatal period. Acta Cir Bras, 26(5), 404-411.  

van Miert, C., Hill, R., & Jones, L. (2012). Interventions for restoring patency of occluded 
central venous catheter lumens. Cochrane Database Syst Rev, 4, Cd007119. doi: 
10.1002/14651858.CD007119.pub2 

Van Winkle, P., Whiffen, T., & Liu, I. L. (2008). Experience using peripherally inserted central 
venous catheters for outpatient parenteral antibiotic therapy in children at a community 
hospital. Pediatr Infect Dis J, 27(12), 1069-1072. doi: 10.1097/INF.0b013e31817d32f2 

Vandenbroucke, J. P., von Elm, E., Altman, D. G., Gotzsche, P. C., Mulrow, C. D., Pocock, S. 
J., . . . Egger, M. (2014). Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE): Explanation and elaboration. Int J Surg. doi: 
10.1016/j.ijsu.2014.07.014 

Vokurka, S., Bystricka, E., Visokaiova, M., & Scudlova, J. (2009). Once- versus twice-weekly 
changing of central venous catheter occlusive dressing in intensive chemotherapy 
patients: results of a randomized multicenter study. Med Sci Monit, 15(3), Cr107-110.  

Wagner, M., Bonhoeffer, J., Erb, T. O., Glanzmann, R., Hacker, F. M., Paulussen, M., . . . 
Heininger, U. (2011). Prospective study on central venous line associated bloodstream 
infections. Arch Dis Child, 96(9), 827-831. doi: 10.1136/adc.2010.208595 

Wall, J. B., Divito, S. J., & Talbot, S. G. (2014). Chlorhexidine gluconate-impregnated central-
line dressings and necrosis in complicated skin disorder patients. J Crit Care, 29(6), 
1130.e1131-1134. doi: 10.1016/j.jcrc.2014.06.001 

Webster, J., Gillies, D., O’Riordan, E., Sherriff, K. L., & Rickard, C. M. (2011). Gauze and tape 
and transparent polyurethane dressings for central venous catheters (review). Cochrane 
Database Syst Rev(11), 1-35.  

Weitz, N. A., Lauren, C. T., Weiser, J. A., LeBoeuf, N. R., Grossman, M. E., Biagas, K., . . . 
Morel, K. D. (2013). Chlorhexidine gluconate-impregnated central access catheter 
dressings as a cause of erosive contact dermatitis: a report of 7 cases. JAMA Dermatol, 
149(2), 195-199. doi: 10.1001/jamadermatol.2013.903 

White, A. D., Othman, D., Dawrant, M. J., Sohrabi, S., Young, A. L., & Squire, R. (2012a). 
Implantable versus cuffed external central venous catheters for the management of 
children and adolescents with acute lymphoblastic leukaemia. Pediatr Surg Int, 28(12), 
1195-1199. doi: 10.1007/s00383-012-3213-4 

White, I. R., Barrett, J. K., Jackson, D., & Higgins, J. (2012b). Consistency and inconsistency in 
network meta-analysis: model estimation using multivariate meta-regression. Research 
Synthesis Methods, 3, 111-125.  

Wiegering, V., Schmid, S., Andres, O., Wirth, C., Wiegering, A., Meyer, T., . . . Eyrich, M. 
(2014). Thrombosis as a complication of central venous access in pediatric patients with 
malignancies: a 5-year single-center experience. BMC Hematol, 14(1), 18. doi: 
10.1186/2052-1839-14-18 



 

 
435 

Wilkinson, J. N., & Fitz-Henry, J. (2008). Securing epidural catheters with Histoacryl glue. 
Anaesthesia, 63(3), 324.  

Wilkinson, J. N., Sheikh, N., & Jayamaha, J. (2007). Tissue adhesive as an alternative to sutures 
for securing central venous catheters. Anaesthesia, 62(9), 969-970.  

Wille, J. C., Blusse van Oud Alblas, A., & Thewessen, E. A. P. M. (1993). A comparison of two 
types of transparent film-type dressings in central venous therapy. J Hosp Infect, 23(2), 
113-121.  

