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ABSTRACT

Background
Peripheral arterial catheters (PACs) are routinely used for continuous haemodynamic monitoring
and repeated blood sampling in critically ill patients. However, PACs are associated with a risk of
serious infection. Mandating the frequency of replacement for administration sets (AS) is one
strategy thought to reduce the risk of infection associated with PACs. Currently, many authorities
give a broad recommendation of four to seven days AS use for all intravascular access devices.
The duration of AS use may have an impact on PAC infection rates, but the optimum duration for
AS use to prevent infection is currently unknown. Previous studies have reported no cases of
peripheral arterial catheter-related bloodstream infection (PAC-BSI) when AS were replaced every
48 hours; however, few studies have been evaluated with AS used beyond this time.

Purpose
The purpose of this research programme was twofold: (1) to critically appraise the current state of
the science regarding the optimal time interval for replacement of AS for patients with PACs; and
(2) to assess the feasibility of a protocol and processes for a large randomised controlled trial to
compare the equivalence of four day versus seven day replacement of AS for PACs. The research
programme was undertaken in order to facilitate clinical decision-making and to provide evidence
of the current state of the nursing management of arterial lines to guide further research in this
important area.

Design
This research programme had two phases. Phase 1 entailed the undertaking of a comprehensive
systematic review of the research literature for the optimal interval for replacement of AS attached
to PACs. The systematic review findings revealed that there was little evidence concerning the
optimal timing for replacement of AS for PACs, suggesting a large sample size would be required
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to rigorously test the efficacy or equivalence of the two extremes currently recommended: four
days versus seven days use. In Phase 2 of the research programme, a feasibility pilot randomised
controlled trial (RCT) was conducted to collect data regarding the viability of a protocol for
conducting a large-scale definitive RCT.

Intervention
In Phase II, critically ill patients with PACs were recruited and randomised to have their AS used
for four days (n = 50) or seven days (n = 50). The AS were routinely removed and replaced at the
randomised intervals. Patients in the experimental group had the AS for PAC replaced every
seventh day while the PAC remained in situ. Patients in the control group had the AS for PAC
replaced every four days.

Population and sample
Adult intensive care unit (ICU) patients with PACs were enrolled into the study from a tertiary
medical and surgical cardiothoracic ICU over a period of thirteen months.

Data collection and instruments
Feasibility data was collected for the outcomes of recruitment, randomisation, intervention fidelity,
retention, missing values, resource implications, and effect size. As the proposed primary endpoint
for the large trial, patients were assessed for PAC related bloodstream infection (PAC-BSI) using
definitions from the Centers for Disease Control and Prevention (CDC). In addition, secondary
outcomes of all BSIs, tip colonisation, and mortality were collected.

Data analysis
Feasibility was assessed using predefined limits for recruitment, randomisation, intervention
fidelity, retention, missing values and resource implications. Effect size was assessed by
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comparison of groups for the primary outcome. Normality of distribution for continuous variables
was assessed using Shapiro-Wilk test analysis. Between groups, baseline comparison of gender,
history of diabetes mellitus and current infection were assessed using the Pearson Chi-square
test. Student‟s T-test was used to assess the comparison between the two groups for age, gender,
APACHE II score, and ICU and hospital days at study entry.

Results
Over 13 months, 353 patients were screened, 113 were eligible and 100 were recruited. Of these,
50 were randomised to the four day group, and 50 to the seven day group, although group balance
randomised each month varied. There were significant differences between study groups for
baseline factors of: age (p<0.001); gender (p=0.029); APACHE II score (p<0.001); ICU days at
study entry (p<0.001); admission diagnosis (p=0.032), history of diabetes mellitus (p=0.045).
There were no significant differences between groups for infections at baseline, or hospital days at
study entry (both p>0.05). Intervention fidelity was higher in the four day group, with 90% of AS
replaced at least once at the assigned time. In the seven day group, many PACs were not required
clinically for this long, leaving 60% with AS replaced at least once at the seven day time point.
Protocol compliance (correct treatment) was 98% in both groups. No patient was withdrawn from
the study or was lost to follow up and there was 100% follow up for the primary endpoint. Time to
complete study activities was a mean 54.6 minutes of research nurse time per patient. Study costs
averaged $31.90 per patient. There were no cases of PAC-BSI in either study group, but using the
1.5% incidence reported in the literature, the calculated sample size required for a future trial
would be 340 patients per group to detect non-inferiority (+2%) with 90% power (p=0.05). There
was only one case of tip colonisation (in the Day 4 group). Incidence of BSI was 14% (Day 4
group) and 16% (Day 7 group). Five patients died in each group, of causes unrelated to the study.
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Discussion
In Phase 1, the systematic review confirmed that a study comparing 4 and 7 day replacement of
PAC-AS is necessary to progress nursing knowledge and practice. In Phase 2, the pilot RCT
revealed that with some adjustments a large RCT is feasible. The major adjustments would be the
use of stratified block randomisation instead of simple randomisation, and consideration of a
change in the primary endpoint to PAC-associated BSI rather than PAC-related BSI. The
recruitment rates were acceptable and waiting for recruitment until Day 3 prevented meant that
most PACs survived to have at least one routine replacement. Intervention compliance and follow
up rates were extremely high, although consideration of a general ICU cohort that does not include
elective surgical patients may be preferable so as to increase the number of patients requiring
PACs for 7 days or more. There were reasonable projected costs for research nurse time at one
hour per patient.

The study provides the first data internationally to confirm the equivalent risk of 4 or 7 day AS use
for preventing patient infection. Extending AS use to seven days may be safe and would reduce
nursing time, equipment costs, and disposable waste. A larger RCT, sensibly informed by this pilot
trial, can now build upon and confirm these results.

Conclusion
In conclusion, the research findings suggest that seven day use of AS use for PACs is safe and,
with some design modifications guided by this feasibility pilot trial, a large confirmatory RCT is
feasible and indicated.
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CHAPTER 1: INTRODUCTION
1.1

Introduction

The routine replacement of administration sets (AS) for peripheral arterial catheters (PACs) is a
commonly performed intervention in intensive care unit (ICU) patients. It is generally assumed that
this practice reduces the risk of infection in this high-risk cohort. In contrast to its popularity in
practice, research into the effectiveness of AS replacement for PAC has received little attention,
despite being a routine practice in ICUs worldwide. This doctoral study assesses the current
evidence for the optimal duration of AS use for PACs, and describes the findings of a randomised
controlled trial undertaken to further knowledge and practice in this area. This student project was
nested within a larger trial called Replacement after Standard Versus Prolonged use Trial (RSVP
Trial) where Professor Claire Rickard (Principal Supervisor for this research project) was listed as
the Principal Investigator, with Azlina Daud‟s student involvement noted on the application.
Therefore, the ethics correspondence was addressed to Professor Claire Rickard.

This chapter introduces the research by providing a background to the clinical problem and a
rationale for the doctoral study. Following this overview, the research aims, question and
significance will be presented, followed by the definition of terms used. An outline of the thesis
structure including a brief description of the each phase of the research process will complete the
chapter.

1.2

Background

PACs are short plastic cannula typically inserted into the radial artery proximal to the wrist. PACs
are commonly used in ICUs worldwide for continuous invasive monitoring of blood pressure and
for frequent blood sampling in the critically ill. Approximately six million PACs are inserted yearly in
the USA (Gowardman, Lipman, & Rickard, 2010). Using population comparisons, the number used
in Australia each year is likely to be over 400,000. In Australia, initial insertion of PACs is

1

performed by specialist anaesthetic or intensive care medical doctors, and post-insertion
maintenance care and use is undertaken primarily by registered nurses trained in this practice. As
such, nurses have the opportunity to influence the outcomes of patients with PACs. Infection
prevention and maintenance of PAC patency are directly impacted by nursing practice, and nurses
must strive to develop a body of knowledge that delivers the best results for people requiring
PACs.

PACs cannot be used in isolation, but must always have an administration set connected, by which
to infuse intravenous fluids under a pressurised system to prevent occlusion of the catheter, as
well as to prevent patient blood loss occurring due to blood backflow into the catheter body.
Included as part of the AS system is a pressure transducer that allows the effects of environmental
pressure to be calibrated to zero, so that a true invasive blood pressure reading may be
continuously obtained and evaluated. PACs are commonly in situ for several days, and in the more
critically ill, can be in use for more than a week. Current practice in many ICUs in Australia and
worldwide is regular replacement of AS every three or four days in the belief that this will reduce
bacterial contamination of the catheter and prevent catheter-related bloodstream infection (CRBSI)
(Drennan, Hicks, & Hart, 2010).

CRBSI is a common, costly, and potentially fatal complication of intravascular catheters insertion
and use (Mermel, 2000). Between 250,000 and 500,000 cases of CRBSI occur each year in the
USA alone (Maki, Kluger, & Crnich, 2006). Although CRBSI may occur in any intravascular device
(IVD), the majority of research in this area to date has concentrated on central venous catheters
(CVC), which have been the focus of numerous campaigns to reduce such infections. The cause
and incidence of CRBSI occurring in patients with PACs is often overlooked. A systematic review
of prospective studies published from 1979 to 2004 indicated that the average incidence of PACrelated bloodstream infection (PAC-BSI) was 0.8% of catheters, or 1.7 per 1000 catheter days
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(Maki et al., 2006). More recently, data from Spain and France indicated PAC -BSI rates of 1.0–
1.92 per 1000 catheter days (Lorente, Santacreu, Martin, Jimenez, & Mora, 2006; Lucet,
Bouadma, Zahar, Schwebel, Geffroy, Pease, Herault, Houache, Adrie, Thuong, Francais,
Garrouste-Orgeas, & Timsit, 2010). Another study undertaken in four European countries (France,
Germany, Italy, and the United Kingdom) reported the incidence of CRBSI in CVCs and PACs
combined as 1.23–4.2 per 1000 catheter days, with mortality estimates of 1,000 to 1,584 patients
dying each year from CRBSI in those countries alone (Tacconelli, Smith, Hieke, Lafuma, &
Bastide, 2009). The only reported incidence of PAC-BSI in Australia was 0.92 per 1,000 catheterdays (Koh, Gowardman, & Brown, 2008). Although there are no Australian data regarding the
mortality rate associated with PAC-BSI, the condition likely has a similar impact as central venous
catheter-related BSI (CVC-BSI), which increases mortality by an absolute risk of one per cent
(Halton, Cook, Whitby, Paterson, & Graves, 2009).

Relatively little is currently known about the health dollar expenditure and additional length of stay
associated with PAC-BSI in the Australian health care context. However, the cost of CVC-BSI to
Australian intensive care units has been reported as AUD $8,571.64 (2006 AUD), comprising
consumable costs including a catheter, diagnostic analysis costs of one catheter tip, two blood
cultures per CRBSI, and the overall cost of treatment being two weeks of vancomycin, 10 days
ticarcillin, and four weeks of fluconazole IV, and gaining 0.107 of a Quality Adjusted Life Year
(Halton, Cook, Whitby, Paterson, & Graves, 2009). In addition, Halton et al. (2010) reported that
CRBSI resulted in an extension of ICU length of stay by 2.4 days, and hospital stay by 7.5 days.
As the process of investigating and diagnosing PAC -BSI is similar, also requiring blood and
catheter tip cultures, a comparable cost could be assumed. The cost of PAC -BSI in the US health
care system was predicted over a decade ago by Mermel (2000) to be USD $35,000 per infection
episode with associated prolonged hospitalisation of 20 to 40 days. PAC -BSI clearly represents a
major financial burden on the health care system and community, and therefore a focused
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research examination of prevention practices by nurses is justified.

Routine AS replacement for PACs is an intervention undertaken in the majority of ICUs in Australia
and worldwide in an attempt to prevent the occurrence of PAC -BSI (Drennan et al., 2010). This
practice is based on the assumption that a contaminated AS can become a source of infection for
patients, and that regular removal and replacement with a new sterile AS reduces the risk of PAC BSI. Current practice is influenced by organisations such as the US Centers for Disease Control
(CDC), which publishes evidence-based guidelines for catheter care and the prevention of related
infection (O‟Grady, Alexander, Burns, Dellinger, Garland, Heard, Lipsett, Masur, Mermer, Pearson,
Raad, Randolph, Rupp, & Saint, 2011). However, the current CDC recommendations for the
frequency of AS replacement are provided in a generic manner for all types of intravascular
catheters and do not provide specific advice regarding the optimal duration of AS use to prevent
infection in PACs. In the CDC guidelines, the evidence for the duration and frequency of AS
replacement relies on research conducted with CVCs and peripheral venous catheters, which is a
problem because the nature and use of PACs is very different from CVCs and peripheral
catheters.

A Cochrane Systematic Review was published in 2005 (Gillies, O‟Riordan, Wallen, Rankin,
Morrison, & Nagy, 2005). This review included 13 randomised or quasi-randomised trials (4,783
participants) that compared different timeframes for replacement of intravenous (central or
peripheral) administration sets. Six studies reported on the outcomes of CRBSI and found no
increase when AS were used for longer periods compared with shorter periods (risk ratio 1.06;
95% confidence interval 0.66 to 1.68). The authors concluded that if AS did not contain lipids or
blood products then they could be used for up to 96 hours without increasing the risk of infection.
However, they stated that there was inadequate evidence to suggest recommendations beyond
this point. Beyond 96 hours, an Australian study found no difference in infections rates when
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comparing 4 and 7 day replacement for antiseptic coated central venous catheters (Rickard,
Lipman, Courtney, Siversen, & Daley, 2004b). A quasi-randomised trial from the USA reported no
change in CRBSI when AS use was extended in CVCs from 3 to 7 days (Simon, Fleischhack, &
Wiszniewsky, 2006). These findings in intravenous catheters support the merit of testing extended
PAC AS use to 7 days. Furthermore, no research examining the optimal frequency of AS changes
in PACs beyond four days has been reported. It is likely that PACs may involve a di fferent level
and type of infection risk compared with other catheter types, but this has not been investigated. In
addition, the supporting evidence for the existing CDC guidelines is dated, relying primarily on
evidence from the 1980s, plus a Cochrane review from 2005. The CDC guidelines currently
recommend that AS for all types of intravascular device (IVD) should be routinely changed “no
more frequently than 96 hours, but at least every 7 days” (O‟Grady et al., 2011). Put simply, AS for
PAC can currently be used for as little as four days, or up to seven days, and it appears that there
is no definite evidence to support a more specific time-point within this broad timeframe. Although
this timeframe has been confirmed as optimal for CVCs and peripheral catheters, it is not known if
this is also applicable for PACs.

AS replacement for PACs is a time-consuming procedure, requiring two skilled ICU nursing staff to
perform the task correctly. The setting up of a new AS includes the pressure monitoring bag, the
flushing solution, and the transducer kit. The lines must be primed correctly to reduce the
possibility of air embolus, and the transducer must be zeroed to atmospheric pressure via the
bedside monitor in order to ensure that readings from the line will be accurate. Each AS change
takes around fifteen minutes to perform and produces a large amount of medical waste for
disposal including the used AS and fluid bag, a sterile dressing pack, chlorhexidine solution to
cleanse the site, and sterile gloves.

Every time the AS is opened, this increases the potential risk for contamination of the PAC, and
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the possibility for subsequent PAC-BSI. Therefore, it is possible that less frequent AS changes
could reduce the risk of infection. When comparing a four day change to a seven day change, it is
possible that less frequent AS changes could be associated with: a benefit to patients, including a
reduced risk of CRBSI; a benefit to nurses, including less time spent on unnecessary line changes;
and a benefit to health care institutions, with reduced money spent on consumables. Therefore,
further investigation of this important topic is warranted and indeed necessary.

1.3

Research problem

The safest and most effective clinical nursing practice regarding the optimal duration of AS use for
PACs for is currently unknown.

1.4

Research aim

The aim of the research programme is to rigorously assess the current evidence regarding the
duration of AS use for PACs, and depending on the outcome of this evaluation, design and
conduct an appropriate investigation to further knowledge and practice in this area.

1.5

Research question

What is the safest and most effective clinical nursing practice regarding the optimal duration of AS
use for PACs?

1.6

Significance of the study

The outcomes of this research programme are potentially significant for patients, nurses and policy
makers. Firstly, PAC-BSI is a devastating and potentially fatal complication for patients. It is
therefore important to examine if a relationship between AS replacement and PAC -BSI exists, and
to determine how it may be avoided. Secondly, for nurses to undertake evidence -based practice, it
is necessary for all nursing care to be scrutinised for its clinical effectiveness. Additionally, the
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regular replacement of AS at set time periods has an effect on nursing workload. If less frequent
changes are superior or equivalent to more frequent, then valuable time savings would occur that
could be used for other patient care. Lastly, for policy makers, improving the evidence and quality
of the evidence for PAC care is desirable to improve efficiency, decrease waste and optimise
institutional performance and clinical outcomes. Most hospitals have PAC care guidelines that
govern AS replacement intervals. These guidelines commonly cite either or both local health
department or professional body guidelines, which rely on primary evidence from research studies.
Unfortunately the current CDC guidelines are fairly non-specific, and recommend four to seven day
AS use. This is a broad timeframe, suggesting an inadequate evidence base from which to draw
firm recommendations.

1.7

Definition of terms

This research programme uses a number of terms specific to the clinical setting. These are
defined below:

1.7.1 Peripheral arterial catheter
A peripheral arterial catheter (PAC) is a sterile tube inserted directly into a peripheral artery and
utilised as part of a closed circuit consisting of the catheter and AS (including a transducer system
and three-way tap, also called a stopcock) connected to an electric cable and bedside monitoring
device. The PAC is used in the critical care setting to provide continuous observation of intra arterial blood pressure and convenient access via the three-way tap for repeated blood sampling
of arterial blood for blood gas analysis and other diagnostic sampling (Hoencamp, Ulrich,
Verschuren, & van Baalen, 2006; Lorente et al., 2006). PACs are a frequently used device in ICUs
and are also routinely used during large surgical procedures. The care and maintenance of PACs
must be provided by trained staff, including intensive care nurses and physicians, and
anaesthetists.
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1.7.2 Administration set
The CDC guidelines define the administration set (AS) as the infusion tubing from the entry port
into the fluid container to the connector hub of the vascular access device (O'Grady, Alexander,
Dellinger, Gerberding, Heard, Maki, & al, 2002). The AS for a PAC includes a spike, drop orifice,
drip chamber, tubing, pressure transducer, and clamp (Macklin & Chernecky, 2004). The flanged
spike that pierces the solution reservoir comes with or without a vent. A three-way tap is included
in the AS line to provide access for blood sampling. The AS is a commercially made product of
disposable plastic, and is provided in sterile packaging as a single use disposable item.

1.7.3 Replacement of administration sets
Replacement of the AS occurs when the entire AS line, including fluid, transducer and tubing, is
disconnected from the PAC, discarded, and then replaced with a new sterile AS. Changing the AS
occurs more frequently than the replacement of the PAC itself.

1.7.4 Catheter-related bloodstream infection
Catheter-related bloodstream infection (CRBSI) is defined by the CDC as “Bacteremia or fungemia
in a patient with an intravascular catheter with at least 1 positive blood culture obtained from a
peripheral vein, clinical manifestations of infections (i.e. fever, chills, and or hypotension), and no
apparent source of the bloodstream infection (BSI) except the catheter” (O‟Grady et al., 2002, p.
2). The term applies to any intravascular catheter including CVCs, peripheral venous catheters,
and PACs. Evidence of CRBSI can only be identified by defined microbiological techniques
undertaken in laboratory conditions, and includes the existence of matching organisms obtained
from a catheter tip culture and peripheral blood cultures. CRBSI is a more rigorous diagnostic
definition than the surveillance definitions used for infection prevention programs, such as central
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line associated bloodstream infection (CLABSI), a term used when the patient shows signs of
infection with no other likely possible source than the intravascular catheter (CDC & NHSN, 2013) .

1.7.5 Peripheral arterial catheter-related bloodstream infection
Peripheral arterial catheter-related bloodstream infection (PAC-BSI) refers to a CRBSI occurring
secondary to the presence of a PAC. It involves a bloodstream infection as demonstrated by
positive peripheral blood cultures and a matched microbial growth from a culture of the PAC tip
segment, in addition to clinical symptoms and no other apparent source for the bloodstream
infection (O‟Grady et al., 2011). All BSIs are serious and potentially deadly infections.

1.8

Thesis structure

This thesis is divided into 7 chapters, as outlined by the following:

Chapter 1 provides an introduction to the research, including details about the background,
research problem, aim of the study, research question, significance of the study, definition of
terms, and the thesis structure.

Chapter 2 consists of a critical review of published literature in relation to PACs and intervals for
AS replacement. An assessment of current gaps in knowledge related to frequency of AS
replacement for PACs is made. The literature review consists of two sections: Part A provides a
review of the existing literature pertaining to PACs and the complication of PAC -BSI; part B
presents a review of the literature regarding AS and the frequency for AS replacement for PACs as
a nursing intervention.

Chapter 3 describes the methods and procedures for conducting a systematic review as Phase 1
of the research programme. It includes a discussion of the review, purpose, aims, search methods,
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types of studies included, participants, details of interventions, outcome measures, as sessment of
methodological quality, data extraction and analysis.

Chapter 4 comprises a published paper from the research. This publication reports and discusses
the results of the systematic review of current evidence in relation to optimal duration of AS
replacement for PACs. Also outlined in this chapter is the theoretical model based on the literature
review and findings of the systematic review that inform the design of the experimental aspect of
this research programme.

Chapter 5 describes Phase 2, the experimental phase of the doctoral study. It outlines the
methods and procedures including the research design, rationale, aims, research questions, data
analysis, ethical considerations and presents a conceptual map in relation to a feasibility
randomised controlled trial (RCT).

Chapter 6 consists of findings from the feasibility RCT and includes results regarding recruitment,
randomisation, intervention fidelity, retention, missing data, effect size, time, and cost of study
processes.

Chapter 7 involves a discussion of the overall findings of the systematic review and the feasibility
RCT. It outlines the strengths and limitations of the research, discusses clinical implications, and
provides recommendations for clinical practice and research.

1.9

Summary

This chapter has introduced the clinical problem under investigation. Investigation of the optimal
duration for AS use in patients with a PAC has not been closely examined in recent years, and this
has resulted in out-dated, ambiguous clinical practice recommendations, and inconsistent nursing
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practice. It is therefore important to rigorously evaluate the current evidence, and then to further
investigate the practice in order to extend the knowledge regarding the efficacy of time-based AS
replacement for patients with a PAC.

Before embarking on this research programme, a critical review of the literature was undertaken to
identify knowledge gaps and to guide subsequent research methods to investigate the optimal
duration of AS replacement for PACs. The following chapter provides this literature review.
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CHAPTER 2: LITERATURE REVIEW
2.1

Introduction

This chapter provides a critical review of the current literature in relation to the optimal timing of
administration sets (AS) replacement for preventing the complication of peripheral arterial catheter
(PAC) related bloodstream infection (PAC-BSI) in patients who require a PAC. This review is
divided into two parts. Part A consists of an overview of PACs, the history of PAC use, the
complications of PACs including PAC-BSI, diagnostic definitions, risk factors, comparison to
central venous catheter-related BSI (CVC-BSI), PAC-BSI pathogenesis, treatment of PAC-BSI,
associated morbidity and mortality, cost implications, and impact on length of hospital stay. Part B
consists of an overview, definition and the history of AS use, complications of AS, policies for
routine AS replacement, the impact on nursing practice, costs and hospital waste, and research
into the duration of AS use for PACs. The chapter concludes with an assessment of current gaps
in knowledge related to timing of AS replacement for PACs as a rationale for the need for the
subsequent research programme.

2.2

Peripheral arterial catheters and related complications

2.2.1 Overview of peripheral artery catheterisation
An arterial catheter is a sterile plastic tube inserted directly into a radial, femoral, axillary, brachial
or posterior tibial artery (O‟Grady et al., 2002) for the purpose of monitoring arterial blood pressure
and accessing the blood for diagnostic sampling. The radial artery is the most common site of
cannulation (Scheer, Perel, & Pfeiffer, 2002). PACs are shorter, sterile plastic tubes inserted
directly into a peripheral artery, rather than femoral or axillary artery. PACs are inserted in an
operating room or critical care setting, and utilised as part of a catheter-transducer-monitor system.
After insertion, a PAC is immediately connected to a monitoring system that has a continuous fluid
infusion placed in a pressure bag sleeve set to approximately 300 mmHg (O'Malley, Rhame,
Cerra, & McComb, 1994). The AS transducer is connected by a cable to the bedside monitor, and
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this provides the functionality to continuously observe intra-arterial blood pressure. A three-way tap
(also known as a stopcock connection) provides convenient access for repeated blood sampling of
arterial blood for blood gas analysis and other diagnostic sampling in critically ill patients
(Hoencamp et al., 2006; Lorente et al., 2006; O'Grady et al., 2002). Continuous intra-arterial blood
pressure measurement allows for the detection of haemodynamic instability and provides
information necessary to initiate and titrate therapies (Gardner, 1990). Whilst PACs are typically
inserted by medical specialists or occasionally by advanced practice nurses, post-insertion care is
in the domain of critical care nursing.

Internationally, PACs are extensively used in the care and management of critically ill patients in
intensive care units (ICU) and during complex anaesthesia. In a report from 4932 medical and
surgical ICU patients in the USA, 2119 (43%) patients had an arterial catheter placed at the time of
admission, with others being catheterised after this time (Frezza & Mezghebe, 1998). Such data in
Australia are not available, but the incidence of arterial catheter insertion in Australia is likely to be
higher considering differing definitions and admission patterns for ICU patients between the two
countries. In a one-day point prevalence survey in 17 European countries, 44% of ICU patients
had a PAC. Use may be on the increase, with a more recent Spanish prospective cohort study
finding that 1,775 of 2018 (88%) patients admitted to one ICU over a three year period received a
PAC (Lorente et al., 2006). Global PAC insertion figures are unknown, although in the USA alone,
approximately six million PACs are thought to be inserted annually (Gowardman et al., 2010).
Based on this figure, in comparison with the Australian population, which is 13.7 times lower than
that of the USA (ABS, 2012), it can be estimated that about 400,000 PACs are inserted each year
in Australia.

2.2.2 History of arterial catheterisation
Intra-arterial blood pressure monitoring has been a theoretical concept since the eighteenth
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century when Stephen Hales, an English theologian-scientist, measured pressure within the
circulatory system. His experiment measured „pulse pressure‟ using a water manometer inserted
onto a horse artery as demonstrated in Figure 2.1 (Booth, 1977).

Figure 2.1: Reverend Hale’s experiments to determine blood pressure.
Reproduced from Medical Times 1944, cited in Booth, 1977.

Much later, during the polio epidemics of the late 1950s and 1960s, the evolution of automated
patient

monitors,

polymer

based manufacturing, and life support technologies saw the

establishment of the earliest ICUs and sophisticated haemodynamic monitoring was introduced
(Ristagno & Weil, 2009). Since then, progress in the management of the acutely ill patient has
been accelerated by rapid advances in both monitoring and measurement technologies (Ristagno
& Weil, 2009). More specifically, haemodynamic monitoring systems including PACs have rapidly
evolved to enable precise nursing assessment and management of critically ill patients in the ICU.
PACs are now an invaluable tool in the monitoring and care of the critically ill ICU patient, but such
care is only made possible by the presence of trained and competent ICU nurses with knowledge
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in both pathophysiology and technology, to deliver safe and effective nursing care around the clock
(Turner, 2010).

The plastic material used to manufacture vascular catheters is selected based on elasticity,
resistance to breakage, risk of obstruction and clinical parameters (Bouza, Guembe, & Munoz,
2010). In the 1990s, the two most common materials used to manufacture PACs were Teflon® and
polyethylene, with Teflon® catheters being more biocompatible than polyethylene catheters
(Lambert, Martin, Perrin, Papazian, & Gouin, 1990). The materials used in contemporary
manufacturing are now typically radiopaque polyurethane catheters, and these catheters are not
coated with antimicrobial agents in comparison to CVCs (Khalifa, Dahyot-Fizelier, Laksiri, Ragot,
Petitpas, Nanadoumgar, Debaene, & Mimoz, 2008; Lorente et al., 2006). Polyurethane has the
benefit of being softer and more flexible once warmed to normal body temperature, thus being less
vaso-irritant and less likely to be associated with phlebitis or inflammation of the vessel
(Gaukroger, Roberts, & Manners, 1988).

2.2.3 Complications of peripheral arterial catheters
Unfortunately,

PACs are not without a number of potential complications for patients.

Complications associated with PACs include: difficulties adequately securing the catheter,
accidental catheter dislodgement, distal hand or digit ischaemia due to obstruction or vasospasm,
damage to the artery itself, irritation or thrombophlebitis, embolus, thrombosis, aneurysm, loss of
ability to monitor haemodynamic status, and haemorrhage (Durie, Beckmann, & Gillies, 2002;
NSW Health Intensive Care Coordination & Monitoring Unit, 2007). The largest reported dataset of
PAC complications was undertaken in the USA where a retrospective audit of complications
associated with arterial cannulation in children studied the records of 10,394 patients aged one
month to 18 years old who had a PAC used for more than one day (King, Garrison, Vavilala,
Zimmerman, & Rivara, 2008). In this study, PAC complications were observed in 10.3%
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(1,072/10,394) of patients, with complications most commonly comprising local or systemic
infection or inflammation (61.8%), complications not otherwise specified (14.9%), mechanical
complications (14.1%), and embolic or thrombotic issues (7.5%) (King et al., 2008). In adults, the
incidence of overall PAC complications was reported in a retrospective study of 2119 critically ill
adult patients in medical or surgical ICUs (MICU or SICUs) (Frezza & Mezghebe, 1998). Patient
complications were as follows: vascular insufficiency (3.4% MICU, 4.6% SICU), bleeding (1.8%
MICU, SICU 2.6%), and infection (0.4% MICU, 0.7% SICU) (Frezza & Mezghebe, 1998).

2.2.4 Peripheral arterial catheter-related bloodstream infection (PAC-BSI)
Peripheral arterial catheter-related bloodstream infection (PAC-BSI) is an acknowledged potential
complication related to the use of PACs in children and adults (Marschall, Mermel, Classen, Arias,
Podgorny, & Anderson, 2008), although published studies examining the infection risk associated
with PACs use varying diagnostic criteria and terminology. PAC -BSI refers to a bloodstream
infection that develops secondary to the presence of the PAC, which breaks the bod y‟s natural
immunity to defence the skin providing a pathway for microorganisms to directly enter the
bloodstream. In their surveillance study of the epidemiology and microbiology of nosocomial
bloodstream infections in a US hospital, Wisplinghoff et al. (2004) revealed that intravascular
devices (including PACs) were the most consistent factors associated with patients developing
BSIs. Maki et al. (2006) undertook a systematic review of the published rates of CRBSI in all
prospective evaluations from 1979 up until 2004, which identified 14 studies involving PACs; the
review reported a total of 37 of 4366 PACs had CRBSI. This constituted a PAC -BSI rate of 0.8 per
100 catheters (95%CI 0.6–1.1) or 1.7 (95%CI 1.2–2.3) PAC-BSIs per 1000 PAC catheter days.
Maki et al. (2006) estimated that between 250,000 and 500,000 CRBSIs associated with any type
of vascular catheter occurred in the USA each year. More recently, a similar rate was reported in
France in a multicentre study in seven ICUs involving 3532 PACs with PAC -BSI occurring at a rate
of 1.0 per 1000 catheter days (Lucet et al., 2010). Similar rates have been reported in Spain

16

(Lorente et al., 2006). An Australian study of adult and paediatric patients in a combined ICU and
high dependency unit reported PAC-BSI rates per 1,000 catheter days of 0.92 (95%CI, 0.13–6.44)
(Koh et al., 2008). It appears that international rates are generally consistent, and may have
decreased somewhat over time to now be around 1.0 per 1000 PAC days.

2.2.5 Diagnostic criteria for PAC-BSI
Naturally, the rate of infections related to indwelling catheters depends on the definitions used
(O'Grady et al., 2002). Several professional bodies have released consensus definitions for CRBSI
that are applied to PACs, although even these definitions vary, and are often further amended
when used in studies reported in the literature. This makes comparison of reported rates difficult.
One of the more influential definitions of CRBSI is that of the US Centers for Disease Control
(CDC). Although the CDC is an arm of the USA government, their definitions and guidelines for the
prevention of infection in vascular catheters are well known and respected around the world. The
CDC defines CRBSI as “Bacteremia or fungemia in a patient with an intravascular catheter with at
least one positive blood culture obtained from a peripheral vein, clinical manifestations of infections
(i.e. fever, chills, and or hypotension), and no apparent source of the BSI except the catheter”
(O‟Grady et al., 2002, p. 2).

The Infectious Disease Society of America (IDSA) has more recently released definitions which
are similar, but with additional alternative diagnostic criteria, these being either: (1) positive growth
of the same micro-organism from at least one percutaneously drawn blood culture, and from a
culture of the catheter tip, or (2) two blood samples (one drawn from a catheter hub and the other
one from a peripheral vein) that when cultured, meet CRBSI criteria for quantitative blood cultures
or differential time to positivity (Mermel, Allon, Bouza, Craven, Flynn, O'Grady, Raad, Rijnders,
Sherertz, & Warren, 2009). There is no similar diagnostic definition released by an Australian
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body; however, both the CDC and IDSA definitions appear to be widely used in clinical practice.
The CDC criteria are generally used in Australian ICUs for surveillance of CRBSI.

Many PACs are suspected of infection, but as seen above diagnosis requires co nfirmation of the
source including microbiological data. Some studies even use additional criteria to diagnose PAC BSI as demonstrated by a French randomised controlled trial (RCT) which required that if a patient
had blood culture(s) positive with coagulase-negative staphylococci, then the same pulsotype from
the strain recovered from the catheter and blood culture(s) was required for a diagnosis of CRBSI
(Lucet et al., 2010).

Other definitions of infections developing in patients secondary to the use of PACs can include:
Catheter Associated Bloodstream Infection (CABSI), and Catheter Related Local Infection (CRLI).
These are often used in the PAC literature instead of or interchangeably with CRBSI definitions.
Central Line Associated Bloodstream Infection (CLABSI) is the government reported surveillance
definition for CABSI in CVCs being: a bloodstream infection that is not secondary to an infection at
another body site, and where the catheter was in place for greater than two calendar days, with
day of device placement being Day 1, and the catheter was in place on the date of event or the
day before (CDC & NHSN, 2013). In Australia, surveillance definitions are issued by the Australian
Commission on Safety and Quality in Health Care to match the CDC definitions (ACSQHC, 2013).
Lorente et al. (2006) defined CRLI as “any sign of local infection (induration, erythema, heat, pain,
purulent drainage) and catheter-tip colonisation”. This is designed to capture the many false
negative blood cultures that are returned in patients who have clinical symptoms of infection and a
positive tip culture on PAC removal. Catheter colonisation is defined as “a significant growth of
microorganisms (>15 colony-forming units, cfu) from the catheter tip, subcutaneous segment of the
catheter, or catheter hub (O‟Grady et al., 2002).
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2.2.6 Risk factors for PAC-BSI
Although a serious condition, as cited above PAC -BSI rates are generally low, and rates are fairly
consistent worldwide. However, there may be variation in outcomes when various technologies
and practices are used, or between different patient populations. In Spain, risk factors for
incidence of PAC-BSI in 2,018 medical and surgical patients was assessed in a prospective cohort
study (Lorente et al., 2006). Potential predictors studied were: total duration of ICU stay, diagnosis
group, order of catheter insertion, and gender. Only the femoral site of insertion was significant
with a higher PAC-BSI risk (odds ratio [OR] 1.9, 95% confidence interval [CI] 1.15–3.41, p = 0.009)
for PACs inserted in the femoral artery than for those using radial access (1.92 versus 0.25 per
1,000 catheter days) (Lorente et al., 2006). Brachial and dorsalis pedis insertion sites were not
associated with significant risk (p = 0.99). Total duration of ICU stay was also not a significant
predictor, but there may have been an inadequate sample to test this association (OR 1.03, 95%CI
0.99–1.06, p = 0.06) considering that the overall number of positive cases was low at only 10/2018
patients (0.005%). In contrast, a prospective study (n = 310) in children with a PAC found insertion
site was not a significant predictor of PAC-BSI, with the only two factors significantly associated
being a type of AS no longer used in modern practice, and secondly the duration of AC d well time
(p < 0.008) (Furfaro, Gauthier, Lacroix, Nadeau, Lafleur, & Mathews, 1991). On further evaluation,
the relationship with time did not increase in a linear manner, but rather infections were absent in
the first 48 hours, after which time they were relatively constant (Furfaro et al., 1991). A recent
study of PAC-BSI risk factors in 336 PACs found longer ICU stay (p < 0.003), pre-ICU hospital
stay (p < 0.001), and time in situ (p = 0.031) to be significant predictors of infection (Wittekamp,
Chalabi, van Mook, Winkens, Verbon, & Bergmans, 2013). Evidence from CVC-related BSIs
suggests that younger age, male gender, diagnoses such as haematological malignancy, immune
deficiency,

cardiovascular

disorders,

gastrointestinal

conditions,

total parenteral nutrition,

prolonged hospital stay prior to insertion, multiple catheter insertions, and insertion in the
emergency or ICU environment (compared to the operating room) may also be predictors of BSI in
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patients with PACs (The Joint Commission, 2012). Although risk factors for PAC-BSI no doubt
exist and are important to consider, it is estimated that as many as 65% to 70% of CLABSIs may
be preventable with the implementation of evidence-based strategies such as adherence to
aseptic insertion techniques and early removal of non-necessary catheters (Umscheid, Mitchell,
Doshi, Agarwal, Williams, & Brennan, 2011).

2.2.7 Comparison of PAC and central venous catheter risk of related BSI
Peripheral arterial catheters were traditionally considered of lower infection risk in comparison to
CVCs, yet the rates of PAC-BSI in many studies are now similar to those in CVCs (Garland &
Connors, 2010; Maki et al., 2006). Khalifa et al. (2008) found that the incidence of PAC-BSI (3.0
per 1,000 catheter days) was comparable to that of short-term CVCs (4.2 per 1,000 catheter days)
indwelling in the same patient cohort over the same period of time, which should have controlled
for other potential confounders such as type of routine care that may have differed in separate
PAC and CVC studies. Wittekamp et al. (2013) found CRBSI incidence to be a comparable 1.9
and 2.1 per 1000 days for central and arterial catheters respectively. The se findings contradict the
traditional view that infection risk is much lower in PACs than in CVCs (Lorente et al., 2006;
Mermel, Farr, Sherertz, Raad, O'Grady, Harris, & Craven, 2001; O'Grady et al., 2002).

Interventions aimed at decreasing PAC infection rates are needed, but prevention strategies in the
ICU have tended to focused on CVCs alone. One such influential intervention has been the
„Insertion Checklists‟ and „Bundle of Care‟ campaigns created by Dr Peter Pronovost at the Johns
Hopkins Hospital in Baltimore, Maryland, to improve the quality and safety of care for ICU patients
with CVCs (Pronovost, Needham, Berenholtz, Sinopoli, Chu, Cosgrove, Sexton, Hyzy, Welsh,
Roth, Bander, Kepros, & Goeschel, 2006). Checklists and bundle strategies for insertion have
been implemented in many countries; for example, the USA Institutes for Healthcare Improvement
„100,000 lives campaign‟ (Berwick, Calkins, McCannon, & Hackbarth, 2006; IHI, 2011), the
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„Matching Michigan‟ campaign in England (Bion, Richardson, Hibbert, Beer, Abrusci, McCutcheon,
Cassidy, Eddleston, Gunning, Bellingan, Patten, & Harrison, 2012), and the World Health
Organisation‟s „Bacteriemia Zero‟ campaign in Spain (WHO, 2013). Australia has similarly
promoted the use of such strategies to focus on reducing infections in ICU patients wi th CVCs (but
not arterial catheters) in a campaign called the „Central Line Associated Blood Stream Infection
(CLABSI) Prevention Project‟ (ANZICS, 2012) ; this project was undertaken by the Australian
Commission on Safety and Quality in Health Care (ACSQHC) in conjunction with the Australia and
New Zealand Intensive Care Society (ANZICS).

Historically, fewer studies have addressed the infection risk associated with PACs compared to
CVCs in the same patient cohort, that is, in patients with both a central venous and an arterial
catheter in situ, as is typical in clinical care where a symptomatic BSI may be related to either
catheter. The lack of focus on PACs may have been related to the shorter duration of PAC dwell
times compared to CVCs and perceived lower risk of infection (Maki et al., 2006). Clinically, PACs
are also often overlooked when considering the causes of bacteraemia; for example, when a
patient with both a CVC and an arterial line is suspected of having a BSI, it is common practice in
most ICUs to culture the CVC tip only, thus this can potentially become the only laboratory proven
source of infection (Koh et al., 2008; Maki et al., 2006). Even the CDC „Guidelines for the
Prevention of Catheter-Related Bloodstream Infection‟ have described PACs as having low
infection rates and being “rarely associated with bloodstream infection” (p. 1283), no doubt
instilling in practitioners‟ minds that that the CVC is the only major concern in acquiring a BSI
(O'Grady et al., 2002).

The past decade‟s developments with quality care improvements have now significantly reduced
the CRBSI rates associated with CVCs. For example, CLABSIs in the USA reduced from 43,000 to
18,000 annual cases over the period 2001 to 2009: a 58% reduction (The Joint Commi ssion,
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2012). Perhaps in part due to these reductions, recent research data highlights that PAC-BSI and
CVC-BSI rates are now essentially comparable (Khalifa et al., 2008; Koh et al., 2008; Maki et al.,
2006). PACs should be accorded the same degree of scrutiny as the CVC as a potential source of
infection, and novel practice-based and technology-based preventative strategies are equally
deserving of attention (Maki et al., 2006). This applies not only to clinical care, but also to ongoing
research investigating ways to prevent BSIs associated with PAC use.

2.2.8 Surveillance of peripheral arterial catheters
Government surveillance of infection, outbreaks and anti -bacterial resistance plays an essential
part in developing infection prevention and control policies (Raza, Kazi, Mustafa, & Gould, 2004).
BSI surveillance, particularly of MRSA-BSI and Staphylococcus aureus BSIs from ICUs is typically
included in such programmes (VICNISS, 2008). The CDC does not advocate the surveillance of
PAC associated infections (Maki et al., 2006). A recent ICU registry established in Australia in
2012 to collect data on CLABSIs includes CVC, but not arterial catheter, associated infections
(https://anzics-clabsi.registry.org.au/Login.aspx).

This

is

typical

of

international

surveillance

systems. Although the risk of PAC-BSI is recognised, PACs have not been included in most BSI
surveillance systems worldwide, presumably due to the perceived additional cost that would be
incurred (Lee, Chiu, Chow, Lam, & Lai, 2007).

2.2.9 Pathogenesis of PAC-BSI
The insertion of a PAC in an ICU patient is an invasive procedure that pierces the skin and can
introduce microorganisms into the patient‟s bloodstream, either at the time of insertion or during
subsequent PAC use. The surface of the catheter attracts the adhesion of plasma and fibrin,
allowing bacteria to become attracted to the catheter material and to develop a slimy extracellular
matrix (a biofilm), which further provides a reservoir for bacteria and a resistance for antibacterial
treatment (The Joint Commission, 2012). As seen in Figure 2.2, there are several potential
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sources of PAC-BSI including the patient‟s own skin flora, colonised catheter hubs from staff
hands, infusion of contaminated fluid, or microorganisms from infections in other body sites
reaching the catheter from the blood, so called „haematogenous spread‟ which can also occur from
translocated bacteria through the gut wall. Organisms can enter the patient‟s blood fro m the
catheter skin site or operator hands immediately during the insertion procedure, or through the
connections of the AS when staff handle the AS with non-aseptic technique or infuse contaminated
fluid (Rickard, Wallis, Courtney, Lipman, & Daley, 2002). See Figure 2.2 for an illustration of the
potential sources for contamination from intravascular catheters (Crnich & Maki, 2002).

Figure 2.2: Potential sources for intravascular device contamination
Source: (Crnich & Maki, 2002)

Post insertion, infection can occur from gradual migration of skin organisms from the insertion site
into the cutaneous catheter tract, or seeding of microbes from a pre-existing BSI onto the catheter
causing colonisation of the catheter tip (Maki, Stolz, Wheeler, & Mermel, 1997; Mermel,
McCormick, Springman, & Maki, 1991). According to O‟Grady et al. (2002a), the density of skin
flora existing at the intravascular catheter insertion site is a major risk for CRBSI, which justifies
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the need for skin decontamination not only prior to insertion, but also at intervals during the length
of the time the catheter is in situ, also called catheter dwell time. CRBSIs are typically associated
with colonisation of percutaneous vascular devices from not just the patient‟s skin but also the
catheter hub (Darouiche, Duncan, Ghannoum, Jarvis, Krystofiak, Rupp, Ryder, & Tapper, 2005 ).
The device hub of the PAC thus has the potential for infection through staff handling without
adequate hand hygiene, failure to decontaminate injection or blood sampling ports prior to use, or
the infusion of contaminated fluid. Since PACs have the highest levels of manipulation of any
indwelling vascular catheter (Maki et al., 2006), there are countless opportunities fo r hubs or fluids
to become infected during clinical use. Infusion fluids may be contaminated during the
manufacturing process, although this is thought to be extremely rare. More commonly, hospital
staff may contaminate the fluids during the preparation of additives or during the connection to
administration sets (AS) for use.

In the 1960s and 1970s, gram-negative organisms such as Klebsiella and Enterobacter species
were most frequently isolated from patients with nosocomial BSIs, at times due to manufac turing
contamination of fluids (Wisplinghoff, Bischoff, Tallent, Seifert, Wenzel, & Edmond, 2004). In the
1980s, Thomas et al. (1983) reported gram-positive organisms, with Staphylococcus epidermidis
as the most common organism cultured from PAC tips. The most common organisms isolated from
PACs in recent years have been the gram-positive cocci such as Staphylococcus epidermis and
Staphylococcus aureus, with a predominance of coagulase-negative staphylococci (CNS) (Lucet et
al., 2010; Traore, Liotier, & Souweine, 2005). As these organisms are preponderant on the skin,
being part of the normal commensal flora, it suggests that the patient‟s skin is the most likely
primary source of infection, coupled with the hands of health care workers.

CNS was identified as the most frequent pathogen associated with PAC -BSI by Esteve et al.
(2007) following an examination of 1038 PACs. An Australian study by Koh et al. (2008) also

24

identified CNS as the dominant colonising microorganisms from PAC tips. Despite being
commensal organisms of the human skin and mucous membranes, CNS can cause serious
infections, predominantly as biofilm-associated infections on indwelling medical devices, and are
now the most frequent cause of hospital-acquired infections (Queck & Otto, 2008). Many studies
have shown that CNS are the most common organisms that cause CRBSI. O‟Malley et al. (1994)
argued that contamination could be due to the routine change of AS by staff.

Infection can also occur when skin integrity is broken during catheter insertion and organisms that
are found naturally on the skin become pathogenic (Trim, 2005). The occurrence and rate of this
proliferation is dependent on microbial virulence factors, host factors, characteristics of the
catheter, and techniques of culture because standard laboratory methods rarely detect organisms
embedded in a biofilm (Crump & Collignon, 2000). In addition, adequate pre-insertion preparation
of the skin with a chlorhexidine in alcohol preparation is thought to provide not only immediate but
ongoing reduction in levels of microbial growth at the insertion site (O‟Grady et al., 2011).

2.2.10 Treatment of PAC-BSI
To date, there have been no randomised controlled trials that have evaluated treatments for
catheter-related infections in either central or arterial catheters. Many experts believe that even
BSIs identified as CNS should be treated with antibiotics despite the traditional interpretation of
CNS growth as an indication of blood culture contamination rather than true infection (Mermel et
al., 2001). CRBSI infections frequently occur in patients who have already been in the hospital for
longer periods, which exposes them to infections caused by multi -resistant pathogens (Vincent,
2003). Because of the rising prevalence of resistance to penicillin, experts have been forced to
turn to vancomycin as the suggested approach from the Hospital Infection Control Practice
Advisory Committee (HICPAC) for the treatment of critically ill patients (Nichols & Raad, 1999).
Queck and Otto (2008) suggest that CRBSI should be initially treated with vancomycin followed by
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a semisynthetic penicillin if the isolate is susceptible. If the causative organism is identified as a
gram-negative bacilli, Staphylococcus aureus, enterococci, fungi, or mycobacteria, antibiotic
therapy is given for a period of four to six weeks after removal of the PAC (Mermel et al., 2009).

2.2.11 PAC-BSI associated morbidity and mortality
CRBSI remains the leading nosocomial infection in ICU patients (Brun-Buisson, 2001; Maki et al.,
2006) and can be associated with significant incidence of morbidity and mortality. Wenzel a nd
Edmond (2001) estimated health care associated BSIs to be the seventh overall leading cause of
death in the USA. However, because PAC-BSI occurs in already critically ill patients with multiple
co-morbidities, directly attributing mortality to the condition is difficult. Debate exists in the literature
as to how much of the mortality associated with CRBSIs is attributable mortality (Maki et al., 2006).
Nevertheless, from studies in the USA, attributable mortality of CRBSI i n CVCs appears to be
around twelve per cent (Klevens, Edwards, Richards, Horan, Gaynes, Pollock, & Cardo, 2007;
Wisplinghoff, Cornely, Moser, Bethe, Stutzer, Salzberger, & al, 2003). This translates to
approximately 4,000-5,000 ICU patients dying annually of CRBSI in the USA (Mermel et al., 2001;
Vincent, 2003). Mortality rates associated with CRBSIs are based mainly on assumptions since
published studies are not consistent, and it is difficult to ascertain the effe ct of the multiple
confounding factors that exist in such extremely ill and heterogeneous patients (Tacconelli et al.,
2009). Studies undertaken in four European countries reported mortality statistics of 1,000 to 1,584
patients per year (results aggregated for CVCs and PACs) (Mermel, 2000; Tacconelli et al., 2009).
Although data on the mortality rate of PAC-BSI in Australia are lacking, the rate is likely to be
comparable to that of CVCs in Europe. Specific analysis for PAC -BSI rates is not available. PACBSI has been highlighted as requiring a more serious focus as a source of increased morbidity and
mortality in the critically ill (Koh et al., 2008).

26

2.2.12 Resource implications of PAC-BSI
CRBSIs occurring in the ICU are expensive, and there is no doubt that these infections are
associated with increased treatment costs and prolonged hospital length of stay (Maki et al., 2006;
Pronovost et al., 2006). Increased length of hospital stay caused by a CRBSI has variously been
estimated as between 10 and 20 days (Maki et al., 2006) or up to 40 additional days (Mermel,
2000). Estimated costs attributable to CRSBI associated with CVCs in ICUs have varied
considerably. A decade ago, a South American study calculated costs of CRBSI to be US $4888
per patient (Rosenthal, Guzman, Migone, & Crnich, 2003). Higher costs were reported in the USA
of $6005-9738 per CRBSI (Saint, Veenstra, & Lipsky, 2000). Higher costs of US $35,000 per
infection (Mermel, 2000), and US $56,000 per episode (Maki et al., 2006) have been reported.

Overall, reports of the additional financial burden to the health care system caused by CRBSI have
varied between US $60 to $460 million (Mermel, 2000) to US $2.3 billion (Pronovost et al., 2006)
annually in the USA. For its purposes, the CDC recently set the cost of each CLABSI at US
$16,550 (CDC, 2011) . Differences in health care billing costs and system variation between
countries and within countries over time likely explains some of the variation in costs (The Joint
Commission, 2012). Nevertheless, there are substantial financial benefits in preventing PAC -BSIs
in any country.

Costs specific to CRBSI in PACs are rarely provided, but it is likely that the financial cost for
treating PAC-BSI is similar to that of CVC-BSI. This is a major financial burden on the health
system and broader society, which can be used to justify the cost of implementing prevention
measures. CRBSI represents a serious safety and quality health care problem with significant
medical and economic ramifications for health care systems (Tacconelli et al., 2009). In an
increasingly economic-focussed health care system, the clinical and economic benefits of
preventing CRBSI must be weighed against any increased cost of preventative interventions
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(Dimick, Pelz, Consunji, Swoboda, Hendrix, & Lipsett, 2001).

2.3

Administration sets and their replacement

2.3.1 Overview, definitions and history of administration sets
Disposable, plastic administration sets (AS) for venous and arterial catheters were developed in
the 1940s to replace reusable rubber tubing (Weinstein, 2000). Shortly thereafter, AS became
commercially available and are now extensively used in the ICU and other settings such as the
operating theatres, cardiac care units and emergency units.

The CDC defines the AS as the system of tubing entering the fluid container to the hub of the
vascular access device (O'Grady et al., 2002). An AS includes a spike, drop orifice, drip chamber,
tubing, pressure transducer and clamp (Macklin & Chernecky, 2004), as illustrated in Figure 2.3
(Josephson, 2004). The spike has a flange that pierces the solution reservoir, which may or may
not contain an air vent. The drip chamber is located just below the flange of the spike and is
connected to the AS which can vary in flexibility, clarity, length and internal diameter, depending
on the manufacturer. The AS ends at the intravascular catheter connection with a Luer lock
connection (Wolf, Hicks, Altmiller, & Bicknell, 2009). The exact number of AS used annually in
arterial lines in critically ill patients is not known; however, approximately six million PACs are
inserted placed yearly in the USA (Gowardman et al., 2010) and at least 400,000 each year in
Australia, so the actual number of AS used is projected to be well above these figures.
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Figure 2.3: The components of an administration set
(Josephson, 2004).

The flush solution (also called flush bag) is usually 500 ml of 0.9% sodium chloride solution,
possibly with additional low-dose heparin depending on the individual ICU protocol. The solution is
attached to the transducer and PAC via the AS. The flush bag is inserted into an inflatable
pressure sleeve, which is then pumped up to a pressure of 300 mmHg to enable a continuous flow
of about 3 ml/hr of solution to prevent arterial blood from tracking up and or blocking the catheter
or the line (O'Malley et al., 1994). The AS for arterial or central venous pressure monitoring differs
from the AS used for intravenous infusion in that the line contains a pressure transducer, flushing
device, and blood sampling port (See Figure 2.4). The pressure transducer is a sensor device that
identifies fluid pressure within the artery and converts the pressure wave into an electrical signal
(Vaughan & Hunt, 2011) via the fluid-filled AS, which transmits the pressure wave from the

29

cannulated artery to the pressure transducer (Pacheco, Suarez, Bukowski, & Hankin, 2008). The
electrical signal transmitted to the monitor is amplified and displayed as an analogue waveform
and digital output (McGhee & Bridges, 2002). The transducer not only monitors pressure changes,
but provides a port for obtaining blood gas samples and maintaining the accuracy of the blood
pressure readings through the ability to calibrate to atmospheric and hydrostatic pressures
(Pacheco et al., 2008). Blood pressure monitoring systems are assembled and calibrated by
experienced nurses in the operating theatre and ICU. Intra-arterial blood pressure monitoring
enables nurses to constantly assess physiological function in critically ill patients, and therefore
requires competent skilled nurses to interpret arterial waveforms and make clinical judgements. In
addition, nurses have a crucial role to play in the maintenance, accuracy and protection of patients
from complications of having an arterial catheter in situ.
Figure 2.4: Components of intra-arterial infusion pressure monitoring
(McGhee & Bridges, 2002).

2.3.2 Complications of administration sets for PACs
There are a number of potential complications associated with the use of AS for arterial catheters.
These include failure to detect a haemodynamic waveform, disconnection, leaking, and infection,
both localised and bloodstream. A leak or crack in the AS may contribute to other complications
30

such as a haematological event (Durie, Beckmann, & Gillies, 2002), including hypotension or
haemorrhage. AS are handled frequently by nurses and doctors for arterial blood gas sampling,
and so the likelihood of contamination of the AS, infusate fluid, and hub is high.

Concern about contamination of medical devices for haemodynamic monitoring began during the
early 1970s due to nosocomial primary bacteraemia outbreaks in the USA resulting from extrinsic
contamination of blood pressure monitoring devices (Aduan, Iannini, & Salaki, 1980). In the 1970s,
the contamination of intravascular devices due to intrinsic contamination led to an epidemic of 150
bacteraemias and 9 deaths in the USA (CDC, 1997) . Intrinsic contamination is microbial
contamination introduced during the manufacturing process (Rickard et al., 2004b) and is now
thought to be almost non-existent due to improved manufacturing processes.

Early outbreaks of BSIs also resulted from improperly sterilised reusable transducers (Donowitz,
Marsik, Hoyt, & Wenzel, 1979). Reusable transducer domes were washed with soap and water,
rinsed with 70 per cent alcohol and, if used for more than 72 hours, sterilised with ethylene oxide
gas (Band & Maki, 1979b). This type of outbreak was promptly terminated by the i ntroduction of
disposable transducer domes in 1977 and adherence to stringent guidelines for the care of blood
pressure monitoring devices (Aduan et al., 1980). Problems associated with cleaning and
sterilising have also been eliminated due to single-use disposable transducers (Gardner, 1990).
However, extrinsic contamination can still occur by staff inadequately decontaminating their hands
or work surfaces prior to accessing, connecting, and replacing transducers including the AS.
Extrinsic (post-manufacturer) contamination is when the infection occurs from microorganisms
originating outside the patient‟s body that are introduced during the use of devices (Lavery, 2005).