Wilson, M. Z., Rafferty, C., Deeter, D., Comito, M. A., & Hollenbeak, C. S. (2014). 
Attributable costs of central line-associated bloodstream infections in a pediatric 
hematology/oncology population. Am J Infect Control, 42(11), 1157-1160. doi: 
10.1016/j.ajic.2014.07.025 

Wong, J., Dow, K., Shah, P. S., Andrews, W., & Lee, S. (2012). Percutaneously placed central 
venous catheter-related sepsis in Canadian neonatal intensive care units. Am J 
Perinatol, 29(8), 629-634. doi: 10.1055/s-0032-1311978 

Wood, D. (1997). A comparative study of two securement techniques for short peripheral 
intravenous catheters. J Intraven Nurs, 20(6), 280-285.  

World Health Organization. (2012). Preventing bloodstream infections from central line venous 
catheters.  Retrieved 12/11/2012, from 
http://www.who.int/patientsafety/implementation/bsi/en/index.html 

Worth, L. J., & McLaws, M. L. (2012). Is it possible to achieve a target of zero central line 
associated bloodstream infections? Curr Opin Infect Dis, 25(6), 650-657. doi: 
10.1097/QCO.0b013e32835a0d1a 

Xia, B., Tang, J., Xiong, Y., Li, X. H., & Mu, D. Z. (2010). Peripherally inserted central 
catheters and the incidence of candidal sepsis in VLBW and ELBW infants: is sepsis 
increased? World J Pediatr, 6(2), 154-157. doi: 10.1007/s12519-010-0030-5 

Yacobovich, J., Ben-Ami, T., Abdalla, T., Tamary, H., Goldstein, G., Weintraub, M., . . . Revel-
Vilk, S. (2014). Patient and central venous catheter related risk factors for blood stream 
infections in children receiving chemotherapy. Pediatr Blood Cancer, n/a-n/a. doi: 
10.1002/pbc.25281 

Yamamoto, A., Solomon, J., Soulen, M., Tang, J., Parkinson, K., Lin, R., & Schears, G. (2002). 
Sutureless securement device reduces complications of peripherally inserted central 
venous catheters. J Vasc Interv Radiol, 13(1), 77-81.  

Yang, R. Y., Moineddin, R., Filipescu, D., Parra, D., Amaral, J., John, P., . . . Connolly, B. 
(2012). Increased complexity and complications associated with multiple peripherally 
inserted central catheter insertions in children: the tip of the iceberg. J Vasc Interv 
Radiol, 23(3), 351-357. doi: 10.1016/j.jvir.2011.11.024 

Ye, X., Rupnow, M., Bastide, P., Lafuma, A., Ovington, L., & Jarvis, W. R. (2011). Economic 
impact of use of chlorhexidine-impregnated sponge dressing for prevention of central 
line-associated infections in the United States. Am J Infect Control, 39(8), 647-654. doi: 
10.1016/j.ajic.2010.11.008 

Young, G. P., Alexeyeff, M., Russell, D. M., & Thomas, R. J. (1988). Catheter sepsis during 
parenteral nutrition: the safety of long-term OpSite dressings. JPEN J Parenter Enteral 
Nutr, 12(4), 365-370.  

Yumani, D. F., van den Dungen, F. A., & van Weissenbruch, M. M. (2013). Incidence and risk 
factors for catheter-associated bloodstream infections in neonatal intensive care. Acta 
Paediatr, 102(7), e293-298. doi: 10.1111/apa.12256 

Zaritsky, J. J., Salusky, I. B., Gales, B., Ramos, G., Atkinson, J., Allsteadt, A., . . . Goldstein, S. 
L. (2008). Vascular access complications in long-term pediatric hemodialysis patients. 
Pediatr Nephrol, 23(11), 2061-2065. doi: 10.1007/s00467-008-0956-1 

Zhai, H., Meier-Davis, S. R., Cayme, B., Shudo, J., & Maibach, H. (2012). Irritant contact 
dermatitis: effect of age. Cutan Ocul Toxicol, 31(2), 138-143. doi: 
10.3109/15569527.2011.618472 

Zhang, L., Keogh, S., & Rickard, C. M. (2013). Reducing the risk of infection associated with 
vascular access devices through nanotechnology: a perspective. Int J Nanomedicine, 8, 
4453-4466. doi: 10.2147/ijn.s50312 



 

 
436 

 

 