Given vast changes in haemodynamic monitoring technology and practices over the past few
decades, modern studies that use current practices specific to arterial catheters and devices are
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needed. Of particular importance is the need to ascertain the optimal duration for use of AS for
PAC, particularly beyond 96 hours (Gillies et al., 2005).

2.3.3 Policies of routine administration set replacement
In response to the epidemics of CRBSI in the early 1970s, the CDC recommended that AS and all
other components for IV therapy for intravenous therapy should be routinely replaced every 24
hours (CDC, 1997). These recommendations were gradually extended, and in 2002 the CDC
changed their guidelines to recommend that AS for all types of devices should be replaced “no
more frequently than every 72 hours” (CDC, 2002, p. 13). In 2011, the CDC extended this
recommendation to replacement of AS “…no more frequently than every 96 hours but at least
every seven days” (O‟Grady et al., 2011, p. 19). This most recent recommendation is based on
only three studies (Gillies et al., 2005; Josephson, Gombert, Sierra, Karanfil, & Tansino, 1985;
Sitges-Serra, Linares, Perez, Jaurrieta, & Lorente, 1985), all of which focused on intravenous
catheters rather than arterial catheters. In all versions of the CDC guidelines, there are no specific
recommendations of AS replacement for arterial catheters; rather, the guidelines are general
recommendations to include all types of intravascular catheters, despite the lack of data on AS
replacement in arterial catheters.

Apart from the CDC guidelines from the USA, various recommendations from other countries and
states are in use. In Australia, the New South Wales Health Department Guidelines on Nursing
Management of Arterial Catheters for Critically Ill Patients recommend that AS for haemodynamic
monitoring should be changed as necessary and at a maximum of 96 hours (NSW Health, 2007).
The UK recommendation for AS replacement for intravascular catheters is every 72 to 96 hours
(Bishop, Dougherty, Bodenham, Mansi, Crowe, Kibbler, Shannon, & Treleaven, 2007 ), and the
Intravenous Nursing New Zealand guidelines recommend AS for haemodynamic monitoring be
changed every 96 hours or sooner if contamination is suspected or the integrity of the product or
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system is compromised (O'Hara, Lennox, Kunac, Laidlow, & Chua, 2012). Why the guidelines vary
is difficult to understand because they are all based on published studies. The lack of consistency
can lead to uncertainty for clinicians.

2.3.4 Resource implications
The nursing procedure of routine AS replacement requires not only the actual procedure to be
performed, but also the planning and documentation of the procedure, and the preparation of
equipment. There are no specific studies assessing how many minutes the AS replacement
procedure for a PAC takes, or the total cost of equipment used. Some ICUs require two
experienced nurses to perform an AS replacement procedure in patients with a PAC, where one
nurse needs to compress the artery to prevent bleeding while the other nurse undertakes the AS
change, thus significantly adding to workload, time for the procedure, and associated cost.

In addition to workload costs, the AS replacement procedure requires disposable items including a
sterile AS and dressing pack, chlorhexidine swabs, and sterile gloves. The cost of these
disposable items is significant; hence, a change of AS replacement from four days to seven days
would reduce this cost considerably. In Australia, infectious hospital waste costs approximately
one dollar per kilogram, which is tenfold that of non-infectious or general waste (McGain, 2010).
Therefore, decreasing the frequency of AS replacement for PACs would also reduce the cost of
appropriately disposal of infectious hospital waste.

The frequency of AS replacement for PACs has an impact on health care expenditure (Muder,
2001). Cost evaluations undertaken in Australia in 2004 estimated every single replacement of AS
for a CVC in an ICU patient cost up to AUD $300 (Rickard et al., 2004b). NSW Health guidelines
(2007) reported the cost of changing the flush solution for haemodynamic monitoring every day
was $1.38, which did not include the cost of nursing time. If, for example, the flush bag and AS
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were left in situ for seven days (the outer limits of the CDC guidelines), there would be significant
cost savings per annum. O‟Malley et al. (1994) reported changing their hospital policy by extending
the replacement of the pressure monitoring system from 48 to 72 hours, which resulted in a cost
saving of US $167,500 per year. This evidence supported no routine change of the AS at all for
PACs in place for more than four days, which indicated an additional saving of US $52,000 per
annum without any compromise to patient care and safety (O'Malley et al., 1994).

2.3.5 Research into the duration of PAC administration set use
A literature search using the databases MEDLINE, CINAHL and Scopus was performed to access
relevant studies and found only eleven studies conducted to explore the optimal duration of AS
use for PACs. These were seven cohort studies (Band & Maki, 1979a; Band & Maki, 1979b;
Ducharme, Gauthier, Lacroix, & Lafleur, 1988; Maki & Hassemer, 1981; Maki & Ringer, 1987;
O'Malley et al., 1994; Shinozaki, Deane, Mazuzan, Hamel, & Hazelton, 1983) and four RCTs
(Covey, McLane, Smith, Matasic, & Holm, 1998; Franceschi, Gerding, Phillips, & Fratianne, 1989;
Luskin, Weinstein, Chamberlin, & Kabins, 1986; McLane, Morris, & Holm, 1998). The studies were
published between 1979 and 1998, and compared various durations of AS use from 24 to 192
hours (eight days). The majority of these studies were conducted in the USA, with one conducted
in Canada.

Of these eleven studies, most investigated shorter AS durations (24 to 72 hours) with one study
examining AS duration of more than 96 hours (Luskin et al., 1986). Two cohort studies evaluated
the use of a single AS that remained with the PAC until its removal (Ducharme et al., 1988;
O'Malley et al., 1994). Mean PAC in situ times were 59 hours in Ducharme et al.‟s (1988) study,
which examined 70 PACs in 68 paediatric ICU patients, while PAC in situ times were more than 96
hours in O'Malley et al.‟s (1994) study, which examined 333 PACs in 101 adult ICU patients.
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The RCT conducted by Luskin et al. (1986) examined the longest time frames for duration of the
AS, with data from 120 adult ICU patients comparing AS replacement every two days (48 hours)
versus AS change at four days (96 hours) to eight days (192 hours). The group with AS changed
every two days had 62 patients, the group with AS changed at four days had 19 patients, and
there were 39 patients in the eight day group. Table 2.1 presents comparative data for studies that
examined the duration of AS use for PACs.

Unlike CVCs, PACs are not included in most national infection surveillance systems, although they
can be associated with CRBSI (Marschall et al., 2008). This may be why routine AS replacement
for PACs has been of less interest for research compared to CVC oriented studies. Despite the
ubiquitous use of PACs, the practice of AS replacement frequency has received scant evaluation,
particularly in relation to infection risk. AS replacement for PACs continues to be scheduled as a
routine practice in most ICUs worldwide. Evidence regarding the impact of extended AS
replacement beyond four days is needed.
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Table 2.1

Research into the duration of AS use for PAC

Author/s
Band & Maki, 1979a

24hr

48hr

72hr

X

X

X

Band & Maki, 1979b

X

Maki & Hassemer, 1981

X

Shinozaki et al., 1983

X

Luskin et al., 1986

X

Maki et al., 1987

X

Ducharme et al., 1988

96hr

120hr

192hr

X

X

X

AS remained unchanged until PAC removed
(mean: 59 hr)

Covey et al., 1988

X

X

Franceschi et al., 1989

X

X

O‟Malley et al., 1994

McLane et al., 1998

AS remained unchanged until PAC removed
(catheter in place for more than 72hr)
X

X

2.3.6 Outcome measures used in previous research
Outcome measures in previous studies have consisted of several primary and secondary outcome
variables used to estimate the infective impact of different durations of PAC-AS use. Table 2.2
shows the variety of primary and secondary outcome measures used. Most previous studies used
AS infusate colonisation as the primary outcome variable, paired with infusate re lated bloodstream
infection (IRBSI). The infusate samples were obtained from various part of the AS including
transducer domes, flush solution or the proximal stopcock.

The incidence of catheter colonisation and CRBSI were also frequently measured (Band & Maki,
1979a; Covey et al., 1998; Luskin et al., 1986; Maki & Hassemer, 1981; Maki & Ringer, 1987;
McLane et al., 1998; O'Malley et al., 1994; Shinozaki et al., 1983).
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Of the eleven previous studies, almost all reported infusate and catheter colonisation although
some did not report the associated infusate-related bloodstream infection (IRBSI) and PAC-BSI
rates (Franceschi et al., 1989; McLane et al., 1998; Shinozaki et al., 1983). This was despite their
inclusion in the methods as the primary or secondary outcomes which the Cochrane Collaboration
suggests causes a high risk of bias (Higgins & Green, 2008). Although of interest, infusate
colonisation is a surrogate endpoint and does not necessarily indicate any negative clinical
outcome. In addition, positive cultures may indicate researcher contamination rather than truly
contaminated circuits.
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Table 2.2

Research into AS use by primary and secondary outcomes
Colonisation

Infection

Author/s
Infusate
Band & Maki, 1979a

Stopcock

X

Catheter

Skin

X

Band & Maki, 1979b

IRBSI

CRBSI

X

X

X

Maki & Hassemer, 1981

X

Shinozaki et al., 1983

X

Luskin et al., 1986

X

Maki et al., 1987

X

Ducharme et al., 1988

X

Covey et al., 1988

X

Franceschi et al., 1989

X
X

X

X
X

X

X

X
X

X

X

X

X

X

X

X

X

O‟Malley et al., 1994

X

X

McLane et al., 1998

X

X

X
X
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2.3.7 Results of previous research
Observed infection outcomes vary, with infusate colonisation rates of 0–12% reported (Covey et
al., 1998; Ducharme et al., 1988; Luskin et al., 1986; Maki & Hassemer, 1981; McLane et al.,
1998); catheter colonisation rates of 0–18% (Band & Maki, 1979b; Ducharme et al., 1988);
infusate-related bloodstream infection (IR-BSI) rates of 0-8% (Covey et al., 1998; Ducharme et al.,
1988; Luskin et al., 1986; Maki & Hassemer, 1981; McLane et al., 1998); and CRBSI rates of 0–
4% (Band & Maki, 1979b; Covey et al., 1998; Ducharme et al., 1988; Maki & Hassemer, 1981;
McLane et al., 1998).

Table 2.3 displays colonisation and infection rates by duration of AS use. One study (McLane et
al., 1998) had zero per cent IRBSI and CRBSI outcomes despite reporting a high incidence
(43.5%) of stopcock colonisation. Three studies (Band & Maki, 1979a; Maki & Ringer, 1987;
O'Malley et al., 1994) aggregated the results for two or three types of intravascular catheters, thus
findings from PACs were not specified.

Luskin et al. (1986) and O‟Malley et al. (1994) independently concluded that the AS for an arterial
catheter need not be changed routinely since this may cause higher incidence of infusate
colonisation due to increased violations of the pressure moni toring system. Although the
respective sample sizes were small, limiting the confidence in effect size and generalisability of the
results, these results supported extending routine AS replacement to 96 hours. These findings also
provided some support for the CDC guidelines, which recommend AS replacement no more
frequently than 96 hours but at least every seven days (O‟Grady et al., 2011). The authors
concluded that the replacement of AS including disposable transducers could be safely extended
to four days. However, given only 39 patients were observed for more than 96 hours (Luskin et al.,
1986); this is in stark contrast to the CDC‟s recommended upper limit of „at least every 7 days‟ .
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Given the vast changes in intra-arterial pressure monitoring technology, practices, and ICU patient
populations over this time, it is highly questionable whether the results of the existing studies
would be generalisable to contemporary practice. Furthermore, the CDC references intravenous
studies as the basis for its recommendations for AS replacement (O‟Grady et al., 2011). However,
as the AS for arterial catheters are handled much more frequently than the AS for central venous
pressure monitoring, being both for pressure monitoring and blood sampling, the possibility
extrinsic contamination of AS in arterial catheters may be much higher than for CVCs. The lack of
rigorous research and evidence regarding AS replacement for arterial catheters to support
appropriate guidelines and clinical practice is of concern.

2.4

Theoretical framework for PAC administration set replacement

The theoretical framework for AS replacement for PAC, based on the literature review, is now
presented. When embarking of a test of an intervention, it is important to consider the potential
physiological and clinical processes that may make it likely to have an effect. As such, it must be
reflected upon as to not just when AS for PACs should be changed, but also how this may be a
desirable and effective practice. The theoretical framework for this study describes the concepts of
pathogenesis of PAC-BSI in relation to the theoretical effect of two different timeframes for AS use,
one longer and one shorter in duration.

Clearly, since practitioners, and guideline developers already practice regular replacement of AS,
they must theorise that limiting the time for AS use causes a reduction in infection risk for patients
with PACs. It is thus hypothesised that the theoretical model at work is that to replace AS at set
time points will cause a break at some point in the process of the pathogenesis of PAC infection.
At the outset, when AS are provided by the manufacturer, they can be assured of being sterile and
therefore of no infection risk to patients. Once taken from the packaging and used for patient care
there are numerous opportunities for the AS to become contaminated with bacteria or fungi, and
these may go on to enter the PAC and then the patient‟s bloodstream (Maki, 1994). In the first
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instance, when staff connect the AS to the PAC they may contaminate the set with
microorganisms from their hands, the patient‟s skin or from the environment e.g. the bedclothes.
While in use, AS are accessed many times every day by the ICU nursing staff to take blood
samples (commonly blood gases), to „zero‟ the transducers to calibrate the blood pressure
reading, or to replace the IV flush bag when this becomes empty. Each access means the sterile
circuit is broken and a potential pathway for microorganism entry is formed. Because hand hygiene
and set decontamination (cleaning connectors with antiseptic solution prior to disconnection or
use) are not always performed properly by ICU staff, and because these are performed as a nontouch technique, not a true sterile technique, it is unlikely that the AS will always remain free of
microbes. So it appears a rationale argument that AS can become contaminated during use and
are no longer sterile as when first opened from the manufacturer‟s packaging.

The next proposition is that by routinely replacing AS, it is possible to replace contaminated sets
with sterile ones, and therefore remove the infection potential. This appears to be the underlying
hypothesis for how the intervention of AS replacement is thought to work. Not all commentators
have agreed with this hypothesis (Ducharme et al., 1988; O'Malley et al., 1994). These authors
promote an alternate hypothesis, and this is that AS comprise closed sterile fluid pathways and
that it is actually preferable to not disconnect AS to perform a routine replacement. They believe
that this is in fact the better approach to prevent pathogenesis of PAC infection.

This argument also has logic because the very act of disconnecting the AS in order to routinely
replace it provides another time point where the set may become contaminated (Ducharme et al.,
1988). It is also argued that if a set is contaminated by virulent bacteria, infection will swiftly follow,
typically within 24 hours (Luskin et al., 1986). That is, by the time of the Day 4 replacement,
bacteria entering the circuit on the previous days will have already entered the bloodstream, and
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therefore by Day 4 there would be no logic in AS replacement preventing this from happening
(Ducharme et al., 1988).

From the literature it appears that there are three possible ways in which the intervention of AS
replacement at regular intervals by nurses may impact on PAC infection for patients. These are as
follows:

(a) Sterile AS are connected from the manufacturer and remain sterile (they are not contaminated
by staff on connection or use (Ducharme et al., 1988)
In this case, routine replacement of AS would be unnecessary or potentially introduce
microorganisms to the set. The more often that routine AS replacement occurs, e.g. every 4
instead of 7 days, the more times that contamination could occur;

(b) Sterile AS are connected from the manufacturer and are contaminated by staff on connection
or access, leading to patient infection (Luskin et al., 1986)
In this scenario, routine replacement of AS may have a beneficial effect – but only if this happens
before bacteria/fungi are infused into the patient’s blood;

(c) Sterile AS are connected from the manufacturer and are contaminated by staff on connection
or access, but this does not lead to patient infection because too few organisms gain entry, or
they do not find the AS conditions suitable to multiply, so they die and the AS becomes sterile
again (Maki, 1994);
In such a circumstance, routine AS replacement has no effect on patient infection.

On the basis of the above, it seems unlikely that routine AS replacement, even daily, would be
likely to interrupt the pathway of pathogenesis of PAC -BSI infection. It is probable that there is a
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multi-factorial pathway, in which some sterile sets may be replaced with contaminated ones, and
some contaminated sets with sterile ones. The various scenarios outlined could all potentially
occur during the life of the same PAC, since PACs may be used for over a week, yet AS
replacement happens more frequently. So the overall effect of the i ntervention may be a nil effect that is any positive effect is likely to be removed by the equal chance of a negative effect.
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Table 2.3

Results of research studies by duration of AS use

Author/s
Band & Maki, 1979a

24 hours

48 hours

72 hours

96 hours

Unable to separate results for PAC

Band & Maki, 1979b

18% CC

Maki & Hassemer, 1981

12% IC

4% CRBSI
8% IRBSI
2% CRBSI

Shinozaki et al., 1983

The results reported based on the duration of catheterisation instead of the duration of AS used for PAC

Luskin et al., 1986
Maki et al., 1987

0% IC

0% IRBSI

5.1% IC

1.7% IRBSI

Unable to separate results for PAC

Ducharme et al., 1988

0% CC

0% IRBSI

0% IC

0% CRBSI
11.4%
phlebitis

Covey et al., 1988

Franceschi et al., 1989
O‟Malley et al., 1994

0% IC

0% IRBSI

0% IC
0% CRBSI
The raw data for the numbers of per catheter or numbers per patients were not reported
Unable to separate results for PAC

McLane et al., 1998

0% IC

0% IRBSI

0% IC

0% IRBSI

11.5% SC 0% CRBSI 43.5% SC 0% CRBSI
CC = catheter colonisation IC = infusate colonisation IRBSI = infusate-related bloodstream infection
CRBSI = catheter-related bloodstream infection
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2.5

Conclusion

This chapter has summarised

the

existing literature and concepts surrounding arterial

catheterisation and the frequency of AS replacement, and has highlighted a number of gaps in the
knowledge related to this common nursing procedure. The majority of existing studies are outdated with the most recent published in 1998. Intra-arterial technology and practice has changed
greatly over this period, and it is important to evaluate relevant interventions in contemporary
clinical settings. Limitations of existing research into the duration of AS use for PACs includes
factors such as the durations examined have been relatively short, (only up to 96 hours), sample
sizes are small and unlikely to detect differences between groups should they exist, and there is
currently no existing systematic or narrative review on this topic to synthesise knowledge to date.
The current CDC guidelines are based upon limited and out-dated data. The need for high quality
evidence on the impact of extended PAC AS use beyond four days in the form of RCTs is urgently
required. A rigorous systematic review of the existing literature is the first step in this process to
ensure a well-informed and appropriately designed protocol to address key gaps in the literature.
Systematic reviews are now considered the gold standard methodology in synthesising and
appraising evidence to inform research or clinical practice, particularly when this involves
assessing the effectiveness of an intervention to test the safety of various durations for AS
replacement. Chapter three outlines the methods and procedures used to undertake a systematic
review of AS replacement for PACs.
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CHAPTER 3: METHODS
3.1

Introduction

This chapter represents the first phase of the research programme. It will discuss the methods a nd
procedures for conducting a systematic literature review to evaluate the current evidence for the
optimal duration of routine replacement for administration set (AS) used with peripheral arterial
catheters (PACs). Methods used for the second phase will be outlined in Chapter 5 following
reporting of results of the systematic review in Chapter 4.

The chapter begins with a discussion of the nature and purpose of systematic literature reviews,
followed by the specific aims of this systematic review. Methods used include: search methods for
identification of studies, types of studies and participants, details of interventions, outcome
measures, criteria for the selection of studies and assessment of methodological quality and, data
extraction and analysis. The chapter will conclude with a justification for conducting a systematic
literature review as a research methodology for this research programme.

3.2

Overview of systematic reviews

Systematic reviews constitute a methodology that adheres to explicit and rigorous methods to
identify, critically appraise, and synthesise relevant primary studies (Clark & Ohlsson, 2003) that fit
pre-specified eligibility criteria in order to answer a specific research question (Green, Higgins,
Alderson, Clarke, Mulrow, & Oxman, 2008). A systematic review is also referred to as „secondary
research‟ or „research on research‟ that aims to establish the state of existing knowledge (Clarke,
2011). Systematic reviews differ from traditional literature reviews in that they adhere to a rigorous
scientific design to minimise the risk of bias and ensure reliability (Droogan & Song, 1996), thereby
enabling the replication of the findings (Hemingway & Brereton, 2009). Systematic reviews are
increasingly used as a method for mapping areas of uncertainty, and identifying where little or no
research has been done, but where new studies are needed (Petticrew & Roberts, 2006). Thus,
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systematic literature reviews have increasingly replaced traditional narrative reviews and expert
commentaries as a way of summarising research evidence (Hemingway & Brereton, 2009).

Systematic literature reviews are a powerful tool for documenting knowledge gaps in evidence
(Schlosser, 2006). Undertaking a rigorous systematic review requires knowledge and skills in
several key areas, such as searching the literature efficiently for the best and most current
evidence, as well as knowledge and skills in the critical appraisal of the evidence (Schlosser,
2006). This process requires the development of a coding protocol and manual in which all the
categories of data that are to be extracted from primary studies are listed and defined (Schlosser,
2006).

Systematic reviews appear at the top of the hierarchy of evidence that informs evidence -based
practice (EBP) when assessing clinical effectiveness (NHMRC, 2009) as illustrated in Figure 3.1
(Polit & Beck, 2012). According to Schlosser (2006), EBP should involve the integration of o nly the
best and most current research evidence. Systematic reviews therefore require meticulous
integration of research evidence from primary studies (Polit & Beck, 2012). In this way, systematic
reviews replace primary research as the direct source of evidence (Evan & Pearson, 2001) and
are essential in the development EBP protocols to be used in practice. Thus, systematic reviews
are described as the most reliable source of evidence to guide clinical practice and further
research (Clarke, 2011).
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Figure 3.1. Level of evidence hierarchy
(Polit & Beck, 2012)

Systematic reviews play an important role in the development of EBP in health care because they
derive evidence from multiple populations, situations and circumstances (Evan & Pearson, 2001).
The utilisation of EBP increases the quality of care, and aims to bridge the gap between discovery
of knowledge in health care and the time that this knowledge is applied in practice (Droogan &
Song, 1996; Schlosser, 2006). Thus, systematic reviews provide the best available evidence for
preparing practice guidelines, informing policy-making, and identifying areas for further research
(Clarke, 2011). Despite the existence of several thousand systematic literature reviews of health
care interventions, including a Cochrane review on intravenous AS replacement (Gillies,
O‟Riordan, Wallen, Morrison, Rankin, & Nagy, 2011), currently there is no existing published
systematic review of AS replacement for arterial catheters.
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3.3

The features of systematic reviews

The Cochrane Collaboration, a leader in the production of systematic reviews (Clarke, 2011), has
identified the following key features of a systematic literature review:
 clear aims with pre-determined eligibility and relevance criteria for studies
 transparent, reproducible methods
 rigorous search strategy designed to locate all eligible studies
 an assessment of the validity of the findings of the included studies
 a systematic presentation and; synthesis of the findings of included studies (Higgins &
Green, 2008).

Once a review is completed, an analysis of all the collated data called a meta-analysis is
undertaken. However, not all systematic reviews are suitable for meta-analysis, nor should they be
(Schlosser, 2006). A meta-analysis refers to a statistical summary of the findings of independent
studies (Glass, 1976). The strategies used in meta-analyses potentially present more precise
estimates of the effect of interventions because they minimise the effect of bias and random error
(Clarke, 2011). Increased power and enhanced precision are the advantages of a meta-analysis
and so are important considerations in EBP (Polit & Beck, 2012). Polit and Beck (2012) indicate
that where there are variations within and across studies that is, heterogeneity a meta-analysis
may not be appropriate.

3.4

Limitations of systematic reviews

Despite the numerous benefits of systematic reviews, they are not without limitations. Systematic
reviews aim to be as comprehensive and unbiased as possible to avoid reaching incorrect or
misleading conclusions that could arise from a biased review process or from a biased selection of
studies included in the review (Polit & Beck, 2012). Accessing and identifying as many relevant
studies as possible achieves minimisation of the risk of bias. In the context of a systematic review,
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bias is defined as the systematic deviation from the truth, which then distorts the result. However,
the rigour of systematic reviews may also be compromised by the incompleteness of reporting in
the original research (Bennet, Lubben, Hogarth, & Campbell, 2005). Error and bias in the included
studies, failure to publish the results of completed research projects, or failure to include relevant
data in reports, can lead to publication bias influencing the results of the systematic review.
According to Polit and Beck (2008), publication bias occurs because authors tend to refrain from
submitting reports with negative (non-significant) findings. Publication bias has been described as
a major threat to the validity of the meta-synthesis and/or meta-analysis within systematic reviews
if not all of the primary findings are available or known (Clarke, 2007). To minimise publication
bias, it is important to locate all published studies on a particular subject by searching electronic
databases using appropriate key words. This is the best means of ensuring that all available
literature has been retrieved. This also enables the authors conducting the systematic review to
contact the authors of published articles to obtain additional information and/or data about their
research findings.

3.5

Aims of the systematic review

The aims of this systematic review were to synthesise the existing quantitative research studies
into the optimal duration of AS use for PACs to prevent infective outcomes. It was the intention to
identify and critique all relevant studies both published and unpublished so as to provide a
complete and rigorous review of the current state of the body of evidence. It was the intent of the
review that this evidence would then inform the design of a subsequent experimental study to
further understand frequency of AS replacement for PACs as a nursing intervention, so as to guide
clinical decision making.

50

3.6

Overview of methods

The methods employed in this review were designed to follow the process guidelines outlined in
the Cochrane Handbook for Systematic Review of Interventions. These are internationally
recognised as the highest standard for undertaking systematic reviews to inform evidence-based
health care (Higgins & Green, 2008). Even though this systematic review was not undertaken as a
registered review with the Cochrane Collaboration, by using the Cochrane methodology it used
accepted and rigorous standards, and had the best possible likelihood of reaching valid
conclusions. The methods selected were likely to minimise bias in all aspects of the review,
including study identification, assessment of eligibility, extraction of data, statistical synthesis,
analysis and interpretation (Clarke, 2007). In the modern era of evidence based practice, the
Cochrane Review guidelines for systematic review ensure health care decisions are based on a
thorough understanding of systematically assessed and summarised research. This review was
published in its entirety and is included in this thesis as Chapter 4. There is a degree of
unavoidable overlap between the methods described in this chapter and in the published paper in
Chapter 4. Subsequent to completing this review, the lead author was invited to contribute to an
update of an existing Cochrane Review “Optimal timing for intravenous administration set
replacement”. The review update involved expansion of the scope of that review to include arterial
AS in addition to the existing intravenous review. The updated review is called “Optimal timing for
intravascular administration set replacement” and is included as Appendix 6.

3.7

The research question posed by the systematic review

As the first necessary step in undertaking a systematic review, a question needed to be structured,
both to focus the review, as well as to allow a detailed protocol to be designed for the methods of
the review. The review question was developed using the PICO format (Population, Intervention,
Comparison, and Outcome), to be:
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“In critically ill patients requiring a PAC, does any one duration of AS use, compared to any other
duration of AS use, reduce the risk of infection?”

3.8

Inclusion criteria for the systematic review

The inclusion criteria were: primary research studies reporting quantitative data; studies assessing
the effect of duration of AS use for PACs; and outcomes of PAC related infection, phlebitis, or
colonisation. Qualitative studies and narrative literature were not eligible. With the growing
demand for evidence based practice, quantitative studies particularly those using experimental
designs, are increasingly used to test the effectiveness of nursing interventions. Quantitative study
designs particularly randomised controlled trials (RCTs), are the gold standard for investigating the
cause and effect relationships underlying intervention efficacy (Polit & Beck, 2012). Thus this
systematic review included any published or unpublished RCT. In the absence of significant
number of RCTs, other research designs of an experimental and quantitative nature, such as nonrandomised clinical trials, before and after studies, and cohort studies, addressing the frequency of
AS replacement for PACs were sought.

More specifically, all research regarding hospitalised participants of any age (paediatric and adult
patients) with a PAC for continuous haemodynamic monitoring and blood sampling in place were
included in this systematic review. Research studies that examined the frequency of replacing AS
for PACs (either the replacement of AS in its entirety or components such as pressure monitoring
transducers and flush bag) were included in the review. Studies could either report the
comparative effect of two or more AS replacements, or outcomes associated with one particular
duration of AS use.
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3.9

Types of outcome measures

Outcome measures included PAC-related bloodstream infection (PAC-BSI), infusate-related
bloodstream infection (IR-BSI), phlebitis, stopcock colonisation (SC), catheter colonisation (CC),
and infusate colonisation (IC). The outcome measures were investigated to examine the
association between the frequency of AS replacement and the rates of infection. The definitions
used for these were those of the original authors. Data extraction for at least one outcome for
PACs alone (not combined with other vascular access device types) was required, by patient
(preferably) or catheter as the unit of measurement. This was necessary to allow the co nstruction
of comparative data tables.

3.10

Search methods for identification of studies

Clarke (2007) recommends that the search strategy for identifying relevant studies should be
explicit and included in the methods of the systematic review. A thoroug h and unbiased search
strategy search was undertaken to find all relevant published and unpublished studies to identify
the optimal interval of AS replacement for PAC. Studies were sought from several electronic
databases through Griffith University‟s library online service and from internet sites via the search
engines Google Scholar and Yahoo. The electronic databases searched were Medline, the
Cumulative Index to Nursing and Allied Health Literature (CINAHL), Scopus, and the Cochrane
Library. Searches were conducted in the databases using these publication date limitations:


Medline (1966 to October 2010)



CINAHL (1982 to October 2010)



Scopus (1966 to October 2010)



Cochrane Library (1960 until 2010)

The Cochrane Library database includes RCTs and systematic reviews, while The Cochrane
Database of Systematic Reviews contains more than 3,000 Cochrane systematic reviews (Clarke,
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2007). The Medline database does not index issues before 1966, and to minimise this problem,
different databases can be searched to increase coverage of journals. Theses and dissertation
databases were also searched for articles relevant to this systematic review. It is important to
search more than one database as articles in the electronic databases are not always well
indexed, and this can increase the likelihood of overlooking some relevant studies (Droogan &
Song, 1996).

The text word search terms were selected based on broad reading around the topic are, and by
examination of any previously identified articles that appeared to be likely to meet the inclusi on
criteria (Mulrow, Cook, & Davidoff, 1997). Due to budgetary constraints in this doctoral work (that
would not cover translation costs), the search was limited to papers written in the English
language. The search terms used were:

arterial catheters; h[a]emodynamic monitoring; intravenous therapy; intravenous infusion sets;
intravenous administration sets; frequency replacement; optimal intravenous set use; arterial
catheter; transducer; tubing; timing; device; duration; length; days; hospital stay; routine;
intravascular; haemodynamic monitoring; intensive care units; high dependency units; cardiac care
units; critical illness and infusion therapy.

Searching other resources
The search was limited not only to studies published in the indexed professional databases. „Grey
literature‟ unpublished research with limited distribution was accessed from annual reports,
conference proceedings, and unpublished dissertations through the search engines of Yahoo
(www.yahoo.com.au) and Google Scholar (http://scholar.google.com.au). Although „grey literature‟
is not included in standard bibliographical retrieval systems (Last, 1995), it can still provide
valuable evidence for a systematic review and help to overcome publication bias, whereby smaller
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studies with non-significantly different results between groups are less likely to be submitted or
accepted for publication in peer-reviewed journals.

3.11

Assessment of methodological quality

Research papers selected for retrieval were independently critiqued by the two reviewers for their
methodological validity, and risk of bias prior to inclusion in the review. Standardised critical
appraisal instruments were used for this, using the standard questions for RCTs outlined in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins & Green, 2008). See
Appendix 6. The methodological quality assessment involved the assessment of six features: (1)
sequence generation for the randomisation process; (2) allocation concealment; (3) blinding of
participants, personnel and outcome assessors to groups; (4) incomplete outcome data; (5)
selective outcome reporting; and, (6) other potential sources of bias for example analysis bias,
follow up bias or intervention bias. The extraction process was conducted by the researcher, as
well as a second reviewer (as required by the Cochrane methodology). After this independent
review, the reviewers met to compare the results. Any disagreement was resolved by consensus
and if this was not able to be resolved, the question was then referred to a third member of the
team (the principal PhD supervisor) for final resolution.

As the review ultimately evolved to include cohort studies, the methodological quality of these
studies also needed to be assessed in a systematic fashion. It is less common but equally
important for a quality assessment process to be undertaken on original observational research to
be systematically appraised and evaluated, as for RCTs (Mallen & Croft, 2006). However, few
validated approaches to this have yet been developed or published in the literature. In this study,
quality assessment of cohort studies was undertaken using The Newcastle-Ottawa quality
assessment scale which is only recently developed (Wells, Shea, O'Connell, Peterson, Welch,
Losos, & Tugwell, 2005), and is recommended by the Cochrane Handbook for critique of
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observational research (Higgins & Green, 2008). The Newcastle-Ottawa is an 8-item scale
developed by a collaborative partnership of The University of Newcastle, Australia, and The
University of Ottawa, Canada. Development of the tool involved a Delphi process with later
application and testing with refinements, but there is only minimal published evaluation to date of
its psychometric properties (Stang, 2010). The scale involves an evaluation of three domains of
study methodology: (1) the process used for selection of study participants (4 items); (2) the
comparability of any control groups used (for example, historical controls, 1 item); and, (3) the
quality of ascertainment of the actual exposure to the predictor variable (for case -control studies)
or the primary outcomes of interest (for cohort studies) (1-item) (Henderson & Brocklehhurst,
2007).

3.12

Data extraction and management

In this systematic review, the data extraction form to assess the retrieved RCTs was developed
using the Cochrane Handbook for Systematic Reviews of Interventions as a basis (Higgins &
Green, 2008). See Appendix 6. The extraction process was conducted by the researcher, as well
as the second reviewer. The reviewers independently extracted data on the study design, setting,
participants (including demographic and clinical characteristics), interventions (including both
primary and any co-interventions), study outcomes, findings, and authors‟ conclusions. The data
was then entered into Revman® the Review manager software released by Cochrane, and stored
in the Archie database. The included cohort studies were synthesised under the following
headings: study design, sample, research setting, participants (including demographic and clini cal
characteristics), duration of AS use, study endpoints, findings, and authors‟ conclusions. When the
results of identified studies from the „grey‟ literature had not been published, or if any study
appeared to be only published in part, the authors were contacted to enquire if a complete data set
could be obtained for the purposes of the review.
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3.13

Data analysis

It was planned at the outset of the systematic review that a meta-analysis would be performed to
test for statistically significant differences in outcomes between different AS replacement periods.
However, it was recognised that the possibility of doing a meta-analysis would be predicated on
the finding of a reasonably large number of RCTs with similar AS use timeframes (e.g. several
studies testing 24 versus 48 hour AS use) and minimal heterogeneity in methods and sample
characteristics. It was planned that a meta-synthesis of findings from cohort studies would similarly
be performed if this was possible in ideal circumstances. Such analysis would have been useful to
estimate precise effect sizes, such as odds ratios with narrow 95% confidence intervals. It would
also have been instructive to confirm baseline outcomes for the incidence levels of infection, to
use in power calculations to design adequate sample sizes in a resultant trial. This analysis would
have been possible in Revman®.

3.14

Conclusion

At the outset of this research programme it appeared that inadequate data existed to confirm the
optimal AS replacement for PACs to prevent infection. There were no existing specific evidencebased guidelines to guide nursing interventions with regard to the duration of AS use for PACs. It
appeared that this had led to a uncertainty for nurses as to what constituted best practice for AS
replacement for PACs. In order to make decisions for clinical practice, it is crucial that AS -related
PAC interventions are based on reliable summaries for the evidence of the effectiveness or even
safety of replacing AS at set intervals. No such review has been performed or published to date in
the professional literature. Therefore, a systematic review was necessary to identify the current
state of the science, and any gaps in the literature regarding the duration of AS use, and the
frequency with which nurses should replace AS for PACs. It is also of paramount importance that
new research is not undertaken until it is confirmed that this is necessary, and if so to establish a
basis for appropriate design of further research to generate evidence for this particula r
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phenomenon. This chapter has outlined the reasons for, and methods chosen to undertake, the
systematic review as the first phase of the research programme. Chapter Four outlines the results
of the systematic review conducted in relation to the effect of the duration of AS use for PACs, and
infection outcomes for patients.
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4.2

Abstract

Aims and objectives. This article presents a systematic review of the evidence for the optimal
interval for replacement of administration sets for peripheral arterial catheters.
Background. Peripheral arterial catheters are attached to administration sets, including
transducers, which are changed routinely in some hospitals on the understanding that prolonged
duration of administration sets use may cause a higher incidence of infection.
Design. Systematic review
Method. Medline, CINAHL, and Scopus and the Cochrane Library were searched to access
relevant studies published between 1966 and 2011. Inclusion criteria were quantitative studies of
critically ill patients with peripheral arterial catheters that required administration sets for intraarterial pressure monitoring and had a focus on administration sets duration of use. Studies were
assessed for quality using either methodological quality assessments from Cochrane guidelines for
systematic reviews for randomised controlled trials or with the Newcastle-Ottawa quality
assessment scale for cohort studies.
Results. Six studies were selected for review. These included three randomised controlled trials
(226 patients) and three cohort studies (219 patients). Cohort studies reported 1–4% catheterrelated

bloodstream

infection

and

0–8%

infusate-related

bloodstream

infection

when

administration sets were changed every 48 hours. Two randomised controlled trials found no
difference in infusate-related bloodstream infection (two days: 0%; four to eight days: 1.7%) and
found no cases of catheter-related bloodstream infection in any group when administration sets
were replaced every 24 or 48 hours.
Conclusion. There is limited evidence on the optimum duration of administration sets used for
peripheral arterial catheters. Large randomised trials of high quality are needed.
Relevance to clinical practice. This review provides clinicians with comprehensive information
about the state of the evidence in relation to the duration of administration sets for peripheral
arterial catheters to inform decision-making and further research.
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4.3

Introduction

Peripheral arterial catheters (PACs) are indispensable tools that are extensively used in intensive
care units (ICUs) for continuous intra-arterial pressure monitoring and frequent routine blood
sampling including arterial blood gas analyses (Koh et al., 2008). Intra-arterial blood pressure
monitoring has been a theoretical concept since the eighteenth century but has only come into
common clinical practice since the electromechanical revolution of the 1960s (Darovic & Vanriper,
1995). The patency of the PAC is paramount and is achieved through the usage of a pressurised
flush bag. PACs are attached to the flush bag (usually 0.9% sodium chloride solution) via tubing
called administration sets (AS), which include a transducer to allow measurement of intra -arterial
blood pressure.

Administration sets may provide a pathway for microorganisms into vascular access catheters and
intravenous (IV) fluids and thus represent a potential portal of entry for bacteria to enter the blood
(O‟Grady et al., 2011). This exposes patients to the potential of catheter-related bloodstream
infection (CRBSI). However, the Centers for Disease Control and Prevention (CDC) does not
advocate surveillance of CRBSIs for PACs (O'Grady et al., 2002) and many clinicians consider
PACs to pose little risk of catheter-related bloodstream infection (Koh et al., 2008; Maki et al.,
2006). More recent studies dispute this, finding infection risks comparable to those of central
venous catheters (Gowardman et al., 2010). Although the essential benefits of PAC are not
disputed, CRBSI has remained a leading cause of nosocomial BSI in ICUs (Band & Maki, 1979a;
Brun-Buisson, 2001; Maki et al., 2006). Nosocomial BSI in ICUs is associated with increased
mortality and increased hospital costs ranging from US $4,000 to $56,000 per episode and
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increased length of hospital stay from 10–20 days (Blot, Depuydt, Annemans, Benoit, Hoste,
DeWaele, Decruyenaere, Vogelaers, Colardyn, & Vandewoude, 2005; Maki et al., 2006; Orsi,
Stefano, & Noah, 2002; Pettit & Wenzel, 1994).

Current practice related to replacement of AS is based on the recommendations from the CDC,
that AS used to administer fluids other than lipid, blood or blood products should be routinely
changed no more frequently than 96 hours but at least every seven days. However, these
guidelines are general recommendations for all type of intra venous devices (IVDs) including
venous and arterial, with no specific recommendation outlined for AS used for PAC. A systematic
review on optimal duration of AS used for IVDs (not for PACs) found no strong evidence of benefit
for routine replacement (Gillies et al., 2005). Keeler et al. (1987) conducted a review of infection
control practices related to intravascular pressure-monitoring devices. The authors reviewed
eighteen cohort studies but only four studies related to the duration of AS replacement. The review
found CRBSI rates ranged from 4–8% when AS were changed every 48 hours. However, the
authors concluded that there was limited evidence for the optimal interval of AS replacement for
PAC, and there was a need for well-controlled, prospective, randomised studies to validate current
practices and to establish uniform standards of practice. To our knowledge, there has been no
prior systematic review specifically on the optimal duration of AS use for PACs.

4.4

Aim

The aim of this systematic review was to critically appraise, synthesise and present the best
available evidence to ascertain the optimal time interval for replacement of AS used for PACs, to
facilitate decision making, and further research by nurses.
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4.5

Objective

The objective of this review was to determine the optimal time interval for the routine replacement
of AS used for PACs.

4.6

Design

The design of this research was a systematic literature review. Systematic reviews aim to provide
nurses with reliable overviews of all the existi ng relevant research on a topic that they may not
have the time, skills and resources to find and critique themselves (Higgins & Green, 2008). They
use clear and systematic steps that should minimise or eliminate bias in the findings and allow
decisions to be made on clinical care or the way forward for research on the topic.

4.7

Methods

4.7.1 Search strategy for identification of studies
The Cochrane Library was searched and no previous systematic reviews on this specific topic
were identified. The databases Medline (1966 to October 2010), CINAHL (1982 to October 2010)
and Scopus (1966 to October 2010) were searched using subject headings or text words relevant
to AS replacement for PACs. The subject headings used were: arterial catheters, haemodynamic
monitoring and intravenous therapy. The text word search terms were: intravenous infusion sets,
intravenous administration sets, frequency replacement, optimal intravenous set use, arterial
catheter, transducer, tubing, timing, device, duration, length, days, hospital stay, routine,
intravascular, haemodynamic monitoring and ICUs, high dependency units (HDUs), cardiac care
units, critical illness and infusion therapy. Search of the Ovid databases using the name of authors
known to have published on the topic and a screen of references given in relevant systematic
reviews of optimal timing for intravenous AS and identified randomised controlled trials was also
conducted. The search was limited to those studies written in the English language.
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4.7.2 Inclusion criteria
The criteria used for selection of studies were based on participants, interventions, contexts,
outcome measures and types of study as outlined below.

Participants
This review considered studies that investigated adult or paediatric patients who required PACs for
continuous hemodynamic monitoring and blood sampling.

Interventions
This review considered studies that investigated the frequency of replacing AS used for PAC.

Contexts
This review considered studies which focused on critical care units, including ICUs and HDUs,
paediatric critical care units, burn units, coronary/cardiac care units and neurological ICUs.

Outcome measures
The outcomes of interest of the review were CR-BSI, infusate-related bloodstream infection (IRBSI), phlebitis, stopcock colonisation, catheter colonisation and infusate colonisation. Data needed
to be extracted for at least one outcome for PACs alone (not combined with other device types)
and by patient (preferably) or catheter as the denominator.

Types of studies
The review considered any meta-analysis or randomised controlled trials (RCTs); in the absence
of significant number of meta-analyses and RCTs, other research designs of quantitative nature,
such as non-RCTs, before and after studies, cohort studies, descriptive studies and case reports
addressing the frequency of replacing AS used for PACs were sought.
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4.7.3 Study endpoints
The study endpoints for this review were CR-BSI, IR-BSI, phlebitis, catheter colonisation, infusate
colonisation and stopcock colonisation.

4.7.4 Included studies
In total, 11 studies were retrieved in full for consideration of inclusion. Of the 11 studies, six studies
met the inclusion criteria and were reviewed (see Figure 1). These were three RCTs (Covey et al.,
1998; Luskin et al., 1986; McLane et al., 1998) (See Table 4.1) and three cohort studies (Band &
Maki, 1979b; Ducharme et al., 1988; Maki & Hassemer, 1981) (See Table 4.2).

4.7.5 Excluded studies
Five studies were excluded (see Table 4.3). One study was excluded because the results were
reported based on the duration of catheterisation instead of the duration of AS used for PAC
(Shinozaki et al., 1983). One study was excluded because the study did not report the raw data for
the numbers per catheter or numbers per patient (Franceschi et al., 1989). Three studies were
excluded because the studies did not report separate results for PAC (results were aggregated
with other catheter types) (Band & Maki, 1979a; Maki, Botticelli, LeRoy, & Thielke, 1987; O'Malley
et al., 1994).

4.7.6 Methodological quality assessment
Studies selected for retrieval were assessed using standardised critical appraisal instruments:
1. The methodological quality of RCTs was assessed using the quality assessment criteria from
the Cochrane guidelines for systematic review to assess the risk of bias (Higgins & Green,
2008). This methodological quality assessment involves the consideration of six features:
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sequence generation; allocation concealment; blinding of participants, personnel and outcome
assessors; incomplete outcome data; selective outcome reporting; and, other sources of bias.
2. The methodological quality of cohort studies was assessed using the Newcastle -Ottawa
quality assessment scale (Wells et al., 2005) as recommended by the Cochrane handbook for
systematic reviews of intervention (Higgins & Green, 2008). The Newcastle-Ottawa quality
assessment scale evaluates three domains of study methodology: the selection of study
groups; the comparability of groups; and, the quality of ascertainment of the outcomes of
interest (Henderson et al., 2007). According to Mallen et al. (2006), the quality assessment
allows original research to be systematically appraised and evaluated.

4.7.7 Assessing risk of bias
The appraisal process was assessed by two reviewers (AZD & HR). The two then met to compare
the results; disagreement was resolved by consensus; however, two issues (one each of random
allocation and intention to treat) were referred to a third member (CR) of the team for final
resolution.

4.7.8 Data extraction and analysis
A narrative review of six eligible studies was conducted and a summary of author‟s findings
concerning the frequency of replacement AS for PACs. Data extraction from RCTs used a
standardised data collection form from the Cochrane guidelines for systematic review (Higgins &
Green, 2008). The process was conducted by two reviewers (AZD & HR) who independently
recorded study design, setting, participants, interventions, outcomes, patient demographic
characteristics, findings and authors‟ conclusions. The cohort studies were categorised under the
following headings: study design, sample, duration of AS use, endpoints and findings. The process
was undertaken by the principal author and was reviewed by co-authors. Data from both RCTs
and cohort studies could not be combined for meta-analysis given different study designs,
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intervention, and endpoints. Where possible, descriptive analyses of studies using the 24 hour vs.
48 hour and 48 hour vs. 72 hour data were undertaken to summarise results for readers.

4.8

Results

4.8.1 Overview of included studies
There were three RCTs included in this review with 226 patients in total (see Table 4.1). One RCT
compared AS changed at two days with AS changed at four or eight days (Luskin et al., 1986); one
RCT compared three groups with, group 1, change of AS every 24 hours, group 2, change of flush
solution every 24 hours and tubing every 48 hours, and group 3, chang e of AS every 48 hours
(Covey et al., 1998); one RCT compared AS changed at 48 hours with AS changed at 72 hours
(McLane et al., 1998).

There were three cohort studies with 219 patients in total (see Table 4.2). One cohort study
observed the use of AS changed routinely every 48 hours for PACs with mean overall use of 4.4
days (Band & Maki, 1979b). One cohort study observed AS changed every 48 hours, but the
transducer and continuous flow portion were unchanged and used continuously from 1–12 days at
a mean 4.6 days (Maki & Hassemer, 1981). One cohort study observed the use of AS that
remained unchanged until the PAC was removed at a mean 2.5 days (Ducharme et al., 1988).

4.8.2 Quality of included studies: RCTs
The method used to generate the random allocation sequence was described in two trials:
subjects were randomised in blocks of 20 based on a random number table (Luskin et al., 1986),
and subjects were randomly assigned by coin toss to one of the two groups (McLane et al., 1998),
but was not described in one trial (Covey et al., 1998). Only one trial described concealed
allocation, which was achieved by coin toss to one of the two groups (McLane et al., 1998).
Blinding of outcome assessment was only described in one trial where the laboratory personnel
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were blinded (Luskin et al., 1986). None of the studies described blinding of the intervention. An
intention to treat analysis was not applied in any trial because (1) patients were excluded after
randomisation (Luskin et al., 1986; McLane et al., 1998) and (2) total number of patients only
stated before randomisation (Covey et al., 1998). One trial described complete reporting (Luskin et
al., 1986), but reporting was incomplete in two trials with unclear reporting about e xcluded patients
(Covey et al., 1998) and no details given for newly included patients (McLane et al., 1998). The
control and treatment group compatibility at baseline was described in all trials. The control and
treatment group were treated equally in one trial (Covey et al., 1998) and were not described in
two trials, did not describe the care patterns at both settings (two hospitals) and did not report how
many in each group at each setting (McLane et al., 1998); there was no discussion about the
quality of care for the control and treatment groups (Luskin et al., 1986). A summary of the
methodological assessment of the three trials is given in Table 4.4.

4.8.3 Quality of included studies: Cohort studies
A summary of the assessment of the three cohort studies is given in Table 4.5.

Selection
The participants were adult in two studies (Band & Maki, 1979a; Maki & Hassemer, 1981) and
children in one study (Ducharme et al., 1988) who required PAC for continuous hemodynamic
monitoring and blood sampling was described in all studies. The ascertainment of e xposure was
not reported in all studies; no study reported any measures that were taken to ensure AS were
replaced at the planned intervals.

Comparability
The comparability of cohorts on the basis of the design or analysis was not applicable because
none of the studies had a control or comparison group.
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Outcome
The assessment of outcomes was described in two studies; two studies reported daily inspection
of insertion site and monitored signs of local inflammation (Band & Maki, 1979b; Ducharme et al.,
1988). One study (Maki & Hassemer, 1981) did not report the assessment of outcome. Follow up
assessment for infection outcomes at 48 hours was described in two studies (Band & Maki, 1979b;
Ducharme et al., 1988); one study (Maki & Hassemer, 1981) did not describe follow-up at 48 hours
post removal of PAC and therefore may have missed the occurrence of BSI within this period.
There were adequate outcome data as all three studies reported that the number of participants
analysed was equal to the total number of participants at the start of the study.

4.9

Findings of included studies

4.8.4 Randomised controlled trials
The trial by Luskin et al. (1986) identified 2 of 39 (5.1%) infusate colonisation in AS used four to
eight days and none was detected for AS changed every two days. The authors reported that the p
value was not significant (p >.05). The IRBSI was 1 of 58 (1.7%) for AS changed every four to
eight days and 0 of 62 (0%) for the AS changed every two days. However, no p value was
reported. Catheter colonisation was not reported by study group.

The trial by Covey et al. (Covey et al., 1998) had three groups. Group one; change of flush solution
and pressure monitoring tubing every 24 hours. Group two; change of flush solution every 24
hours and change of pressure monitoring tubing every 48 hours. Group three; change of flush
solution and pressure monitoring tubing every 48 hours. The trial found no infusate colonisation,
CRBSI or IRBSI in any of the three groups. Catheter tip data were unable to be extracted for PACs
alone. The authors did not report the results of phlebitis, although this was described as an
endpoint in the methods.
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The trial by McLane et al. (McLane et al., 1998) was a further study from the group who published
Covey et al. (Covey et al., 1998). The authors reported 1 of 26 (3.8%) catheter colonisation for AS
changed every 48 hours and 1 of 23 (4.3%) for AS changed every 72 hours (p< 0.01); 3 of 26
(11.5%) stopcock colonisation for AS changed every 48 hours and 10 of 23 (43.5%) for AS
changed every 72 hours (p< 0.01). There were no positive samples of infusate colonisation or
CRBSI in either group. Phlebitis was not reported by the authors.

4.8.5 Cohort studies
Band and Maki (1979b) identified 23 of 130 (18%) catheter colonisation; 5 of 130 (4%) CRBSI; 14
of 130 (10.8%) phlebitis; and, no infusate colonisation or IRBSI when AS were changed every 48
hours. Maki & Hassemer (1981) identified 12 of 102 (12%) infusate colonisation and 8 of 102 (8%)
IRBSI when AS were changed every 48 hours. The findings of this study were taken up by the
hospital as a policy that AS need to be changed every 48 hours. After four months of practising
this policy, the authors completed a follow up study and reported 3 of 53 (6%) infusate
colonisations and 0/53 (0%) IRBSI. Ducharme et al. (1988) reported 8/70 (11%) phlebitis and no
infusate colonisation, no catheter colonisation, CRBSI and IRBSI when the AS was not routinely
replaced (mean use 2.5 days).

4.9

Discussion

The results of this systematic review are that it remains difficult to determine whether decreasing
the frequency of AS changes from 24–48 hours, or from 48–72 hours or more, will affect the risk of
infusate colonisation, catheter colonisation, stopcock colonisation, CRBSI or IRBSI. There is weak
evidence to suggest that it is safe to extend AS use from 24–48 hours or until PAC removal. The
findings from one RCT (Covey et al., 1998) and one cohort study (Ducharme et al., 1988) suggest
that decreasing the frequency of AS change from 24–48 hours or until the PAC is removed does
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not increase the incidence of infusate colonisation, catheter colonisation, CRBSI and IRBSI among
adult ICU patients. However, this evidence is based on only two studies with a total sample of 99
PACs. These samples were too small and the trial (Covey et al., 1998) only reported descriptive
analyses with no other statistical tests carried out. According to Beattie and Taylor (2011) research
sample sizes need to be large enough to enable generalisation of the findings. The trial (Covey et
al., 1998) also had a number of limitations in the methodological design with only two risk of bias
criteria met satisfactorily. The limitations included having no description of patient randomisation,
no description of the method used to randomise the patients, no description of blinding of
intervention and outcome assessment, incomplete reporting of outcome data , which only stated
total number of patients before randomisation, and unclear reporting about excluded patients.
Although we attempted to contact the authors for additional information, the passage of more than
two decades since publication made this impossible.

The evidence in relation to AS changes from an interval of 48–72 hours or more is even weaker
than that for AS changes at 24–48 hours. The trial by Luskin et al. (1986) revealed 5.1% infusate
colonisation and a 1.7% incidence of IRBSI when AS changed at four to eight days. For both
outcomes the incidence was zero in the 48-hour change group. Statistical differences were not
detected, suggesting both are acceptable time frames. The trial adequately randomised the
patients, reported blinding the outcome assessment and reported the control and treatment group
compatibility at baseline. The trial also did not explain the process of randomisation and did not
present the outcomes per patient, but rather per catheter. Although a reasonable sample of 120
patients was recruited, no sample size calculations were presented, and the study was likely
underpowered to detect potential differences. Incidences of the important outcomes of catheter
colonisation and CRBSI were not reported. Therefore, there was no data to make any judgment
regarding the incidence of catheter colonisation and CRBSI when frequency of AS changes is
extended from 48–72 hours or more.
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In contrast, findings from one trial (McLane et al., 1998) revealed that decreasing the frequency of
AS from 48–72 hours appeared to increase the incidence of stopcock colonisation with levels
rising from 12–44% (p ≤ 0.01). The incidence of stopcock colonisation has been shown in other
work to increase as a result of multiple blood sample collection (Koh et al., 2008, p. 400). In
addition, Sitges-Serra et al. (1985) reported that delaying AS changes did not increase CRBSI or
hub colonisation rates. Although this trial revealed high incidence of stopcock colonisation, this is a
surrogate endpoint and as the incidence of CBRSI and IRBSI was zero, the impact on the patient
was nil. However, the period of patient follow-up for these outcomes was not reported and may not
have been of adequate duration. This evidence is based on only one trial with a total sample of 49
PACs. Therefore, it provides weak evidence to suggest that it is safe to decrease the frequency of
AS changes from 48–72 hours or more and that this does not increase the incidence of CRBSI or
IRBSI.

The findings from this systematic review are inconsistent with the recommendation of the CDC
(O‟Grady et al., 2011). Their guidelines recommend that AS used to administer fluids other than
lipid, blood or blood products should be routinely changed no more frequently than 96 hours but at
least every seven days. This guideline was based on three previous studies (Gillies et al., 2005;
Josephson et al., 1985; Sitges-Serra et al., 1985). However, all three studies were conducted on
IVDs, not PACs. Gillies et al. (2005) conducted a systematic review on optimal timing for
intravenous AS replacement, not PACs, and advocated that AS may be changed at intervals of up
to 96 hours without increasing the incidence of CRBSI. Considering the PAC-specific evidence
available, the finding from one study (Luskin et al., 1986) in this current systematic review
suggested that it was safe to change AS at up to 96 hours duration with no difference in IRBSI with
extension to this time point. However, the study was small, had several limitations and did not
report CRBSI. We were unable to find any evidence for the safety of AS use in PACs beyond four
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days and certainly not to the maximum of seven-day use advocated by the CDC as a generic (all
device type) recommendation for AS use. We note also that we found no strong evidence to
suggest that AS for PAC should be changed more frequency than current CDC recommendation of
96 hours intervals or at least every seven days. It may be that AS can be safely used until not
required, or it may be that they require routine replacement at an interval not yet identified in the
research literature. There is a high degree of uncertainty on the optimal duration of AS use for
PACs.

It is of concern that all studies identified were undertaken some time ago; the most recent RCT
undertaken was published in McLane et al. (1998). It is unclear why researchers appear to have
stopped focusing on this question, especially because routine replacement of AS remains a
common and time-consuming nursing practice. It could be that researchers have given more focus
to novel commercial products that have become available in recent years (antimicrobial catheters
and dressings, for example) rather than low cost, but potentially just as effective interventions such
as AS replacement. Given the vast changes in PAC technology, practices and patient populations
over this time, it is highly questionable whether the results of the existing studies included in this
review would be generalisable to modern practice. Infection rates may have changed over this
time, for example, with the introduction of disposable pressure-monitoring transducers to replace
the older reusable systems, which were known to be a reservoir for infection, and the more recent
change to chlorhexidine-based products for skin and hub antisepsis (Maki et al., 1997; O‟Grady et
al., 2011). The finding of only older studies does not negate the benefits of undertaking a
systematic review. As Green and Higgins (2008) argue the purpose of a systematic review of the
evidence can be to highlight the need for future research. As such, it is clear that modern studies
to test the effect of prolonged AS use in PACs are needed using current practices and devices.
Although the work presented here is dated, it provides a starting point to stimulate and focus new
research efforts to explore this still very clinically relevant issue, that is, the duration of AS use, and
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the prevention of infection. Further research should consist of high-quality RCTs with adequate
sample sizes to answer the research question.

The findings from this systematic review suggest that IRBSI has a higher incidence than does
CRBSI. Reflecting on this evidence, it is important that IRBSI be investigated more frequently in
these types of studies. In addition, future research in thi s area should investigate the optimal
frequency of changing AS for all types of intravascular devices. In particular, future studies need to
be methodologically rigorous, and sample numbers need to be large enough to identify any
clinically important differences in the incidence of both CRBSI and IRBSI. Furthermore, patient
data need to be reported, and separate data need to be reported for each type of catheter studied;
this must be presented as per patient where multiplicity (many catheters per patient) is involved.

4.10

Conclusion

In summary, there is limited evidence (six studies; 445 patients) that changing AS at 24–72 hours
or more effects the risk of CRBSI among critically ill patients with PACs. Although PACs have been
thought of as having low infection rates, the evidence from this systematic review recommend that
the same degree of care is needed for PACs as for other intravascular devices and need to be
taken seriously as a potential source of infection. Future high-quality RCTs of adequate sample
size are needed to test the effect of the duration of PAC use on infection, in current devices and
practices. This would be of benefit in clinical decision-making and to identify the optimal care of
patients with PACs.

4.11

Relevance to clinical practice

Information derived from this review provides clinicians with a summary of previous research
findings on this topic and highlights the need for additional clinical research in this area.
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Figure 4.1: Flow chart of study identification

2572 Potentially relevant
title returned from search
and screened
2359 reports excluded by
screening of titles and
abstracts

213 reports retained for
evaluation of full text

202 reports not relevant

5 did not meet inclusion
criteria
11 critiqued for inclusion
criteria

6 studies included in systematic review
 3 RCTs
 3 Cohort studies
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Table 4.1

Included studies (a) RCTs and (b) cohort studies

Authors/
Year/
Setting
(a) RCTs
Luskin et
al. (1986)
USA

Objective

Sample

AS change

Culture

End points

Findings

To compare the
rate of transducer
colonisation and
CRBSI from
disposable
transducers
changed every two
days vs. changed
at longer intervals.

120 patients with
anticipated arterial
catheter for 72 hours;
58 (intervention)
62 (control)

AS changed at four to eight days
(intervention)
AS changed at two days (control)

Infusate
Catheter
tip

Infusate
colonisation
IRBSI
Catheter tip
colonisation
BSI all
causes

Covey et
al. (1988)
USA

To examine the
effects of three
protocols on CRBSI

30 patients –
13 – cardiothoracic
surgery
9 – other surgical
8 – medical
29 – arterial
catheters
10 – pulmonary
arterial catheters

Catheter
tip
Infusate

Catheter tip
colonisation
Infusate
colonisation
CRBSI
IRBSI
Phlebitis

McLane
et al.
(1998)
USA

To determine the
incidence of culture
positivity in
intravascular
monitoring systems

76 patients:
38 (72 hours) of 23
PACs
38 (48 hours) of 26
PACs

Group 1 (n: 10): change of flush
solution and pressure-monitoring
tubing every 24 hours.
Group 2 (n:10): change of flush
solution every 24 hours and change
of pressure-monitoring tubing every
48 hours.
Group 3 (n:10): change of flush
solution and pressure-monitoring
tubing every 48 hours.
AS, pressure tubing and stopcocks
were changed at 48hours (control)
AS, pressure tubing and stopcocks
were changed at 72hours
(intervention)

Infusate colonisation:
subgroup (n=79)
Intervention: 2 of 39 (5.1%)
Control: 0 of 40 (0%), p = NS
IRBSI:
Intervention: 1 of 58 (1.7%)
Control: 0 of 62 (0%)
Catheter tip colonisation: results not reported by study
group
BSI all causes: no details of result per study group.
Catheter tip colonisation:
data unable to be extracted for this outcome for
PACs alone.
Infusate colonisation:
0% in all groups of PAC
CRBSI: 0% in all groups of PAC
IRBSI: 0% in all groups of PAC
Phlebitis: results not reported.

Catheter
tip
Infusate

Catheter tip
colonisation
Infusate
colonisation
CRBSI
IRBSI
Phlebitis
Stopcock
colonisation

Catheter colonisation: data unable to be extracted per
study group.
Infusate colonisation: No positives samples in either of
the two groups.
CRBSI: No positives samples in any of the two
groups.
IRBSI: No positives samples in any of the two groups.
Phlebitis: results not reported
Stopcock colonisation:
10 of 23 (43.5%) intervention group
3 of 26 (11.5%) control group,
p < 0.01
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(b) Cohort
studies
Author
(Year),
Setting
Ducharm
e et al.
(1988)
Canada

Maki &
Hassemer
(1981)
USA

Objective

Sample

Culture

To determine the
incidence of
infections related to
PAC in paediatric
population

68 children, 70 PAC
58 – cardiovascular
patients
12 – respiratory
failure patients

AS used until PAC was removed
(mean: 59.1 hours)

Catheter
tip
Infusate

To determine fluid
colonisation and
related septicemia
in arterial pressure
monitoring

102 PAC of 56
medical/surgical
ICU‟s patients

AS changed every 48 hours
The transducer and continuous flow
portion were unchanged and used
continuously from 1–12 days
(mean: 4.6 days)
AS changed every 48 hours

Infusate
Catheter
tip

Follow up study
53 PACs from 31
patients
Band &
Maki
(1979b)
USA

AS change

End points

Findings

Catheter
colonisation
CRBSI
IRBSI
Infusate
colonisation
Phlebitis
Infusate
colonization
IRBSI
CRBSI

Catheter colonisation: 0 of 70
CRBSI: 0 of 70
IRBSI: 0 of 70
Infusate colonisation: 0 of 70
Phlebitis: 8/70 (11.4%)

nfusate
colonization
IRBSI
Catheter tip
colonization
CRBSI

3 of 53 (5.7%) infusate colonization
0/53 (0%) IRBSI

12 of 102 (12%) infusate colonisation
8 of 102 (8%) IRBSI
1 of 102 (2%) CRBSI

To determine the
130 PACs from 95
AS changed every 48 hours
Catheter
23 of 130 (18%) catheter colonization
tip
5 of 133 (4%) CRBSI
risk and profile of
patients: Patients
PAC in place from 1–14 days
infection caused by
had respiratory
(mean: 4.4 days)
PACs used for
failure, multiple
haemodynamic
organ failure, severe
monitoring
traumatic injuries
AS, Administration sets; PAC, Peripheral arterial catheter; ICU, intensive care unit; CRBSI, catheter-related bloodstream infection; IRBSI, infusate-related bloodstream infection;
PAC, Peripheral arterial catheters; RCT, randomised controlled trials.
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Table 4.2

Characteristics of excluded studies

Authors (Year)

Reason for exclusion

O‟Malley et al.

Results aggregated for three types of catheters (PAC,

(1994)

CVC and pulmonary artery catheter).
Unable to separate results for PAC.

Band & Maki

Results aggregated for two types of catheters (PAC and

(1979a)

CVC). Unable to separate results for PAC.

Franceschi et al.

The raw data for the numbers per catheter or numbers

(1989)

per patients were not reported.

Shinozaki et al.

The results reported based on the duration of

(1983)

catheterisation instead of the duration of AS used for
PAC.

Maki et al.

Results aggregated for peripheral catheters (arterial and

(1987)

venous). Unable to separate results for PAC.

AS, administration sets; PAC, peripheral arterial catheter; CVC, central venous catheter
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Table 4.3

Methodological quality assessment for RCTs

(Higgins & Green, 2008)
Quality criteria

Luskin et al. (1986)

McLane et al. (1998)

Covey et al. (1988)

Generation of random allocation
sequence

Adequate
Subjects were randomised in blocks of
20 based on random number table

Adequate
Subjects were randomly assigned by coin
toss to one of the two groups.

Inadequate
There is no description of the method used
to generate allocation sequence

Allocation concealed
Adequate/unclear/inadequate

Inadequate
No method is described to determine if
the allocation is adequately concealed

Adequate
Subjects were randomly assigned by coin
toss to one of the two groups

Inadequate
No description of allocation concealment

Blinding of intervention
Double/single/non/unclear

None

None

None

There is no discussion of blinding

There is no discussion of blinding

There is no discussion of blinding

Blinding of outcome assessment

Yes
Blinding of laboratory personnel

No
No discussion of outcome assessment

No
There is no discussion of blinding

Adequate/unclear/inadequate

Yes/ cannot tell/ no

Laboratory personnel likely to have been
blinded
Intention to treat analysis
Yes/ cannot tell/ no

No

No

Cannot tell

Patients were excluded after
randomisation

Patients were excluded after
randomisation and new patients included
without any reason given

Total number of patients only reported
before randomisation

Completeness of reporting,
> or = 90%
Yes/ cannot tell/ no

Yes
Reasons for exclusion were reported

No
Numbers not provided on how many
randomised or excluded patients

Cannot tell
Incomplete data were adequately reported
reasons for exclusion were reported

Control and treatment group
compatible at baseline?
Yes/ cannot tell/ no

Yes
No statistically significant differences
between groups

Yes
Table 2 in the article shows
characteristics of groups

Yes
Table 1 in the article shows characteristics
of groups

Were control and treatment group
treated equally?

Cannot tell
No detailed discussion

No
Did not control for catheter care patterns
at the two hospital sites, nor report how
many peripheral arterial catheters in each
group at each site.

Yes
Care of the catheter was described.

Yes/ cannot tell/ no
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Table 4.4

Newcastle-Ottawa Quality Assessment of cohort studies (Wells et al., 2005)
Quality criteria

Selection
1) Representativeness of the exposed cohort
a. truly representative of the average
(describe) in the community
b. somewhat representative of the average in
the community
c. selected group of users, example; nurses,
volunteers
d. no description of the derivation of the cohort
2) Selection of the non exposed cohort
a. drawn from the same community as the
exposed cohort
b. drawn from a different source
c. no description of the derivation of the non
exposed cohort
3) Ascertainment of exposure
a. secure record (example surgical records)
b. structured interview
c. written self report
d. no description
4) Demonstration that outcome of interest was
not present at start of study
a. yes
b. no

Band & Maki (1979)

Maki & Hassemer (1981)

Ducharme et al. (1988)

(a)
(adult ICU patients)

(a)
(adult ICU patients)

(a)
(critically ill children)

N/A
(only 1 exposed group)

N/A
(only 1 exposed group)

N/A
(only 1 exposed group)

(d)
(no description of reference
to secure records)

(d)
(no description of
reference to secure
records)

(d)
(no description of
reference to secure
records)

yes
(no description of the
outcome of interest at start of
study)

yes
(no description of the
outcome of interest at start
of study)

yes
(no description of the
outcome of interest at
the start of study)
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Quality criteria
Comparability
1) Comparability of cohorts on the basis of the
design or analysis
a. study controls for (select the most important
factor)
b. study controls for any additional factor (this
criteria could be modified to indicate specific
c. control for a second important factor
Outcome
1) Assessment of outcome
a. independent /blind assessment
b. record linkage
c. self report
d. no description
2) Was follow-up long enough for outcomes to occur
a. yes (select an adequate follow up period for
outcome of interest)
b. no
3) Adequacy of follow-up of cohorts
a. complete follow-up – all subjects accounted for
b. subjects lost to follow up unlikely to introduce
bias, follow up, or description provided of those lost
c. follow up rate and no description of those lost
d. no statement

Band & Maki (1979)

Maki & Hassemer
(1981)

Ducharme et al.
(1988)

N/A
(only 1 exposed group)

N/A
(only 1 exposed
group)

N/A
(only 1 exposed group)

(a)
the researcher
independently assessed
the signs of infection

(d)
no description of the
assessment of
outcome

yes
(follow up 3 days after
removal of catheter)

no
(the duration of follow
up was not reported)

(a)
the researcher
independently do daily
monitoring of the
insertion site
yes
(follow up 72 hour after
removal of catheter)

(a)
the number of
participants analysed was
equal to the total number
of participants at the start
of the study.

(a)
the number of
participants analysed
was equal to the total
number of
participants at the
start of the study.

(a)
the number of
participants analysed
was equal to the total
number of participants
at the start of the
study.

ICU, intensive care unit
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Table 4.5

Data extraction table for randomised controlled trials

Criteria

Luskin et al. (1986)

Covey et al. 1988

McLane et al. 1998

Setting

Medical/surgical ICU
USA

Coronary care unit, cardiothoracic unit,
surgical ICU
Medical ICU, organ transplant unit
USA

Participants

Patients with anticipated arterial
catheter for 72 hours

Number of
patients

58 (intervention) 62 (control)
– 19 (four days)
– 39 (eight days)

Mean age
Male sex,
n (%)
Participants
excluded from
the study

60 (intervention) 61control)
M = 34, F = 24 (intervention)
M = 27, F = 35 (control)
After randomisation, there were
5 PACs excluded:
3 – were removed within 6 hours
of study entry
1 – time of AS change could not
be determined
1 – did not meet study criteria

Critically ill patients who required
invasive pressure monitoring with
arterial or pulmonary artery catheters
30 patients – 13 cardiothoracic surgery,
9 other surgical, 8 medical
29 arterial catheters and 10 pulmonary
arterial catheters
51.6 (16.4)
14 (46.7%)

1 university hospital (surgical ICU,
cardiothoracic/coronary care unit,
medical ICU and organ transplant unit)
1 community hospital (CCU and
surgical ICU) USA
Critically ill adult patients who required
arterial or pulmonary artery catheters

One patient was removed from the
analysis because of a lengthy catheter
cannulisation of 17.6 days

76 patients:
38 (72 hours) (23 catheters)
38 (48 hours) (26 catheters)
61.7 (intervention) 61.8 (control)
M = 20, F = 18 (intervention)
M = 19, F = 19 (control)
Stated total PAC = 65, however, only
49 catheters were reported. The
reasons for exclusion were not
reported.
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Criteria

Luskin et al. (1986)

Covey et al. 1988

McLane et al. 1998

Interventions

AS changed at four to eight
days (intervention)
AS changed at two days
(control)

AS were changed at 72hours
(intervention)
AS were changed at 48hours (control)

Outcome
description

Infusate colonisation = 0.5 ml
aliquots were spread onto
Trypticase soy agar plates
containing 5% sheep blood.
IRBSI
BSI – all causes = T > 38.2°C
blood cultures from peripheral
vein.
Tip colonisation =
semiquantitative method

Group 1 – change of flush solution and
pressure monitoring tubing every 24 hours
Group 2 – change of flush solution every
24 hours and change of pressure
monitoring tubing every 48 hours
Group 3 – change of flush solution and
pressure monitoring tubing every 48 hours
Catheter tip colonisation: ≥ 15 colonies on
semiquantitative culture.
CRBSI: isolation of the same organism
from a semiquantitative or quantitative
culture of a catheter segment (>15
colonies per ml) and from separate
percutaneous blood cultures with no other
identifiable source of infection.
Infusate colonisation: ≥ 15 colonies on
semiquantitative culture.
IRBSI: isolation of the same organism from
a semiquantitative or quantitative culture of
infusate (>15 colonies per ml) and from
separate percutaneous blood cultures with
no other identifiable source of infection
Phlebitis: presence of purulence or at least
two of the following: erythema, increased
warmth, tenderness, induration

Infusate colonisation: ≥ 15 colonies on
semiquantitative culture.
Catheter tip colonisation: ≥ 15 colonies
on semiquantitative culture.
CRBSI: isolation of the same organism
from a semiquantitative or quantitative
culture of a catheter segment (>15
colonies per ml) and from separate
percutaneous blood cultures with no
other identifiable source of infection
Phlebitis: presence of purulence or at
least two of the following: erythema,
increased warmth, tenderness,
induration.
Stopcock colonisation: ≥ 15 colonies
on semiquantitative culture.

84

Criteria

Luskin et al. (1986)

Covey et al. 1988

McLane et al. 1998

Dichotomous
outcomes

Infusate colonisation: subgroup
(n = 79)
Intervention: 2 of 39 (5.1%)
Control: 0/40 (0%), P=NS
IRBSI:
1 of 58 (1.7%) (intervention)
0 of 62 (0%) (control)
Catheter tip colonisation, results
not reported by study group
BSI all causes: no details of
result per study group.

Catheter colonisation
Data unable to be extracted for this
outcome for
PACs alone.
CRBSI: 0% in all group of PAC
Infusate colonisation:
No positive samples in any of the three
groups.
IRBSI: 0% in all group of PAC
Phlebitis: results not reported.

Routinely changing disposable
transducers (including AS) at
four days interval appeared to
be safe. This practice could
result in substantial cost
savings.

There is no difference in infection rate
whether the change interval for flush
solution and pressure monitoring tubing
is 24 or 48 hours.
Increasing the change interval for flush
solution to 48 hours does not result in
an increased incidence of bacterial
contamination of flush solution.

Infusate colonisation: No positive
samples in any of the two groups
Catheter colonisation: Data unable to
be extracted per study group
CRBSI: No positives samples in any of
the two groups.
Phlebitis: results not reported
IRBSI: No positives samples in either
of the two groups.
Stopcock colonisation:
3 of 26 (11.5%) – 48 hour group
10 of 23 (43.5) – 72 hour group
Increased AS change interval to 72
hours did not increase the risk of
catheter-associated infection or
catheter-associated bacteraemia.

Authors‟
conclusions

AS, administration set; CRBSI, catheter related bloodstream infection; IRBSI, i nfusate related bloodstream infection; NS, not significant;
ICU, intensive care unit; PACs, peripheral arterial catheter
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Table 4.6

Data extraction for cohort studies

Authors

Sample

AS change

Endpoints

Findings

Band & Maki
(1979b)

95 adult patients in
ICU
130 PACs

AS changed routinely every 48
hours
PAC in place from 1–14 days
(mean: 4.4 days)

CRBSI
IRBSI
Catheter tip colonisation
Infusate colonisation
Phlebitis

5 of 133 (4%) CRBSI
0 of 22 (0%) IRBSI
23 of 130 (18%) catheter colonisation
0 of 22 (0%) infusate colonisation
14/130 (10.8%) phlebitis

Maki & Hassemer
(1981)

56 adult patients in
ICU
102 AS

AS changed every 48 hours. The
transducer and continuous flow
portion were unchanged and used
continuously from 1–12 days
(mean: 4.6 days)
AS changed every 48 hours

Infusate colonisation
IRBSI
CRBSI

12 of 102 (12 %) infusate colonisation
8 of 102 (8%) IRBSI
1 of 102 (1%) CRBSI

Follow up study
53 PAC 31 patients
68 paediatric patients
in ICU
70 PACs

3 of 53 (5.7%) infusate colonisation
0 of 53 (0%) IRBSI

Infusate colonisation
IRBSI
Ducharme et al.
AS unchanged until
Catheter tip colonisation and
0 of 70 (0%) catheter tip colonisation
(1988)
PAC was removed
CRBSI
0 of 70 (0%) CRBSI
(mean: 59.1 hours)
Infusate colonisation
0 of 70(0%) infusate colonisation
0 of 70 (0%): IRBSI
IRBSI
Phlebitis
8 of 70 (11.4%): Phlebitis
AS, administration sets; CRBSI, catheter-related bloodstream infection; ICU, intensive care unit; IRBSI, infusate-related bloodstream
infection; PAC, peripheral arterial catheters.
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CHAPTER 5: PHASE II METHODS
5.1

Introduction

In Phase I, the systematic review indicated that there was minimal strong
evidence available concerning the optimal timing for replacement of PAC AS. It
was therefore identified that further high quality research was required,
preferentially an adequately large, properly randomised, allocation concealed,
masked, RCT with control of potential confounders, such as PAC time in situ. In
the reviewed studies, documented incidence levels of PAC-BSI ranged from
zero per cent (Ducharme et al., 1988; McLane et al., 1998) to two per cent
(Maki & Hassemer, 1981) or four per cent associated with 48 hour AS use
(Band & Maki, 1979b). This low incidence event rate suggests that a large
sample size would be required to rigorously test the efficacy or equivalence of
four day versus seven day AS change to prevent PAC-BSI. It was therefore
considered prudent to conduct a feasibility study to assess the practicality of
performing a full scale superiority or equivalence RCT, using pre-determined
questions related to recruitment, randomisation, intervention fidelity, retention,
missing values, resource implications and effect size.

This chapter outlines the methods used in Phase II of this research programme
investigating the optimal interval duration of AS use for PACs, and follows on
from the results of the systematic review. As indicated by the conclusion of the
systematic review, a well-designed feasibility study was indicated to provide
data regarding the viability of conducting a large-scale high quality RCT that
could definitively identify the optimal duration of AS use for PACs. The chapter
presents the rationale for using a feasibility pilot RCT design in the Phase II
study and an overview of feasibility studies and the principles of RCTs. This is
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followed by a conceptual model for this programme of research that illustrates
the relationship between Phase I and Phase II. The specific aims of this
feasibility study and the research questions are then presented. The sample,
setting, recruitment, randomisation approach, study procedures, blinding and
data collection methods are also detailed. Following these, data analysis and
ethical considerations are described.

5.2

Design

This was a feasibility pilot randomised controlled trial of parallel equivalence
design.

5.3

Rationale for the study design

The findings of the Phase I systematic review provided the rationale for
progressing with a feasibility RCT. The systematic review reported that there
was little evidence available: only six studies with only three of them being
RCTs on the topic of duration of AS use for PACs. In addition there were limited
numbers (three studies) to advise on the outcomes that occur when AS are
used for 96 hours or more, and whether prolonging this time further would
increase the risk of PAC-BSI among critically ill patients. It was of concern that
only one of these studies was an RCT, and that in this study only 58 patients
were randomised to the AS use for “4–8 day” group (Luskin et al., 1986). The
other two studies were cohort studies where, although AS were used for as long
as the PAC was needed (and thus potentially beyond 96 hours), it was unclear
how many patients actually had AS used for this length of time; the mean
duration of use was three days in both studies, and so it is unlikely that many
patients did have AS used beyond the 96 hour timeframe (Ducharme et al.,
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1988; O‟Malley et al., 1994). This is in stark contrast to the current clinical
practice guidelines from the CDC and others, who recommend four to seven
day use of AS as a general recommendation for intravascular access devices
care. It is concerning that changes in practice appear to have been made
outstripping the availability of evidence. It appeared most crucial that the current
recommended times of four and seven days should be compared for their
equivalence in preventing infection outcomes. All existing studies were
undertaken some time ago with the results from the most recent RCT published
in 1998 (McLane et al., 1998); in that study the reported infection rate was low
(0.8%). It was clear that further research was needed on this topic, but it was
likely that a very large sample size and a multi-centre design might be
necessary to progress knowledge in this area. As such, a feasibility study was
imperative to inform and justify the conduct of a large scale RCT to compare the
impact of AS replacement for PAC at four days versus seven days.

5.4

Research aim

This study aimed to assess the feasibility of conducting a full-scale equivalence
RCT, using pre-determined questions related to: recruitment, randomisation,
intervention fidelity, retention, missing values, resource implications and effect
size.

5.6

Overview of feasibility studies

Feasibility studies are indicated when there are few previous published studies
evaluating a specific intervention (Bowen, Kreuter, Spring, Cofta-Woerpel,
Linnan, Weiner, Bakken, Kaplan, Squiers, Fabrizio, & Fernandez, 2009 ;
Thabane, Ma, Chu, Cheng, Ismaila, Rios, Robson, Thabane, Giangregorio, &
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Goldsmith, 2010). They provide a detailed analysis to determine if a potential
intervention is worthy of further testing for effectiveness, efficacy or equivalence
in a subsequent larger study (Bowen et al., 2009). As such, feasibility RCTs
provide preliminary evidence for a drug or intervention to support undertaking a
larger RCT that can definitively answer the research question (Jones, Gebski,
Onslow, & Packman, 2001; Thabane et al., 2010). Large RCTs are extremely
expensive, and thus it is vital for their protocols and processes to be assessed
for feasibility, with any modifications necessary made, after an initial small
study.

Practically, the purpose of feasibility studies are to test study procedures to
ensure that they work in „real life‟, to assess the validity of tools and, to provide
firm estimations of parameters in outcome variables in order to calculate an
adequate sample size for a full phase III trial to test statistical hypotheses
(Arain, Campbell, Cooper, & Lancaster, 2010). According to van-Teijlingen and
Hundley (2001), feasibility studies provide a rationale for conducting larger
RCTs by: (1) informing the design of a research protocol; (2) developing and
testing research instruments; (3) assessing the success of recruitment
approaches; (4) identifying logistical problems; (5) determining what resources
are needed (e.g. finance, staff); and, (6) assessing the proposed data analysis
techniques to uncover potential problems (Van-Teijlingen & Hundley, 2001).
Pilot feasibility studies ensure subsequent trials are methodologically rigorous,
feasible, and economically justifiable (Arnold, Burns, Adhikari, Kho, Meade, &
Cook, 2009; Lancaster, Dodd, & Williamson, 2004).
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Small-scale trial design affords the high internal validity to maximise confidence
that the outcomes can be attributed causally to the treatment (Bowen et al.,
2009). However, due to their small sample, feasibility studies cannot evaluate
the effectiveness, efficacy or equivalence of the outcome of interest (Arain et
al., 2010).

5.7

The principles of randomised controlled trials

A randomised controlled trial (RCT) is considered the „gold standard‟ of
quantitative research design. RCTs are scientific comparative experiments that
involve adherence to important principles that eliminate or reduce bias at all
stages of the design and execution of the trial. These principles are: (1)
randomisation to treatments, (2) involvement of a control or comparison group,
(3) blinding of patients and key staff to the intervention/control, (4) an intentionto-treat analysis, (5) safety monitoring, and (6) careful data management
(Kendall, 2003). The Consolidated Standards for Reporting Trials (CONSORT)
Statement argues that when RCTs are appropriately designed, conducted, and
reported (Schulz, Altman, & Moher, 2010), they can reliably evaluate health
care interventions that improve patient outcomes and/or reduce cost (Jones et
al., 2001; Lord, Irwig, & Bossuyt, 2009). Moreover, RCTs are the most rigorous
way of determining whether a cause-effect relation exists between treatment
and outcome, and for assessing the cost-effectiveness of a treatment (Sibbald
& Roland, 1998). Although the design for Phase II of the research programme
was a feasibility pilot RCT, the fundamental elements of a RCT were applied in
order to maximise the benefits of this design.
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The first crucial element in performing a RCT is the randomisation method
whereby all patients have an equal chance of entering either study group . Valid
randomisation must be undertaken via a process whereby different treatments
are allocated to patients in a trial by a chance mechanism that eliminates
selection bias and balances prognostic factors to create a control group as
similar to the treatment group in all respects possible (Chan, 2003). This is
ideally undertaken by a centralised randomisation service that is independent of
the clinical or research staff. The aim of random allocation is to ensure that trial
participants‟ risk factors that may affect the outcome under investigation are
balanced between the allocated treatment groups (Heritier, Gebski, & keech,
2003). It is also essential that pre-randomisation concealment of the allocated
treatment be adhered to, so that bias cannot be introduced at the stage of
assigning subjects to their groups (Schultz & Grimes, 2002).

As a RCT measures effectiveness, efficacy or equivalence of two or more
interventions, it is important that the trial protocol contains a detailed description
of the intervention and that this is applied consistently (Jones et al., 2001).
Writing a thorough and comprehensive trial protocol is essential (Kendall,
2003). This is so that all staff involved in the trial can reliably deliver the
intervention, and this can be monitored in order to understand whether the trial
has succeeded in testing the intervention of interest, or whether the intervention
is even able to be feasibly performed. The protocol should encourage equal
treatment of patients in both study groups, for all other factors that could
potentially influence the study outcomes.
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Post-randomisation „blinding‟ (or „masking‟) of treatment allocation can prevent
treatment bias as well as reducing the risk of bias during the collection of
outcome data. Participants and researchers including those measuring the
outcome variables should be blinded during the trial where possible (Kendall,
2003). Ideally, masking is achieved through the use of a placebo or „dummy‟
intervention, but this is not always possible, depending on the nature of the
intervention.

Analysis by intention-to-treat is the next important element of high quality RCTs
whereby patients are analysed within the group to which they were allocated,
irrespective of whether they experienced the intended intervention (Kendall,
2003). Intention-to-treat analysis preserves randomisation and ensures an
unbiased statistical analysis (Jones et al., 2001). The CONSORT Statement
Guidelines for reporting RCTs emphasise that full reporting of any deviation
from random allocation and missing data is essential for intention-to-treat
analysis (Schulz et al., 2010).

Equal follow-up of all patients, and low attrition rates are key strategies of
RCTs. Safety monitoring of participants and a rigorous approach to data
management are essential quality control elements of RCTs. These factors are
essential in order to ensure and maintain the scientific integrity of the research
process (Artinian, Froelicher, & Vander-Wal, 2004). Quality control of data
management begins when developing the trial protocol and continues during
the study. According to Kendall (2003) an inadequate approach to quality
control will lead to potentially significant errors resulting from poor reporting,
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missing data or inaccurate results. A well-designed RCT will reduce errors and
bias, and provide strong evidence of a cause-effect relation of the intervention.

5.8

Conceptual map for the research

Figure 5.1 provides a pictorial representation of the way this research
programme (including Phases I and II) were conceptualised and executed. As
explained in Chapter 2, Phase I of this research entailed a comprehensive
synthesis of the current evidence pertaining to AS replacement for PACs. The
systematic review revealed limited evidence in this area with only six studies
(three RCTs and three cohort studies), all of which were dated and/or underpowered statistically to detect differences between groups in key outcomes.
There was no recent study with an adequate sample size examining optimal
replacement of AS for PACs for the current recommended timeframe of four to
seven days use.

Following the Phase I findings, a Phase II (feasibility study) was designed to
answer a number of research questions. Once Phase I was finalised, it became
clear which interventions needed to be tested to move the state of knowledge
forward on the research topic. The feasibility RCT was designed to assess the
justification of performing a large-scale trial of AS replacement for PAC using
pre-determined questions related to recruitment, randomisation, intervention
fidelity, retention, missing values, resource implications and effect size. The full
scale definitive RCT is beyond the scope of this PhD programme , but will be
achievable in the post-PhD phase, building on the valuable contribution of the
systematic review and the pilot feasibility trial.
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PHASE I

PHASE II

Synthesis of
current
evidence

Limited evidence (3
RCTs with 226
patients; 3 cohort
studies with 219
patients)

POST PhD

Recruitment

Randomisation

Retention &
missing values

Systematic
review
No recent

Feasibility of
RCT

Is it
f easible?

Progress to
large,
multi-site
RCT

Intervention
fidelity

To inform the
design of an
experimental
study to test
extended AS
duration



Need for
research
beyond 4 days
AS use

 Need to test 4
vs 7 day timeframe
for equivalence

Resource
implications

Effect size

Figure 5.1: Conceptual map for the PhD Programme
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5.9 Phase II research questions
There were several questions posed in Phase II, and the feasibility trial was
designed to answer these:
1. What proportion of ICU patients are eligible to enter the study per month,
and how many of these consent to participate?
2. How successful is the randomisation process at providing comparable
groups of equivalent sizes?
3. What proportion of participants withdraw consent during the study or are
lost to follow up for PAC-BSI, BSI, tip colonisation, and mortality endpoints?
4. How many participants in the Day 4 and Day 7 groups actually get the
correct AS replacement as per protocol, and what are the reasons for
protocol violations?
5. What are the time and cost requirements for screening, recruitment, data
collection, and monitoring?
6. What is the incidence of PAC-BSI, overall bloodstream infection, tip
colonisation and mortality in the two groups, and what sample size would be
required for a larger RCT on this topic?

5.10

Methods

5.10.1 Setting
The 13-month recruitment phase for this study was undertaken in a 21-bed
intensive care unit (ICU) at The Prince Charles Hospital, a tertiary medical and
surgical cardiothoracic unit, in Brisbane, Australia.
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5.10.2 Timing of study
Recruitment was from July 2011 until the target sample size was achieved in
July 2012.

The researcher provided information about the study to the nurse managers
and clinical nurses during the monthly ICU staff meetings. The researcher also
outlined the study protocol to the clinical nurses at the bedside on the day that
patients were recruited and screened patients admitted to the ICU according to
the inclusion criteria for eligibility for the study. This study permitted the
inclusion of any patients with PACs inserted during admission to any clinical
area, including the emergency department, operating room and other hospitals.

5.10.3 Recruitment and consent process
The ICU admission database was used to screen for potential patients. Each
day potential participants were screened using an eligibility screening check list
(See Appendix 1). Patients who met all inclusion criteria and no exclusion
criteria were eligible for enrolment. Informed consent was then sought from the
patient themselves or from the surrogate decision maker (usually the next of
kin/relative) if the patient was unable to consider and make this decision for
themselves. The next of kin was approached if the eligible patients were
unconscious or heavily sedated The policy in the ICU was that only the ICU
doctors or nursing research staff could approach patients/relatives fo r consent.
Therefore, the researcher screened and identified the patients for potential
inclusion, and then handed this information to the ICU doctors on nurse
researchers to request consent.
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The patients and/or their relatives were given an Information Sheet (Appendix
4) which outlined the study and emphasised that participation was voluntary and
that declining the study would have no negative impact on the patient‟s
treatment or relationship with hospital staff. As this was considered a low risk
study, which compared only two different timeframes for AS replacement, the
Human Research Ethics Committee approved a process known as the
“Documentation of Verbal Consent to Participate” process was followed (see
Appendix 5). This meant that only the ICU staff member requesting the consent
and another staff witness were required to sign the actual consent document.
The patient and/or relative was not required to sign. The staff member still gave
a full explanation of the study and allowed time for the person to ask questions
and to consider the information before making a decision. If consent was
gained, the researcher was notified of a new study entry.

5.10.4 Sample inclusion and exclusion criteria
The inclusion criteria were:
1.

PAC in situ requiring AS with expected therapy scheduled to be more
than seven days

2.

PAC already in situ for 72–95 hours

The rationale behind inclusion criteria one was that in order to truly test the
intervention of four days versus seven days AS use, then the PAC would need
to be in use for at least seven days. If this was not the case, then it would be
impossible to draw appropriate conclusions as to the safety of seven day AS
use, if for example, most PACs were removed by Day 4 in both groups.
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Inclusion criteria two was selected so that patient recruitment would not occur
before the PACs were already in place for at least 72 hours. It was thought that
this would be a preferable time to recruit patients than earlier, at PAC insertion.
This was because it is not always possible to predict which patients will have
their PAC remain in place (and therefore need AS) for a week or more. Patient
conditions can rapidly change after the PAC is inserted, and the patient may
either improve and have their PAC removed, or decline and demise before Day
4 or Day 7.

The exclusion criteria were:
1. Current bloodstream infection (BSI)
2. Planned PAC removal within 24 hours, or
3. PAC already in situ for more than 96 hours, or original AS already
“routinely replaced”.

The reason for exclusion criteria one was that the planned primary endpoint for
the larger trial was to be PAC-BSI, and if the patient already fit the criteria for
BSI at baseline, it would be impossible to then assess whether the timing of the
AS change had any impact on the outcome of infection.

Exclusion criteria two was designed as another check for recruiting staff to
ensure that the PAC was not going to be removed imminently anyway
(regardless of the trial). Many PACs are inserted as short-term, post-operative
lines, and it was felt that this was another way of focussing recruitment on the
longer dwell PACs which were needed to test the intervention.
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Finally, exclusion criteria three was needed to ensure that patients could be
genuinely subjected to Day 4 AS use, if that was the group allocated. If 96
hours had already passed, it would be too late to change the AS on Day 4.
Similarly, if the nursing staff had for any reason already replaced the original
AS, then the patient would not be available to test four day versus seven day
AS use. This scenario sometimes happens, for example, when agency nurses
work in the ICU and they follow their home unit‟s policy for routine AS changes,
which may be more frequent than four days, or may follow a calendar rule such
as “Mondays and Thursdays” for AS replacement.

5.10.5 Sample size
Since the aim of this pilot study was to test the feasibility of the definitive RCT
and the acceptability of the protocol and interventions, and not hypothesis
testing, power calculations were not a valid consideration for sample size.
Different recommendations have been made for sample sizes appropriate for
pilot studies (Johanson & Brooks, 2010). The sample size may be based on
feasibility alone, with groups of up to about 40 required to effectively compare
groups (Hertzog, 2008; Julious, 2005). It was decided that the feasibility study
should recruit 100 ICU patients with 50 patients in each group in order to
provide initial insights into the performance of the intervention tested, as well as
to the suitability of the RCT protocol.

5.10.6 Randomisation
Once patients with PACs entered the study they were randomised to either the
Day 4 or Day 7 AS replacement group. Recruitment (and randomisation)
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occurred on day three or four after PAC insertion, so as to avoid recruiting
patients who had their PACs removed prior to the earliest timing of the
intervention (Day 4). The randomisation sequence comprised a simple 1:1 ratio
to either the Day 4 AS change (control) group or the Day 7 AS change
(experimental) group. Permuted blocking was not used. Allocations were
computer

generated

using

a

hand-held

device

that

performed

instant

randomisation once all entry criteria were confirmed, configured by the Griffith
University Information Technology department. This process is overseen by
statisticians and mathematical programmers. Patients were only able to enter
the study once, even if they had multiple PACs inserted. This was to maintain
the independence of the units of measurement and maintain the true sample
size of 100 for statistical analysis. Following this process, the clinical staffs were
advised as to which group the patient had been randomised, and a brightly
coloured tag was affixed onto the AS to indicate the group allocation and the
due date for AS replacement. This assisted in protocol awareness by the clinical
staff.

5.10.7 Concealment allocation
Allocation to the study groups was completely concealed from patients,
research or clinical staff until the point of randomisation. This was because the
centralised randomisation service was used, with each random allocation
generated by the computer only at the exact time of study entry. The
randomisation was not performed until informed consent was obtained and all
inclusion (and no exclusion) criteria had been met. Thus, there was no way that
any allocation bias could affect the decision to place patients in either study
group in a way that might favour one of them for the study outcomes.
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5.10.8 Procedures
Patients in the experimental group had their PAC AS replaced every seven
days, and patients in the control group had the PAC AS replaced every four
days. This was performed by the clinical nurses in line with standard procedures
in the unit using aseptic non-touch techniques. Because this was a standard
ICU nursing procedure (only the timing changed because of the research
study), it was reasonable to assume that this was performed consistently across
the study groups. Any additional AS reconfigurations that were needed in both
groups due to clinical reasons occurred as usual. This meant that AS activities
such as the additions or completion of infusion bags, PAC removal, or
correction of AS malfunction, were undertaken as usual, but also recorded by
the clinical nurse looking after the patient and provided to the researcher.

A form (Appendix 2) was clearly posted near the nurses‟ medication preparation
area detailing that participants were on the study, and when their allocated AS
replacement regime was due. This was to ensure that the clinical nurses were
aware of the patient allocation and would adhere to the timeframes i.e. to check
the fidelity of the intervention. Information regarding the study participants and
treatment group were also documented on the ICU health record so as to be
clear to nurses when the AS was due to be replaced. The researcher completed
a daily follow up on each patient in the study to remind staff and to ensure that
the AS change occurred on the due date in order to prevent protocol violations.
If these did not occur as allocated, the reasons for this were collected by the
researcher from the clinical staff.
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Clinical staff were responsible for the insertion and care of the PAC and the AS,
following the local Queensland Health “iCare” policy (CHRISP, 2007), which is
substantially consistent with the CDC guidelines (O‟Grady et al., 2011). The
removal of PACs was at the discretion of the treating clinician. Patients had
PACs removed once their therapy was completed; for routine replacement of
the PAC (this was not officially performed, but some doctors gave this as a
reason); or on discharge to the general ward.

The researcher had no involvement in the decision to remove PACs, or to order
blood or catheter tip cultures. These were all undertaken as per the direction of
the ICU treating medical staff. This was to avoid assessor bias or ascertainment
bias, whereby one group could have been followed up more thoroughly with
investigative procedures that the other, and thus have been more likely to get a
positive diagnosis for the endpoints. Similarly the researcher did not undertake
any clinical care related to the PACs, did not remove them, culture tips , or draw
blood for culture. This was another way to avoid any risk of pe rformance or
assessor bias affecting study results.

5.10.9 Blinding/masking study allocation
This trial was able to be blinded for the primary endpoint of PAC-BSI, and the
secondary endpoint of device colonisation. This was achieved because staffs in
the hospital microbiology laboratory were unaware of the treatment group, and
used highly structured, standard diagnostic definitions, and routine processes.
In fact, these staff were not believed to be aware of the trial at all.
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The researcher could not be blinded to treatment group allocation because she
was involved in the randomisation of patients to treatment groups and
monitored the integrity of the intervention protocol each day as well. However,
the researcher did not assess the endpoints, and as such it is unlikely that this
introduced bias. Similarly, AS replacement procedures and times could not be
concealed from the patients or the clinical staff, but it is unlikely that they would
purposefully increase infection risks for patients in either group.

5.10.10 Study variables
Feasibility endpoints
The primary outcomes of concern in this feasibility study were in relation to the
recruitment process, randomisation, participant retention, amount of missing
data for the primary endpoint, intervention fidelity, resource implications and
effect size. The following were pragmatically chosen to indicate the feasibility of
a larger trial on this specific topic in this patient cohort:
 Recruitment process:
o That the sample size of 100 would be recruited in one year
o That 90% of people approached to participate would consent
 Randomisation
o That equal numbers would be randomised to the study groups
o That there would be no statistically significant differences between
groups at baseline for the patient characteristics of:


Age, gender, Acute Physiology And Chronic Health
Evaluation Score (APACHE II score), ICU and Hospital
days at study entry, admission category, history of diabetes
mellitus, current infection.
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 Intervention fidelity
o At least 85% of participants receiving at least one intervention as
randomised
o No more than 5% protocol violations (incorrect group)
 Retention
o Less than 2.5% patients withdrawn from the study
 Missing Data
o 95% of follow up for the primary endpoint
 Resources
o Costs of less than AUD$150 per patient to complete all processes
 Effect Size
o CRBSI rates to allow a future sample size of less than 1000
participants to achieve 90% statistical power at p=0.05.

Clinical Endpoints (proposed study endpoints for a future larger trial)
Primary Endpoint: PAC-BSI
The proposed primary endpoint for the major RCT was PAC -BSI. This was
collected as dichotomous data; therefore, as a „yes/no” outcome for PAC-BSI.

The CDC published definitions were used as follows:
“A primary bacteraemia or fungaemia with one or more positive blood cultures
from a peripheral vein with no other identifiable source for the BSI other than
the PAC, plus one of either a positive semi -quantitative (>15cfu) or quantitative
(>103 cfu) device culture with the same organism (species and antibiogram)
isolated from the device and blood” (O‟Grady et al., 2002).
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PAC-BSI data was collected for all patients by reviewing the microbiological
data generated during the period of the PAC catheterisation, and for 48 hours
post removal of the PAC. The researcher checked the results of the patients‟
blood cultures and catheter tip cultures through the hospital laboratory database
called „Auslab‟. The reliability and validity of this measure was confirmed by its
use as a routine diagnostic definition as well as a routine process in the
microbiological laboratory.

To further enhance the reliability of the measure, it was planned that all patients
who appeared to meet the criteria for PAC-BSI would have their de-identified
and allocation-masked results reviewed by a blinded medical specialist and
blinded microbiologist familiar with the diagnosis and treatment of PAC -BSI. A
standard data collection form and all data necessary for CRBSI diagnosis as
per the CDC definitions would be supplied to the blinded clinician and
microbiologist. This included clinical symptoms, device details, antibiotic and
immune-suppressant use, microbiological results (blood, device, and other
cultures), concurrent infections, response to BSI treatment and/or removal of
PAC. The form did not identify the patient or the treatment group.

Secondary endpoints
As proposed secondary endpoints for the major trial, bloodstream infections
(BSI), PAC tip colonisation, and mortality data were collected. These were both
recorded in dichotomous data format (yes/no for the presence/absence of the
conditions).
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Bloodstream Infections (BSIs)
There were defined using either of the two CDC Criteria for a Primary
Laboratory Confirmed Bloodstream Infection for adults (Horan, Andrus, &
Dudeck, 2008):

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.

2. Patient has at least one of the following signs and symptoms: fever (>38
degrees Celsius), chills, or hypotension,
and,
signs and symptoms are not related to an infection at another site,
and,
common skin contaminant is cultured from 2 or more blood cultures drawn
on separate occasions.
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PAC Tip Colonisation
PAC colonisation was defined as growth of > 15 colony forming units (cfu) from
the distal segment of the PAC tip on removal, using the semi quantitative
method (Maki, Weise, & Sarafin, 1977; O'Grady et al., 2002). Tips were only
cultured if the PAC was suspected as the source of sepsis and this decision
was made by the treating medical staff. It is not recommended to routinely
culture tips as clinically cultured samples have been shown to lead to identical
rates of infection (Maki et al., 2006). The hospital microbiology system for
results was checked after 48 hours post PAC removal to allow time for growth.

Mortality
Mortality was collected from the hospital patient management system for the
period while the PAC was in situ or for 48 hours afterwards. If mortality was
possibly related to the study (for example, due to suspected or diagnosed PACBSI) this was reported to the Human Research Ethics Committee as a Serio us
Adverse Event.

5.10.11 Data collection
Data was recorded on the number of patients eligible from the screening logs ,
and the total number of ICU patients admitted was documented from the
hospital patient management system. Monthly randomisation tallies were
recorded as to how many patients randomised and to which group. Numbers of
patients and/or relatives approached, and numbers giving consent were
recorded. In addition, cases of withdrawal of consent were also noted. Protocol
violations,

including

the

reasons

why and

when they occurred,

were

documented in the participant case record.
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This feasibility study also measured the time required for a researcher to
undertake the total research procedure. An average of ten procedures was
calculated to measure the total time taken for a researcher to screen, consent
and recruit participants, replace the AS, and collect data at the 48 -hour followup point per day. Time was recorded in minutes to determine how long the
screening, recruitment, data collection and other study processes took to
perform. This data was relatively constant and so after ten procedures were
measured it was deemed unnecessary to collect this for the entire sample of
100. Cost requirements for all study processes were measured using
Queensland Health rates for registered nurses (AUD $34.62/hour) and
consenting was costed at clinical nurse rates (AUD $38.72/hour).

The specific demographic baseline and clinical characteristics of patients
collected included age, sex, Acute Physiology and Chronic Health Evaluation
(APACHE) II score, ICU days at randomisation, hospital days at randomisation,
type of admission, history of diabetes mellitus, and current infection. Baseline
characteristics of the PAC and AS replacement were also collected. The
researcher entered all data directly from the clinical databases or hospital charts
into a small hand-held electronic device established with a purpose-built
Microsoft Access database. Each AS replacement was documented on the
database from the hard-copy AS replacement form that was placed at the
patient‟s bedside. Microbiological data including BSI, PAC tip, and other
cultures taken during AS use and for 48 hours post removal were also
documented on the database. Mortality status was recorded in the ICU
database called „Metavision‟.
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5.10.12 Data analysis
Feasibility analysis was largely descriptive and used to examine the recruitment
and randomisation patterns, timings of AS replacement and any protocol
violations, amount of data and patients lost to follow up. Cost data was
analysed descriptively and broken down by each phase of the study workload.

The clinical data were analysed using descriptive and inferential statistics.
Numerical data were tabulated for frequencies and distribution, in total and
separated by group. Prior to analysis, the researcher cleaned data with a focus
on rechecking any outlying figures, missing, and implausible data was
undertaken. All the data were entered directly using Microsoft Access and then
exported into SPSS (Version 20.0, SPSS Inc, Chicago, IL).

The Shapiro-Wilk test was used to examine the distribution of continuous
variables including age, APACHE II score, and ICU and hospital days at
admission. Comparison between groups at baseline was made using the
Pearson Chi-square test for gender, history of diabetes mellitus and current
infection. T-test analysis was used to assess the similarity of the two groups for
age, gender, APACHE II score and ICU and hospital days at admission. An
alpha value of less than 0.05 was considered significant for all analysis.

The comparison of PAC-BSI, all BSI, PAC tip culture and mortality outcomes
were compared descriptively between study groups. All randomised patients in
both groups were included in an intention-to-treat analysis, regardless of which
treatment they actually received. PASS Power Analysis & Sample Size system
(NCSS, Utah) was used to calculate required sample sizes.
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5.11

Ethical considerations

5.11.1 Ethical approval
Ethical considerations for the Phase II study were based on the National Health
& Medical Research Council‟s (NHMRC) principles of ethical conduct (NHMRC,
2007) . Ethical approval was obtained from the Human Research Ethics
Committees Gold Coast Health Service District (HREC/10/QGC/110) and
Griffith University Human Research Ethics Committees (See Appendix 3) for the
planned large multi-site study, and this incorporated approval for the student
research comprising the feasibility trial.

5.11.2 Research merit and integrity
This study had sound ethical principles with the altruistic aim of improving
patient care through scientific research. The phase I systematic review found
limited evidence to suggest that AS replacement at 96 hours either increased or
decreased the risk of PAC-BSI among critically ill patients, thus weekly
replacement of AS for PACs appeared to be a reasonable proposal.

5.11.3 Justice
Justice requires that research subjects are treated fairly and not placed at a
disadvantage or faced with excessive risk (Rose & Kasner, 2011). The ethical
principle of justice in this study was achieved through the process of fair
recruitment where all patients had equal chance of being randomly assigned to
either the Day 4 AS change (control) group or Day 7 AS change (experimental)
group. In addition all patients continued to have ongoing monitoring and
treatment of the health conditions as usual by the ICU clinical staff.
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5.11.4 Beneficence
Beneficence in clinical trials refers to the goal of promoting the best interest and
health of study subjects, which requires doing good or avoiding harm to the
patients (Rose & Kasner, 2011). In this feasibility study, the goal was to improve
the best use of ICU nursing time by undertaking procedures as needed and at
the timing needed. In addition, it was aimed at making the health care system
more

cost-efficient

by

reducing

frequency

of

potentially

unnecessary

procedures. Patients were informed about the potential benefits and risks
associated with participating in the study as outlined in the Participant
Information Sheet provided to them (See Appendix 4). Any serious adverse
events were monitored and reported to the Ethics Committees as per the
NHMRC National Statement on Ethical Conduct in Research Involving Humans
(NHMRC, 2007).

5.11.5 Respect
The ethical principle of respect was demonstrated in this study whereby all
eligible patients (or their next of kin) were treated with dignity and care when
approached for consent and while the study was in progress. Many relatives
were distressed at various times and were also generally tired and worried, so
this treatment was additionally important. Patients were also at a vulnerable
period, being very reliant on hospital staff for their daily cares, and were
sometimes confused, in pain, or delirious. Once participants had provided
consent, they received a copy of the information sheet and a leaflet with contact
details in case further information was required.
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5.12

Conclusion

This chapter has outlined the feasibility RCT design used to explore spec ific
criteria in relation to recruitment, randomisation, intervention fidelity, retention,
missing values, resource implications, and effect size, in this programme of
research examining the optimal interval of AS replacement for PACs. The best
principles of RCT design were used to guide this Phase II aspect to ensure any
methodological issues related to applying the intervention or measuring
outcome variables were performed optimally. The methods used in this
feasibility RCT were designed to ensure that it was conducted with integrity to
produce a set of findings that would help to validly assess the optimal interval of
AS replacement for PACs in a larger equivalence RCT.
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CHAPTER 6: RESULTS
6.1

Introduction

This chapter presents the analysis of the study results using descriptive and
inferential statistics. Firstly, the results of the screening and recruitment
processes are presented, including the characteristics of those screened and
recruited reported. Secondly, randomisation outcomes including group sizes
and details of the ratio of randomisation for the two study groups are presented,
and the comparability of the two groups at baseline for important patient and
catheter characteristics is reported. Patient progress through the study including
intervention fidelity and

follow-up

are

then presented. Time and cost

requirements for the study processes are presented. Information on the
endpoints of CRBSI including effect size, all BSI, tip colonisation, and mortality
are reported. The chapter concludes with a summary of the findings of this
feasibility study.

6.2

Screening and recruitment

Screening
Screening took place in a 21-bed tertiary cardiothoracic medical and surgical
intensive care unit (ICU) at The Prince Charles Hospital, from July 2011 until
July 2012. The researcher screened for eligible patients every Monday,
Wednesday, and Friday during the study period. A total of 353 patients were
screened out of a total of 2020 ICU admissions over that period, thus 17.5% of
all ICU admissions were screened for eligibility.

Patients were screened for the following inclusion criteria: expected PAC dwell
time to be more than seven days, and PAC already in situ for 72–95 hours.
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Screening took place on the third or fourth day after PAC insertion. Of the 353
screened

patients,

those

with medical or

cardiac

surgical diagnoses

represented the majority of patients: 202 and 101 respectively (see Table 6.1).

Table 6.1
Month

Monthly screening numbers by diagnostic group
Screened

Medical

Emergency

Non-

Elective

patients

n (%)

Surgical

Cardiac

Cardiac

n (%)

Elective

surgical

Surgical

n (%)

n (%)

n (%)
July 2011

8 (2)

7 (87)

0

0

1 (13)

Aug 2011

21 (6)

18 (86)

0

2 (9)

1 (5)

Sept 2011

31 (8)

21 (68)

1 (3)

3 (10)

6 (19)

Oct 2011

30 (8)

12 (40)

3 (10)

7 (23)

8 (27)

Nov 2011

21 (6)

9 (43)

2 (9)

2 (9)

8 (38)

Dec 2011

29 (8)

13 (45)

2 (7)

3 (10)

11 (38)

Jan 2012

20 (6)

10 (50)

2 (10)

3 (15)

5 (25)

Feb 2012

28 (8)

15 (54)

0

6 (21)

7 (25)

Mar 2012

38 (11)

18 (47)

2 (5)

6 (16)

12 (32)

April 2012

39 (11)

27 (69)

0

3 (8)

9 (23)

May 2012

27 (8)

12 (44)

1 (4)

0

14 (52)

June 2012

43 (12)

30 (70)

0

0

13 (30)

July 2012

18 (5)

10 (56)

1 (6)

1 (6)

6 (33)

353

202 (57)

14 (4)

36 (10)

Total

101 (29)

Recruitment
Of the 353 patients screened, 113 patients were eligible for inclusion, and 100
of these patients were recruited into the feasibility study: 50 in each treatment
group (Figure 6.1). PACs were typically inserted in the radial artery (83/100,
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83%), and in the intensive care unit (71/100, 71%) or operating theatre (25/100,
25%). It took 13 months to achieve the target sample size of 100 patients. This
was slightly longer than the pre-stated feasible recruitment timeframe of 1 year.

Once it was determined that a patient was eligible, generally the next of kin,
occasionally the patient, was contacted to explain the study and to request
consent to participate. Of the 113 eligible patients, 13 (12%) did not enter the
study. Of these 13, nine of these participants‟ next of kin declined for their
relative to participate, and in four cases consent was unable to be obtained
within a timely manner to meet the end of the Day 4 recruitment window. Thus
the decline to consent rate was 9/113 (7.96%), that is a consent rate of 92%
which was higher than the pre-stated feasibility rate of 90%. Eighteen of the 100
(18%) eligible patients were able to give consent by themselves, and consent
was obtained from the next of kin for the other 82/100 (82%) patients. A detailed
breakdown of patient recruitment including screening, eligibility, consent, and
enrolment over the 13-month period is provided in Table 6.2.
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Figure 6.1: Flow chart of recruitment (CONSORT flow chart)

Screening

Enrolment

Allocation

Assessed for eligibility
(n = 353)

Exclusion criteria (n = 240)
Positive blood culture (n = 10)
Device expected to be removed
<24 hours (n = 6)
Discharged to ward - PAC removed
(n = 224)
Declined to participate (n = 9)
Did not get consent within 4 days of
catheter insertion (n = 4)

Randomised (n = 100)

Allocated to Day 4 replacement
(Control) (n = 50)
Received Day 4 Replacement
(n = 49)
Did not receive Day 4
replacement (n = 1)*
*Received Day 3 replacement

Allocated to Day 7 replacement
(Intervention) (n = 50)
Received Day 7 replacement (n
= 49)
Did not receive Day 7
replacement (n = 1)*

Follow-Up

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysis

Analysed (n = 50)
Excluded from analysis (n = 0)

Analysed (n = 50)
Excluded from analysis (n = 0)

*Received Day 8 replacement
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Table 6.2
Month

Proportion of eligible patients entering the study per month
ICU
admission

Patient

Patient

Declined

Did not

screened

eligible

consent

get

(n=353)

from

(n=9)

(%)

Patient
enrolled

consent

from

those

within 4

those

screened

days of

eligible

(n=113)

catheter

(n=100)

(%)

insertion

(%)

(n=4)
July 2011

187

8 (4%)

4 (50)

2

1

1 (25)

Aug 2011

186

21 (11)

15 (71)

3

3

9 (60)

Sep 2011

174

31 (18)

9 (29)

1

Oct 2011

166

30 (11)

12 (40)

12 (100)

Nov 2011

148

21 (14)

15 (71)

15 (100)

Dec 2011

156

29 (19)

6 (21)

6 (100)

Jan 2012

127

20 (16)

7 (35)

7 (100)

Feb 2012

151

28 (19)

13 (46)

13 (100)

Mar 2012

157

38 (24)

5 (13)

5 (100)

Apr 2012

135

39 (29)

10 (26)

10 (100)

May 2012

146

27 (18)

4 (15)

4 (100)

Jun 2012

143

43 (30)

7 (16)

2

5 (71)

July 2012

144

18 (13)

6 (33)

1

5 (83)

353

113

9

(17.5%)

(32%)

Total

2020

8 (89)

4

100
(88%)
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The final proportion of screened patients entered into the study was 100/353
(28%). Figure 6.2 illustrates the total number of patients screened and the
breakdown of patients screened but not entered; and, screened then entered to
the study.

Figure 6.2: Screening and recruitment pattern for study patients

Patients with a medical diagnosis formed the majority of those screened,
screened but not entered in the study as well as those who were screened then
entered in the study (see Table 6.3). The rates of screened patients ultimately
entering the study varied from 19% of cardiac surgical patients screened , to
53% of „other‟ elective surgical patients screened. The Chi-square test was
used to compare screened patients‟ eligibility for the study with their diagnostic
category. The analysis reported there was a statistical association between
whether screened patients were eligible and their clinical diagnostic group (p =
0.001).
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Table 6.3

Eligibility by baseline diagnostic group*

Clinical

n (% )

characteristics

Screened and

Screened and

not entered in

entered in study

study

n (% )

n (% )
Medical

202 (57)

146 (72.3)

56 (27.7)

Surgical emergency

14 (4)

8 (57.1)

6 (42.9)

Surgical elective

36 (10)

17 (47.2)

19 (52.8)

Cardiac surgical

101 (29)

82 (81.2)

19 (18.8)

353

253 (72)

100 (28)

Total

*by diagnostic group, p=0.001

6.3

Randomisation outcomes

Once eligible patients had consented to participate in the study, randomisation
to study group occurred on day three or four after PAC insertion. Figure 6.3
shows the total numbers of patients randomised into the Day 4 AS replacement
group and Day 7 AS replacement group per month. The graph indicates that
patient randomisation over the 13-month period ranged from a 0:1 to a 1:2 ratio
between the two groups, although over the course of the entire study this
became an equal ratio as outlined as a feasibility criteria.
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Figure 6.3: Monthly randomisation to study groups

Baseline demographic characteristics for the participants in the two treatment
groups are summarised in Table 6.4. There were significant differences
between groups at baseline for several but not all patient factors. These will
now be presented in turn.

6.3.1 Age
The age range for patients in the study was between 18 and 88 years old. As
seen in Table 6.4, patients in the Day 4 AS replacement group were four years
older on average than the patients in the Day 7 AS replacement group (p <
0.001).
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Table 6.4

Baseline demographic and clinical characteristics by group

Variable

Day 4 group

Day 7 group

(n = 50)

(n = 50)

60 (15.75)

56 (18.03)

< 0.001

Male

30 (60)

40 (80)

0.029

Female

20 (40)

10 (20)

21.5 (6.95)

19.55 (6.96)

< 0.001

3 (1.29)

4 (2.22)

< 0.001

6 (4.18)

7 (6.67)

0.091

Medical

28 (56)

28 (56)

0.032

Surgical elective

13 (26)

6 (12)

Surgical emergency

4 (8)

2 (4)

Cardiac surgical

4 (8)

14 (28)

7 (14)

15 (30)

0.045

1 (2)

1 (2)

0.102

Respiratory

0

2 (4)

Urinary

0

1 (2)

Respiratory & urinary

0

1 (2)

49 (98)

40 (90)

Age mean years (SD)

p value

Gender (n; %)

APACHE II score, mean (SD)
ICU days at randomisation, mean
(SD)
Hospital day at randomisation,
mean (SD)
Type of admission (n; %)

History of diabetes mellitus (n; %)
Current infection (n; %)
Wound

No infection
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Histograms for frequencies of the participants‟ ages in the Day 4 group (mean
age 60.38 years, SD 15.75) are presented in Figure 6.4, and in Figure 6.5 for
the Day 7 group (mean age 56.4 years, SD 18.03). Patients aged 60 years and
older were predominant in both groups. Normality tests, and a Q-Q Plot (see
Figure 6.6) for age were performed, with the Shapiro-Wilk test indicating that
age was normally distributed in both groups: Day 4 group (p = 0.19) and Day 7
group (p = 0.05).

Figure 6.4: Tabulated frequencies of age of patients in Day 4 group
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Figure 6.5: Tabulated frequencies of age of patients in Day 7 group

Figure 6.6: Q-Q Plot of age

6.3.2 Gender
As shown in Table 6.4, there were more males than females in both groups with
80% (n=40) in the Day 7 group and 60% (n=30) in the Day 4 group. Chi-square
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analysis confirmed a statistically significant association between group and
gender (p = 0.029).

6.3.4 APACHE II scores
APACHE II scores representing the severity of the patient‟s condition ranged
from 6–44 for study participants. There was one missing APACHE II score for a
patient in the Day 7 group. A Q-Q Plot test was performed, which showed that
APACHE II scores were normally distributed in both groups (see Figure 6.7). A
Student‟s t-test identified that a statistically significant difference between
APACHE II score and group existed (p < 0.001) with the actual mean difference
in scores between the two groups being 1.95 points higher (more severe) in the
Day 4 group.

Figure 6.7: Q-Q Plot of APACHE II score
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6.3.5 ICU days at randomisation
Across the study, the average patient was in ICU for mean 3.72 days (median
3.0 days, SD 1.85 days) at study entry. Table 6.4 shows the average number of
days that patients had already been in ICU on the day that they were
randomised. This was typically on day three or four of the ICU admission, which
was consistent with the days screened and inclusion criteria. However, there
was a significantly longer ICU stay at study entry of 0.8 days in the Day 7 group
(p < 0.001).

The number of ICU days at randomisation was also assessed for ea ch group.
Figure 6.8 and Figure 6.9 present the tabulated frequencies of ICU days at
randomisation for both the Day 4 and Day 7 groups respectively. It can be seen
that the distribution is relatively normal but somewhat skewed to the right in
both the Day 4 group (mean 3.32, median 3.0, SD 1.284) and the Day 7 group
(mean 4.12, median 4.0, SD 2.22).
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Figure 6.8 ICU days at randomisation for the Day 4 group

Figure 6.9 ICU days at randomisation for the Day 7 group
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6.3.6 Hospital days at randomisation
As seen in Table 6.4 the majority of randomisation was undertaken in patients
who were on the sixth to seventh day of hospitalisation, and this did not
significantly differ between groups (p = 0.091).

Overall hospital days at randomisation were assessed for normality and these
results are presented in Figure 6.10. The histogram displayed that the
distribution was generally normal but with some skew to the right from a small
number of outliers (mean 6.46, median 5.0, SD 5.56). Tabulated frequencies of
hospital days at randomisation are presented in Figure 6.11 for the Day 4 group
(mean 5.94, SD 4.18) and Figure 6.12 for the Day 7 group (mean 6.98, SD
6.67).

Figure 6.10 Histogram of days in hospital at randomisation
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Figure 6.11 Hospital days at randomisation for the Day 4 group

Figure 6.12: Hospital days at randomisation for the Day 7 group
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6.3.7 Diagnostic category
The types of admission for patients recruited included medical, surgical elective,
surgical emergency, and cardiac surgical (as outlined in Table 6.4). The
distribution of these categories differed between the study groups (Chi -Square,
p=0.032). More than half of the study patients had a medical diagnosis as their
primary condition in both groups (n = 28/50, 56% in both the Day 4 and Day 7
group). The biggest difference in diagnostic category was type of elective
surgery with 13 (26%) of patients in the Day 4 group admitted for elective
general surgery, and 14 (28%) of patients in the Day 7 group admitted for
elective cardiac surgery.

6.3.8 Diabetes on admission
As seen in Table 6.4, the percentage of patients with a history of diabetes
mellitus was 14% (n = 7) in the Day 4 group, but more than double this, at 30%
(n = 15) in the Day 7 group. This was significantly different on Chi-Square test
(p = 0.045).

6.3.8 Current infection at baseline
Any current infections were determined by source: that is, wound, respiratory, or
urinary. It can be seen in Table 6.4 that 10% (n = 5/50) of the patients in the
Day 7 group had an existing infection on the day that they were enrolled into the
study, in comparison to only 1/50 (2%) of patients with a baseline infection in
the Day 4 group. This difference was not statistically significant (p = 0.102).
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6.4

Intervention fidelity

6.4.1 Routine replacement of administration sets at least once
Patients were not recruited earlier than Day 3 in order to try and avoid recruiting
PACs that were then removed prior to the earliest possible timing of the
intervention (on Day 4). This randomisation strategy was to promote protocol
adherence and ensured that most participants had the PAC-AS used for at least
four or seven days. This strategy was successful more often in the Day 4 group,
where 90% of patients had their PAC-AS routinely replaced at least once. In the
Day 7 group this occurred for 60% of patients. This level was lower than the
target 80% intervention fidelity target.

The number of AS replacement procedures performed for PACs in both groups
is presented in Table 6.5. Of the total 180 AS replacements for both groups,
106 were undertaken for patients in the Day 4 group, and 74 in the Day 7 group.
Of the 106 Day 4 group replacements, 50 (47%) were the only episode of
routine AS replacement procedure performed. Whereas, 56 (53%) were a
second or subsequent occasion of a routine 4th daily AS replacement for that
patient. Of the 74 Day 7 group replacements, 50 (68%) were the only routine
AS replacement performed, and 24 (32%) were a subsequent 7th day routine
replacement.

A small proportion of routine AS replacements for the Day 4 group continued for
up to seven changes (some PACs were in situ for 28 days or more). The
maximum number of routine replacements for the Day 7 group only continued to
the third change (PACs in situ at least 21 days) (see Table 6.5).
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Table 6.5

Routine AS replacement procedures by study group

Number of routine AS

Day 4 group

Day 7 group

replacements (n=180)

(n = 106)

(n = 74)

Only routine change n (%)

50 (47.2)

50 (67.6)

>1, n (%)

56 (52.8)

24 (32.4)

2, n (%)

39 (36.8)

22 (29.7)

3, n (%)

11 (10.4)

2 (2.7)

4, n (%)

2 (1.9)

0

5, n (%)

2 (1.9)

0

6, n (%)

1 (0.9)

0

7, n (%)

1 (0.9)

0

The Day 4 group had a minimum PAC in situ time of 48 hours and a maximum
of 864 hours (median 144, IQR 102). The Day 7 group had a minimum PAC in
situ time of 48 hours and a maximum 504 hours (median 168, IQR 96). It can be
seen that the distribution of hours in situ per PAC was skewed to the right in
both groups (see Figures 6.13 and 6.14) and there was one extreme outlier in
the Day 7 group.
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Figure 6.13: Hours in situ per PAC in the Day 4 group

Figure 6.14: Hours in situ per PAC in the Day 7 group
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6.4.2 Protocol violations
Research protocol adherence for PAC-AS replacement in both groups was
closely monitored. There were only two protocol violations for the duration of the
13-month study, one in each group. Thus, the rate of compliance was 98% in
both groups (and violations 2%, which was below the 5% margin set for
feasibility).

The protocol violation in the Day 4 AS replacement group related to an AS
change that occurred one day before the protocol schedule (i.e. on Day 3). This
protocol violation occurred because the patient had another intravascular device
that required an AS replacement and the nurse decided to replace the PAC AS
at the same time. The other protocol violation occurred in the Day 7 AS
replacement group, in which the AS change occurred one day after the
scheduled replacement (i.e. Day 8). The reason given by nurses for performing
the AS replacement one day after the scheduled time was time constraints due
to general „busyness‟.

6.5

Retention and missing data

Over the course of the study, no patient or relative withdrew their consent (0%).
This was less than the predefined feasibility level of 2.5%. In addition, there was
100% follow-up for the primary and secondary endpoints. Thus there was nil
attrition or missing primary outcome data in either group. As per the study
protocol, participants completed the study at 48 hours post removal of the PAC.
The 48 hours the follow-up procedure for microbiological information was
conducted by checking the results of PAC tip and blood cultures as well as
mortality on the hospital admission record. No patients were lost to follow up, as
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PACs were removed on discharged from ICU, prior to transfer to another
hospital, or when the patient died.

6.6

Time and cost resource requirements

Timings were recorded for screening, consent, recruitment, data collection, and
follow up. As seen in Table 6.5, the average time taken for each study process
averaged from 5.4 to 23 minutes per patient with the screening process proving
to take the longest time. In total, the whole study process was found to require
on average 54.6 minutes per patient. Once nursing wages were accounted for,
the average cost per study process ranged from AUD $3.11 to AUD $13.27 per
patient, with the average total cost per patient of $31.90 as described in Table
6.6.

Table 6.6

Time and cost requirements for study processes
Average time

Average cost

(minutes)

AUD ($)

Screening

23

13.27

Consent

6

3.87

Recruitment

5.4

3.11

AS replacement

9.2

5.31

48 hours follow up

11

6.34

54.6 minutes

AUD $31.90

Total per patient

The cost of equipment used for an episode of AS replacement is described in
Table 6.7. The total cost was divided into two categories: the cost using a single
transducer set, and the cost using a double transducer set. The cost of AS
replacement was AUD $23.73 for a single PAC transducer and AUD $40.53 for
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a double transducer (if the patient had a transducer flush bag infusing into both
the PAC and a central venous catheter). The cost for total replacement using
single and double transducers in both groups throughout the study is described
in Table 6.8.
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Table 6.7

Cost of equipment for AS replacement

Equipment

Cost using a single

Cost using a double

transducer

transducer

AUD ($)

AUD ($)

16.80

33.60

1L Normal Saline bag

1.53

1.53

Extension tubing

5.40

5.40

AUD $23.73

AUD $40.53

Transducer/s

Total

Table 6.8
Group

Overall costs for AS replacement by study group
Frequency of AS

Single transducer

replacement

Double
transducer

procedures
Day 4

Day 7

6.7

106

74

AUD $23.73 x 106

AUD $40.53 x 106

= AUD $2,515.38

= AUD $4,296.18

AUD $23.73 x 74 =

AUD $40.53 x 74 =

AUD $1,756.02

AUD $2,999.22

Effect size and clinical endpoints

6.7.1 Peripheral arterial catheter-related bloodstream infection
In total, 10/100 (10%) of study patients were suspected of PAC-BSI with the
treating doctor deciding to remove the PAC and send both the PAC tip as well
as a blood sample to be cultured in the microbiology laboratory (See Figure
6.15). There were a similar number of these scenarios in each group, with 6/50
(12%) in the Day 4 group and 4/50 (8%) in the Day 7 group.
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However, in all 10 cases of suspected PAC-BSI, the results were received back
without the „matching‟ positive blood and tip culture results required to make a
diagnosis. Thus, the incidence of the primary endpoint was zero percent in both
groups – that is, no patient was confirmed with PAC-BSI during this feasibility
trial. Because of this zero incidence, it was impossible to calculate projected
sample size calculations using the actual effect sizes observed for PAC-BSI as
the endpoint for a larger definitive study.

As an alternative, sample sizes were calculated using 0.8% PAC -BSI as the
estimated Day 4 control group incidence. This figure was taken from a
systematic literature review of prospective studies (Maki et al., 2006). A
hypothesis of non-inferiority was posed with a 2% limit to select a Day 7 AS
group limit of 2.8%. The 2% limit was chosen as no larger margin of difference
had been observed in any previous RCTs of two intervals of PAC -AS duration.
This resulted in a required per-group sample size of 340, that is, 680 PACs in
total (see Figure 6.15).
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Figure 6.15 Power at varying sample sizes
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6.7.2 Peripheral arterial catheter tip culture
As can be seen in Figure 6.16, there were 11/100 (11%) study patients who had
their PAC tip sent for examination in the microbiology laboratory (this includes
the patients suspected of PAC-BSI above, plus an additional patient who had
the tip sent for analysis, but no blood cultured). Similar numbers were sent for
examination in the two study groups (Day 4: six tips sent; Day 7 group, five tips
sent). Of these 11 patients, only one had a positive result from this tip culture,
and this was from the Day 4 group. This patient had also had a blood culture
taken, but this was returned negative. The positive tip culture result was for
coagulase negative staphylococcus.
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6.7.3 Bloodstream infection
Almost all (99/100, 99%) study patients were suspected of a BSI during the
study. In total, 257 episodes of blood culture samples were sent to the
laboratory (see Figure 6.16). Similar numbers of 40 (80%) patients in the Day 4
group had blood sent for culture, and 44 (88%) patients in the Day 7 group.

Of the 257 blood samples cultured, 19 (7.4%) returned positive results. The 19
positive blood cultures belonged to 15 patients. Overall, 15/100 (15%) patients
in the study were diagnosed with a confirmed BSI. The incidence of this was
similar in the two study groups (Day 4 group: 7/50, 14%; Day 7 group 8/50,
16%). There was no statistically significant difference in the number of positive
blood cultures by group (Pearson Chi-Square, df = 1, p = 0.779).

Four patients had multiple microorganisms cultured from their blood including
two patients with two types of microorganisms, one with three types of
microorganisms, and one with four types of microorganisms. In all, there were
11 types of microorganisms cultured from 19 positive blood samples. It was not
possible to confirm the source of the infection in any patient (that is, there were
no other confirmed cultures taken for example from urine or sputum that could
be matched to and explain the microorganism growth from the blood). Table 6.9
describes the microbiological and clinical information from the 19 positive blood
cultures. All patients with a BSI had intravenous antimicrobial therapy
prescribed and commenced.
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Figure 6.16: Investigation of primary and secondary endpoints

Day 4 group
n = 50

6
Blood and tip
culture sent
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Blood and tip
cultures
negative
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Day 7 group
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0
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4
Blood and tip
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44
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1
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0
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Both blood
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Blood culture
positive

0
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Table 6.9

Microbiological and clinical information on BSIs

ID

Blood culture results

Group

(N=19 from 15 patients)

Anti-microbial

Other matched

started

positive culture

1

Staphylococcus epidermidis

4

Yes

No

2

Staphylococcus epidermidis

7

Yes

No

3

Staphylococcus epidermidis

7

Yes

No

4

Escherichia coli

4

Yes

No

5

Escherichia coli

7

Yes

No

6

Candida dubliniensis

4

Yes

No

7

Unidentified gram positive bacillus

4

Yes

No

8

Pseudomonas fluorescens

7

Yes

No

9

Coagulase negative staphylococcus

4

Yes

No

10

Coagulase negative staphylococcus

7

Yes

No

11

Staphylococcus warneri

7

Yes

No

12

Staphylococcus epidermidis

7

Yes

No
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ID

Blood culture results

Group

(N=19 from 15 patients)

Anti-microbial

Other matched

started

positive culture

13

Staphylococcus epidermidis

7

Yes

No

14

Mixed coagulase negative staphylococcus species

7

Yes

No

15

Klebsiella pneumoniae

4

Yes

No

16

Coagulase negative staphylococcus

7

Yes

No

17

Mixed coagulase negative staphylococcus species

4

Yes

No

18

Enterococcus gallinarum

4

Yes

No

19

Staphylococcus hominis

4

Yes

No
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6.7.4 Mortality
There were 5/50 (10%) patients who died in each group during the course of the
study for causes other than BSI. Although these were not deemed to have any
relation to the study intervention or enrolment, these events were reported to
the

ethics committee as a Serious Adverse Event per the approval

requirements.

6.8

Conclusion

The study processes resulted in only a small proportion (17.5%) of the total
number of ICU patients formally screened for participation in the study given the
requirement of having a PAC in place and expected therapy for more than four
days. Of those screened, just under one third (28%) were enrolled, with consent
to participate rates high (92%). To achieve the sample of 100 patients, a 13
month recruitment period was required. The monthly randomisation ratio into
the study groups ranging from 0:1 to 1:2, but overall equal. There were
statistical

imbalances

at

baseline

in

several

patient

factors,

despite

randomisation. The adherence to the randomised treatment allocation was high
with very low rates of protocol violation, and most patients receiving at least one
AS replacement as randomised. More than half (53%) of the routine Day 4
group had more than one routine AS replacement with repeated replacements
required up to seven AS changes. However, the Day 7 group only required up
to three AS changes. No patient was withdrawn or lost to follow-up during the
study. The time and costs to undertake the study were measured.

Almost all of the patients in both groups had blood sent for culture with 19
reported positive cultures from 15 patients, and similar numbers were positive
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between the groups. Despite the large number of blood cultures taken, the rate
of confirmed PAC-BSI (the primary endpoint) was zero. Eleven (11%) patients
had PAC tip cultures also sent for analysis, although only one positive result
was returned. Mortality incidence was equal between the study groups. Thus,
this feasibility study found no CRBSI associated with AS replacement for PACs
either in the Day 4 group or in the Day 7 group, but has confirmed the feasibility
of a larger trial with considered adjustments to study design and processes.
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CHAPTER 7: DISCUSSION, RECOMMENDATIONS AND CONCLUSION

7.1

Introduction

The research investigation aimed to develop knowledge about the optimal time
interval for routine replacement of administration sets (AS) for patients with
peripheral arterial catheters (PACs). The research was conducted in two
phases; Phase I was a systematic review of research findings in the literature to
assess the current state of the science on the topic. Following on from the
results of the systematic review, Phase II was conducted as a feasibility
randomised controlled trial (RCT) to assess the feasibility of conducting a fullscale equivalence RCT, using pre-determined questions related to: recruitment,
randomisation, intervention fidelity, retention and missing values, resource
implications, and effect size on primary and secondary outcomes. In this
chapter, each research phase is discussed individually and then presented
within the context of the overall guiding research aims and questions.

The results of the systematic review and feasibility study are also considered
and compared to those of previous review findings and studies. A discussion of
possible factors contributing to the feasibility study results is provided. The
chapter also outlines an evaluation of the strengths and limitations of the
research. Finally, the clinical implications of this programme of research are
examined,

recommendations

for

future

research

are

presented,

and

conclusions are drawn.
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7.2

Phase I systematic review findings

The first aim of the research was to conduct a systematic review to determine
the best currently available evidence for the optimal time interval for
replacement of AS used for patients with PACs. This section will discuss the
findings of the systematic review.

The work led to the first ever published report in the peer-reviewed literature of
a systematic review investigating the optimal interval specifically for AS
replacement for patients with PACs (Daud, Rickard, & Cooke, 2012). After a
comprehensive literature search and critique, the final systematic review
included three RCTs (226 patients in total) and three prospective cohort studies
(219 patients in total) that met the review criteria.

The dated nature of studies on the topic of AS replacement reinforces the need
for further clinical trials to be performed. The six studies included in the
systematic review were published over a period of two decades, between 1979
and 1998. Thus, there has been no high quality investigation into this topic
undertaken over the past 15 years, a time when PAC and AS use and
equipment has likely evolved with unknown impact on infection risk, potentially
making the results of these studies less generalisable to modern practice. For
example, for much of the 1970s, glass infusion bottles with air venting were
used, prior to the introduction of collapsible plastic bags which likely decreased
the risk of infection (Rivera, Strauss, Zundert, & Mortier, 2005). Disposable AS
transducers only came into widespread use in the late 1980s, after several
reports found that the previously re-usable transducers were prone to harbour
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bacteria (Buxton, Anderson, Klimek, & Quintiliani, 1978; Villarino, Jarvis,
O'Hara, Bresnahan, & Clark, 1989).

The six studies in the systematic review compared various durations of AS use ,
from 24 to 192 hours (eight days). Thus, there was not a strong and consistent
body of evidence comparing two particular timeframes, making synthesis of
effects and recommendations for practice difficult. Three studies compared 24
hour AS use to 48 hour AS use, and concluded that 48 hour replacement was
safe, since it did not increase bloodstream infections (Covey et al., 1998;
Ducharme et al, 1988; Maki & Hassemer, 1981). Further extension of AS use,
from 48 to 72 hours was supported by both McLane et al. (1998) and Ducharme
et al. (1988) who also found no increase in infection risk when AS use was
prolonged. With regards to 96 hour or longer hour AS use, Luskin et al. (1986),
concluded that 96 hours was safe, with no significant difference in the rate of
fluid colonisation at two or four days, but reported a significantly higher rate at
eight days. Unfortunately, CRBSI rates were not reported in the Luskin et al.
(1986) study, and so the decision to replace AS at four or eight day intervals
would benefit from further data investigating patient outcomes associated with
these timeframes. In total, the systematic review showed that there was only
one study (Luskin et al., 1986) supporting 96 hour use, and no existing
evidence to support use beyond this point.

In comparison to a related published review by Keeler et al. (1987), the
systematic review research presented here identified some differences and
some similarities. The Keeler et al. (1987) review considered any infection
control practices used for intravascular pressure monitoring devices; it was not
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specific to AS replacement duration. Those authors reviewed 18 cohort studies
published between 1975 to 1985, with only two studies (Maki & Hassemer,
1981; Shinozaki et al., 1983) investigating the duration of AS replacement. One
of these (Maki & Hassemer, 1981) was also included in the Daud et al. (2012)
systematic review; however, the study by Shinozaki et al. (1983) was excluded
due to the results only presented by the duration of catheterisation rather than
the duration of AS use. Published rates of catheter-related bloodstream
infection (CRBSI) reported in the Daud et al. (2012) systematic review ranged
from 0–4%. These rates were generally lower than the 1–8% CRBSI incidence
reported in the Keeler et al. (1987) review. This is likely because Keeler et al.
(1987) reported CRBSI rates from studies chosen using different inclusion and
exclusion criteria to the review by Daud et al. (2012). Despite some differences
in methodology and results to Daud et al. (2012), Keeler et al.‟s (1987)
conclusions were similar on the topic of AS use duration. Both reviews
highlighted that the optimal interval of AS replacement for PACs was
questionable, based on inadequate evidence, and that the effectiveness of the
replacement procedure itself is largely unknown. The review by Daud et al.
(2012) supports the conclusion of Keeler et al. (1987) that there is a need for a
large-scale RCT to question current practices, test alternatives and to establish
uniform standards of practice.

A more recent systematic review by Maki et al. (2006) assessed the risk of BSI
in adults with any type of IVD. The authors synthesised data from 200
prospective studies published between 1966 and 2005. Of the 200 reviewed
studies, 14 PAC studies were included, with the total number of PACs reported
in these studies equaling 4,366. The design of the 14 included studies varied
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from cohort studies to randomised controlled trials. Only one of the six studies
in the Daud et al. (2012) review, Band and Maki (1979b), was also included in
the Maki et al. (2006) review. It is unclear why the other five studies were
excluded as they would appear to meet Maki et al.‟s (2006) inclusion criteria.
The reported incidence rate of CRBSI in patients with PACs by Maki et al.
(2006) was 0.8% (95%CI 0.6–1.1), or 1.7 per 1000 IVD-days, in the lower range
of the 0–4% found in the systematic review performed here, where rates per
1000 IVD days were not available (Daud et al., 2012). However, the PAC
studies included in the Maki et al. (2006) review were not limited to those
focusing on the duration of AS use, and included observational research as well
as those testing a range of interventions. Maki et al. (2006) recommended that
infection prevention practices for PACs should be the same as for other types of
IVDs, such as central venous catheters (CVCs), because the risk of CRBSI was
comparable. This argument supports the current CDC and other clinical
guidelines, which do not differentiate between AS use for PACs and other
vascular access devices and currently recommend use for 96 hours to seven
days (Gillies et al., 2011).

Although there is some disparity in the CRBSI rates reported in the three PAC
systematic reviews (Daud et al., 2012; Keeler et al., 1987; Maki et al., 2006),
the data observed in the Daud et al. (2012) review sits within expected ranges
of incidence reported in the existing literature. PAC CRBSI rates reported in
these reviews were a maximum of 8% (Keeler et al., 1987), an average of 0.8%
in Maki et al., 2006), and a maximum of 4% (Daud et al., 2012). All three
reviews highlighted the limited amount of available high quality evidence from
RCTs to consider the safety of extending the period of AS replacement for PAC
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beyond an interval of 48 hours. This validated the conclusions of the systematic
review, and supported the need for a feasibility study to be undertaken on
clinical outcomes associated with AS use of 96 hours and beyond.

7.3

Results of Phase II feasibility RCT

The work presented here provides a discussion of the results from the feasibility
RCT, performed to inform further research in this area.

7.3.1 Recruitment
Recruitment of the required 100 patients took 13 months, which was slightly
longer than the 12 months anticipated. The study protocol included two
inclusion and three exclusion criteria, which determined the pace of recruitment.
A screening log was kept for patients who were thought to meet the inclusion
criteria. As Beller, Gebski, and Keech (2002) argue, a comprehensive and
appropriately designed screening log is crucial to enrolment into RCTs as this
ensures that all eligible patients are assessed and enrolled in a rigorous way.
During this feasibility study, only a small proportion 353/2020 (17.5%) of
patients admitted to intensive care unit (ICU) were formally screened to
participate. However, this was appropriate as the remaining 1667/2020 (82.5%)
had no PAC or a PAC that was scheduled for removal within 24 hours.

Of the 353 screened patients, 113 (32.0%) met the inclusion criteria, and were
eligible to enrol into the study. The results here are similar to another ICUbased nursing study by Grap and Munro (2003) where 23 per cent of patients
admitted to ICU were eligible. The enrolment rate of those eligible was high at
100/113 (88.5%), suggesting that patients and their relatives are agreeable to
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participate in such a study. Of the 240 ineligible screened patients, the reasons
for their non-inclusion were: (1) patients had a current bloodstream infection
(BSI); (2) the expected PAC dwell time was less than four days and/or; (3) the
patient was planned for discharge (and therefore PAC removal) from ICU within
72 hours. The use of the inclusion and exclusion criteria appeared appropriate
in attracting the desired type of participants to the study.

The study took place in a cardio-thoracic specialist centre and as expected, the
second largest group of patient admissions to ICU, after those with a medical
diagnosis, were post-elective surgical cardiothoracic patients (42%, 101/240).
These patients typically do not stay in the ICU for more than 72 hours, and their
PACs are removed on ICU discharge. As such, these patients were unsuitable
to test the intervention of AS use up to seven days. Since the exclusion criteria
are not amenable to modification for this trial, the only foreseeable method of
increasing recruitment rates or achieving the same recruitment in a shorte r time
would be to add other recruitment sites, that is, to undertake a multi-centre trial.
The use of cardiothoracic ICUs may also be considered not an ideal setting due
to the large numbers of short term PACs used.

The difficulties of recruiting patients in the critical care environment have been
reported in the literature, particularly given the challenges due to the serious
nature of the patient‟s condition (Grap & Munro, 2003). At the commencement
of the current research, the ethics committees approved enrolment of critically ill
patients through a written informed consent process from either the patient or
the next of kin. As there were often difficulties gaining written informed consent
from the next of kin prior to enrolment, a variation was approved by the ethics
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committees whereby only documented verbal informed consent from the next of
kin was required. This change improved the timeliness of the consent process.
Of the enrolled patients, 18/100 (18%) patients were able to consider and
provide their own consent. Consent for the remaining 82/100 (82%) patients,
was obtained from the next of kin using the documented verbal consent
process. The consent rate of this current study is comparable to the reported
consent rate (81.2%) in another ICU-based trial, a multicentre trial of pulmonary
artery catheters in the UK (Harvey, Elbourne, Ashcroft, Jones, & Rowan, 2006).

The time taken to obtain consent from the next of kin did have some impact on
the rate of enrolment with 3.5% (4/113) eligible participants not entering the
study as consent was not achievable within four days of PAC insertion. In these
cases, the issues were that it was difficult to contact the patient‟s next of kin in
time; it was thought inappropriate to approach them due to emotional distress;
or the extremely critical nature of the patient‟s condition prevented their
enrolment. As such, this research was sensitive to McAdam, Dracup, White,
Fontaine, and Puntillo (2010)‟s argument that relatives or the next of kin of
critically ill patients have substantial symptoms of anxiety, depression and
traumatic stress three to five days after the patient‟s ICU admission. This was
the period when consent was sought for this study. The level of stress
experienced by a patient‟s family may decrease interest and therefore
enrolment in critical care research studies (Grap & Munro, 2003).

It has been suggested that the difficulties in recruiting participants for RCTs in
critical care areas are associated with recruitment processes, although
difficulties have been found to be a major problem in all types of health care
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research (Cooke, Chaboyer, Schluter, Foster, Harris, & Teakle, 2010). As well,
Grap and Munro (2003) suggest enrolment can be maximised if an efficient
mechanism for screening and recruitment is used. The recruitment process for
this research occurred on three days of the week (Monday, Wednesday, and
Friday). Although theoretically this should still have identified all eligible patients
within the four day recruitment window, it may have contributed to the slower
than anticipated recruitment, if for example the researcher was away on a
particular day, or could not contact the relatives in the timeframe available. It is
suggested that in future research, recruitment may need to occur on more days
of the week, subject to budget and staff availability.

Another possible impact on recruitment rates was that the lead-in research
period occurred during December and January, which were the quietest months
in terms of fewer admissions to ICU. This likely contributed to fewer numbers of
patients screened and consented. Although this time period may not be able to
be ignored in a larger trial, this feasibility research supports Capuzzo, Valpondi,
Sgarbi, Bortolazzi, Pavoni, Gilli, Candini, Gritti, and Alvisi (2000 ) argument that
recruiting a large sample population in a single ICU i s difficult. Based on the
observed recruitment rate in this current research, it is considered that a
multicentre trial and daily recruitment would improve the recruitment rate in a
future large-scale trial. It could be expected that if similar processes were used
as in this study, that any one ICU should be able to recruit approximately 100
patients per year.
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7.3.2 Randomisation process and outcomes
The research investigation reported on the outcomes achieved using a simple
randomisation process rather than restricted randomisation with blocking.
Permuted block randomisation, with simple (50/50) randomisation provides
certainty that equal numbers will be randomised to groups as the trial
progresses and at the trial end (McEntegart, 2003). Permuted blocks are useful
to more equally distribute participants to groups within a trial, over shorter
periods of time, thus evenly spreading any other environmental or personnel
factors between groups, that may confound the results (Schulz & Grimes,
2002). Without this blocking, some fluctuation in the number of participants
randomised to the two treatment groups per month was evident and this was
not ideal. The group allocation randomised per month had a ratio ranging from
1:0 to 3:8 in the Day4/7 groups. During the 13 months of recruitment, only one
month had equal numbers of eligible patients recruited to both groups.

As Beller et al. (2002) indicate, block randomisation can be used to maintain
good balance of two study groups, over time. Thus, it is apparent from the
results of this research that a permuted block randomisation technique be used
in future trials to minimise the potential effect of issues such as fluctuating
clinical staffing levels, or new staff rotations, that may impact on the risk of
infection over time. This is particularly the case, if sample sizes of future trials
were to be similar to this one. The chance of imbalance with simple
randomisation approach is more likely in a small trial (Beller et al., 2002).

The randomisation method led to an unequal balance of several demographic
and clinical characteristics between groups. This included age, gender,
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APACHE II scores, ICU days at randomisation, admission category and history
of diabetes. The statistical differences present in this relatively small sample
may represent random fluctuations throughout the population at large and such
differences may not be seen in a larger trial. In addition, many statistical
differences may not be clinically important, but rather be a result of Type I error.

The risk of baseline imbalances could be avoided with a stratified block
approach to randomisation, using one or more of the above variables as the
strata. According to Kang, Ragan, and Park (2008), stratified randomisation
controls for the possible influence of covariates that may jeopardize the
outcome of a RCT. This would be an option in future research (e.g. to stratify
randomisation by gender at study entry).

Overall, patients who participated in this research were aged between 17 and
88 years, with a mean age of 60 years (SD 15.75) in the Day 4 group and 56
years (SD 18.03) in the Day 7 group. This difference was statistically significant,
and as there is increasing evidence of the effects of aging on the immune
system (Linton & Dorshkind, 2004), age could be a confounding variable and
influence infection outcomes. However, it is highly unli kely that a mean
difference of four years would herald any clinically important differences in
immune functioning between groups.

The majority of patients in both groups were male: with the proportion of males
in the Day 4 and Day 7 groups being 60% (30/50) and 80% (40/50)
respectively. The higher overall proportion of male participants across the study
was representative of the proportion of males (68.3%) admitted to the research
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site‟s ICU over a 13-month period (from July 2011 to July 2012). This is also the
case at a national level where the reported ratio is 1.03 males to 1.0 females
admitted to ICUs (ABS, 2012). Chi-square analysis reported a statistically
significant association between group and gender (p = 0.029), but this statistical
variation is likely the result of this relatively small sample. However, as gender
is unlikely to influence the endpoint of PAC-BSI, it is likely not essential to
stratify for gender. Particularly in a larger study, it is likely that equal numbers of
gender distribution between groups would be achieved.

Participants in the Day 4 group were significantly sicker at study entry than
patients in the Day 7 group, with a 2-point mean higher APACHE II score. As
the APACHE II score is an indicator of severity of illness and risk of ICU
mortality, so it appears that patients in the Day 4 group were at higher risk of
infection, even though no cases of PAC-BSI were seen (Vincent & Moreno,
2010). It would be recommended then that randomisation is stratified in future
trials for APACHE II score at baseline so that fair comparisons of the
intervention between groups can be made. It is not possible that there was
some allocation bias in this pilot trial, because the APACHE II scores were only
calculated some days or weeks after the patient entered the trial (using the
worst observations for the first 24 hours of ICU admission). In a reverse of risk,
the patients in the Day 4 group had been in ICU for significantly less days at
study entry. As longer ICU admission likely predisposes to greater infection risk,
this suggests that the Day 4 group were at less risk. It is possible that this
cancelled out the increased risk associated with the higher acuity of illness
score. In considering the observed values, at only 0.8 of an ICU day this may
have not had clinical significance.
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Patients with diabetes mellitus were more likely to be in the Day 7 group with
the proportion of patients in the Day 4 and Day 7 groups being 14% (7/50) and
30% (15/50) respectively (Chi-square, p = 0.045), and diabetes is considered a
risk for infection. Therefore the Day 7 group may have been at higher risk for
PAC-BSI. In addition, more elective general surgery patients were in the Day 4
group, and more elective cardiac surgical patients in the Day 7 group. General
surgery patients are at higher risk of infection than cardiac surgical patients,
cardiac surgery being classed as a clean surgical procedure (Gottrup, Melling,
& Hollander, 2005). Such imbalance of could be important and this needs to be
given consideration in the design of a future large-scale trial, both in the
randomisation process by stratification, and by inclusion in a final multivariate
analysis. An adequately large sample size would be needed to undertake a
multivariate analysis to examine the association between variables.

Despite the realisation that block randomisation would have been preferable in
this study to simple randomisation, the research was strengthened by secure
allocation concealment. This was achieved by using a centralised computergenerated allocation that performed instant randomisation once all entry criteria
were

confirmed.

This

allocation

was

completely concealed

until

after

randomisation, thus eliminating potential for allocation and selection bias.

7.3.3 Intervention fidelity
Intervention fidelity to the allocated duration for AS replacement in each group
was closely monitored during the study. The researcher visited study patients,
labelled AS, and reminded nurses of the allocation three days each week.
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There were only two protocol violations, one in each group. The violation in the
Day 4 group was related to an AS change that occurred one day before the
protocol schedule, and the other occurred one day after the schedule in the Day
7 group. A difference of one day should not have impacted greatly on any risk of
infection. The reason given by nurses for performing the AS replacement one
day after scheduled time was time constraints due to general “busyness”. The
reason for the procedure that took place a day before the due date was
because the patient had another intravascular device which required an AS
replacement and the nurse decided to replace the PAC AS at the same time.
The protocol for screening eligible patients only day three or four after PAC
insertion (and not before) was successful in promoting protocol adherence as it
ensured most participants had the AS used for at least four or seven days. As
well, given only two protocol violations occurred, it is clear that the intervention
protocol was acceptable to clinical staff and achievable in this clinical
environment.

The use of the recruitment no earlier than Day 3 was also designed to promote
the number of patients that had PACs remaining in place long enough to
receive the intervention. Many PACs are used only for short term monitoring, for
example, post-operatively. On the whole this strategy was successful at
avoiding short-dwell PACs, and in the Day 4 group a high number (90%) had
their AS replaced at this time. It is impossible to predict precisely how long
patients will require a PAC at study entry. Patients‟ conditions can worsen or
improve dramatically in only one or two days. Some patients may die or be
transferred to another hospital before the intervention can occur. In the Day 7
group, this was more difficult to predict, because there were more days in
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between randomisation and the allocated procedure. It was expected that there
would be lower numbers of patients achieving at least one routine AS
replacement in this group, but at 60%, this is an area for improvement in future
studies. It may be preferable to recruit patients only on Day 4, but this would
risk missing some patients when the clinical staff undertake a routine AS
replacement before the patient can be recruited. In addition, there would be less
time to gain consent, and this would risk patients being missed if the patient‟s
relatives could not be contacted. Another factor may be that because more
patients in the Day 7 group (28%) were cardiac surgical patients, these were
less likely to have a lengthy stay in ICU. It would be worthy of consideration to
limit future trials to only general ICU patients who would be more likely to stay in
ICU for longer periods and to need PACs for greater lengths of time.

7.3.4 Retention and missing values
No patient (or representative) withdrew consent during the study although their
right to do so was clearly explained both verbally and with an information sheet.
This is evidence of the acceptability of the trial to patients and their relatives.
The research design involved participant follow up until 48 hours post removal
of the PAC. No patients were lost to follow up for the clinical endpoints. This
could have occurred if patients had been transferred to another hospital with the
PAC in place, or if the patient died and was involved in a coroner‟s case
whereby the deceased would not have the PAC removed in the ICU. In addition,
no patient or next of kin withdrew their consent, in which case data would have
been lost on the study endpoints. Fortunately, these events did not occur but
they are worth consideration when designing a study. One hundred per cent
follow up cannot be guaranteed merely because acute care studies take place
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in hospital and data is easier to obtain. Overall, it is clear that the follow-up
processes in this study, namely data collection occurring on Monday,
Wednesday, and Friday, was efficient in limiting the problems associated with
participant lost to follow up. The clinical endpoints appeared to be easy to
collect and thus feasible.

7.3.5 Resource implications
An issue that is rarely reported in a feasibility or definitive studies of
interventions is the time (and costs) required by the researcher to carry out the
research processes. No previous research investigation on AS replacement for
PACs provided comprehensive findings on this issue. The present research
investigation examined the average time taken for each of the research
processes (screening, recruitment and follow-up) with the screening process
taking the longest time. In total, the whole research process took just under one
hour (54.6 minutes) per patient of nurse researcher time. This is the first RCT to
report the time taken for research processes in PAC research and thus provides
valuable data on which to base budget requirements for a funding a larger trial.

To guide future research, in the study setting, which employs research nurses,
Queensland Health rates for registered nurses (AUD $34.62/hour) would be
typically used for screening, and clinical nurse rates (AUD $38.72/hour) for
consenting. On these rates, the average cost per study process would range
from AUD $3.11 to AUD $13.27 per patient, with the average total cost per
patient AUD $31.90. This is detailed evidence that can be used in grant
applications to estimate the total cost of staffing a future large-scale trial.
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It was observed that routine AS replacements are costly to perform at up to
AUD $65 per procedure in terms of equipment alone. During this research
investigation for 100 patients, the total cost of AS replacement ranged from
AUD $3,713.32 to AUD $5,319.08 when using a single transducer and
increased when double transducers were used (if patients also had a CVC).
This study is the first research to report the cost of AS replacement for PACs
and as such provides new and valuable information for policy makers, nurses,
and researchers. The findings are comparable to the costs of AS replacement
for CVCs provided by Rickard et al. (2004b). In that research, AS replacement
for CVCs cost up to AUD $300 per procedure (2004 dollars) and per patient
cost was reduced when extending the duration of AS replacement to seven
days (Rickard et al., 2004). Extending the replacement of AS for PAC up to
seven days offers a strategy to reduce nursing time to perform the procedure ,
as well as costs. Since AS replacement for PAC is already a routine procedure
in the ICU, extended use could be implemented without the use of expensive
technology or additional nursing staff. Thus, a future large-scale trial is
warranted to provide definitive evidence that extending AS replacement for PAC
up to seven days would result in significant cost savings but no detriment to
patients.

7.3.6 Effect size and clinical endpoints
Since the PAC-BSI rate was zero in both groups, the study suggests that this
may not be a feasible primary endpoint in future studies. Sample size
calculations cannot be performed if the baseline rate is zero. Other approaches
such as using the definitions for catheter-associated bloodstream infection
(CABSI) rather than catheter-related bloodstream infection (CRBSI) may be
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more feasible since these do not require a matching arterial line tip culture for
diagnosis. Rather they require clinical suspicion of infection, a positive blood
culture and no other explanation for the BSI (Horan et al., 2008). Alternatively,
it may simply be that the sample size of 100 was too small to detect CRBSI,
which is known to be of low incidence. In the study setting, many patients were
short-term elective surgical patients, and this likely impacted on the zero
incidence. It may be in a larger trial that this would be detected, particularly if
longer term patients, and less elective surgical patients were recruited. Sample
size calculations performed using estimates from the literature and these
supported the feasibility of a larger multi-site, RCT with a sample size of 680
required. This could be achieved with seven ICUs recruiting for one year.

Since PAC-BSI outcomes were equal between study groups, this research
supports the current CDC guidelines that AS replacement for all IVDs should be
no more frequent than every 96 hours but at least every seven days. A previous
RCT by Rickard et al. (2004b) on AS replacement for CVCs also demonstrated
equal proportions of CRBSI (1.5%, three cases per 1000 catheter days in each
group) when routinely replaced on Day 4 or not replaced at all (CVC removed
Day 7). The authors concluded AS for CVCs could be used for seven days and
that replacement before this time-frame was unnecessary. These low CRBSI
rates in both four and seven day groups led to the current CDC and Cochrane
recommendations of AS replacement for CVCs. However, the specific optimal
time interval for AS replacement for intravascular devices has still not been
definitively evaluated, even in CVCs where most research studies have been
focussed to date. This current research is important, as it is the first research in
two decades to address the optimal interval of AS replacement for PACs.
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Current CDC guidelines recommend AS use as a range of four to seven days.
Given the evidence from this study that reported less frequent AS replacement
for PACs was associated with zero rates of CRBSI, and did not increase the risk
of CRBSI, such guidelines could be adapted to recommend seven day AS
replacement for PACs. This would provide a more practical guideline for
clinicians.

However, this was a feasibility study and the results highlight the need for a
future high quality large-scale trial to provide definitive guidelines for the optimal
interval for replacement of AS for PAC that does not increase, or even reduces
the risk of CRBSI. If a particular interval for PAC AS replacement was identified,
important reductions in morbidity and health care cost could be achieved if the
intervention was implemented successfully nationwide or worldwide.

The infection indicators analysed in this study as secondary outcomes gave no
cause for concern with regards to extending PAC AS use to seven days. Equal
rates of all-cause BSI were observed between groups, with the proportion of
patients with a BSI in the Day 4 group being 17.5% (7/40) and the proportion at
Day 7 being 17.4% (8/46). However, the source of all-cause BSI in this research
cannot be identified, as apart from the PAC, BSI may have occurred from other
sites of infection such as a wound or urinary infection. Only one catheter
colonisation occurred in the Day 4 group, an incidence which was lower than
the data reported in the literature, and this was not related to a matched blood
culture result. It should be noted that colonisation in itself is harmless and
relatively common (Rickard et al., 2004b); fluid and hub cultures were not
obtained in this study. Replacement of AS could theoretically influence catheter
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hub and fluid contamination as potential routes of catheter colonisation, since
AS connect both to the catheter hub and to the fluid container (Rickard et al.,
2004b). A future large-scale trial with a larger sample may have the resources
to examine any association with catheter tip colonisation and explore other
potential routes of infection such as hub and fluid contamination which may
have an effect on infection rates.

The mortality incidence was equal between groups (10%, 5/50 in both groups).
This is reassuring that the intervention safety would appear to be supported.
However in an ICU population, patients are already considered high risk and
mortality is multifactorial. It would be unlikely to detect a difference in mortality
even should one be caused by the intervention of extending AS replacement to
seven days.

7.4

Study strengths

As identified by the U.K. Medical Research Council:
Developing, piloting, evaluating, reporting and implementing a
complex intervention can be a lengthy process. All of the
stages are important, and too strong a focus on the efficacy of
the main evaluation, to the neglect of adequate development
and piloting work, or proper consideration of the practical
issues of implementation, will result in weaker interventions,
that are harder to evaluate, less likely to be implemented and
less likely to be worth implementing. (Craig et al., 2008, p. 4)
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As such, the strengths of this research are first, its rigorous approach to
investigating the evidence for the optimal time interval of routine replacement of
AS for PACs by firstly conducting a comprehensive systematic review and then
conducting a feasibility RCT. Additionally, this is the first RCT to report that
increasing the frequency of AS replacement for PACs from four days to seven
days was associated with zero rates of CRBSI. The outcome of only two
protocol violations indicates the intervention is acceptable and achievable in a
clinical environment. It also demonstrated that the recruitment and follow-up
processes were efficient, with no participants lost to follow up. Furthermore, the
protocol for screening eligible patients on day three or four after PAC insertion
was successful in promoting protocol adherence as it ensured that most
participants had their AS used for at least four or seven days, and thus the
intervention was truly tested. Finally, it provides detailed evidence for estimating
the total cost of staffing to conduct a future large-scale trial, given that previous
research studies have not included specific cost data in their reporting.

7.5

Limitations

There are several limitations of the research. In retrospect, the use of a
cardiothoracic ICU was not the ideal setting due to the large numbers of short
term PACs used, although the availability of the site and enthusiasm of the
clinical staff were beneficial. A future large-scale trial should consider including
multicentre research sites and daily recruitment to increase the speed and size
of recruitment. Due to the small sample size, it was not possible to undertake a
multivariate analysis to examine the association between the numerous
variables that may impact on CRBSI. In addition with a sample drawn from only
one ICU setting, the generalisability of results from this study to other
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populations is limited. Furthermore, given that this research was undertaken in
a Western, research-oriented, tertiary-care centre, results may be influenced by
a more meticulous standard of PAC and AS care that may not be achieved in
other settings. It would be valuable for future trials to be undertaken in other
countries and types of ICUs.

7.6

Recommendations

Given the results of this research investigation, a number of recommendations
are given in relation to clinical practice and research.

7.7

Implications for clinical practice

Although a feasibility study with a small sample size, there are some potential
financial and time benefits of extending the duration of AS replacement to seven
days. Given there were no CRBSI reported in this group, this change in practice
would result in significant in cost savings, reduced hazardous medical waste,
and allow nursing time to be redirected to other patient care, education or
research activities. The exact nature of current practice of AS replacement for
PAC in ICU settings is unknown, but varied greatly when a question on ICU
policies was included in the 2008 resources survey conducted by the Australia
and New Zealand Intensive Care Society (Drennan et al., 2010). In this survey
sent to all ICUs in the two countries, PAC AS were being replaced anywhere
from daily to weekly, or never. The guidelines of Australia, New Zealand and the
UK currently recommend AS replacement at a maximum of 96 hours (Daud et
al., 2012), and these guidelines could be updated to recommend AS
replacement at up to seven days. This would bring these guidelines into
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harmony with those of the CDC and in conclusion with the Cochrane
Collaboration‟s meta-analysis and review.

7.8

Implications for research

In this research, decreasing the frequency of AS replacement for PACs from
four days to seven days was associated with zero rates of CRBSI. There were
no recent studies critiqued in the systematic review by Daud et al. (2012)
regarding AS change for PAC; however, a study, of the replacement of AS for
CVC at Day 4 versus AS not replaced as CVC removed at day 7 indicated that
routine

AS

replacements

were

unnecessary for

catheters

in situ for

approximately seven days (Rickard et al., 2004b). This current research is
important because it is the first RCT to address AS replacement for PAC by
having an experimental group who were subjected to AS replacement at 7 days.
The only previous trial on a weekly or more extended AS use for PACs was that
of Luskin et al. (1986), who only achieved an extended use of „4 or 8 days‟. The
results here will provide some firm data to support the current CDC guidelines
(O‟Grady et al., 2011) that AS should be changed no more frequently than
every 96 hours but at least every seven days.

The results of a large-scale multi-centre international trial could provide more
precise estimates of effect and more definite evidence regarding the optimal
duration of AS use for PACs. This would enable the translation of knowledge to
practice strategies, in terms of clinical guideline development and educating
clinicians to provide best practice for patients and the responsible use of scarce
health resources.
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7.9

Conclusion

In summary, this current research is important because it involved two phases
where Phase I was the first ever published systematic review concerning the
optimal timing for replacement of PAC AS. This rigorous systematic review of
the existing literature was the first step in a process to ensure a well-informed
and appropriately designed protocol of further research to generate evidence for
this particular phenomenon. Phase II of this research demonstrated the
feasibility of conducting a larger study using the designed protocols in relation to
screening, recruitment, intervention, and follow-up procedures. As this study
demonstrated the feasibility of these, a large-scale multi-site RCT can be
appropriately designed to follow on from this investigation, and is needed to
further test the hypothesis that extending the duration of AS replacement for
PAC to seven days does not increase CRBSI risk. The study results provide
beginning support for the seven day use of AS for PACs, an intervention that
will not impact on morbidity, but will greatly reduce the use of consumables, the
cost of equipment and medical waste removal, and the time of busy nursing
clinicians. Importantly, it moves the profession forward to an evidence-based
approach to nursing interventions.
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APPENDICES
Appendix 1: Screening form

Daily Screening and Data Form
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Appendix 2: Administration set replacement form

Patient

PAT IENT ON RSVP T RIAL

Label

ADMINIST RAT ION SET S T O BE

Here

CHANGED EVERY ___ DAYS

STUDY NO:
COMPLETE THIS FORM WHEN YOU HAVE CONDUCTED:
 A routine AS change on an indwelling arterial catheter
 An AS change because a NEW arterial catheter has been inserted
 An AS change because a NEW central catheter was inserted, and the
PAC AS was infusion from the same fluid bag
DATE AS

DATE AND

IS NEW AS

DID THE OLD AS

CHANGE DUE

TIME AS

SINGLE OR

HAVE AN RSVP

CHANGED

DOUBLE (1 OR 2

STICKER? (YES

LINES PER

OR NOT)

BAG)?
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Please note the following conditions of approval:
I . The Principal Investigator wi ll immediately report anything which might wan-ant review of
ethical approval of the project in the specified fonnat, including:
n. Unforceen eve.nts that might affect continued ethical acceptability of the project.
Serious Adverse Evt:nts must be notified to the Committee as soon as pos. iblc. In
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Appendix 4: Patient/Representative Information Sheet

RSVP TRIAL
Intravascular device administration sets:
Replacement after Standard Versus Prolonged use (The RSVP Trial)

PATIENT INFORMATION SHEET
The Prince Charles Hospital

Re searchers:
Prof Claire Rickard, Griffith University, Prof John Fraser, The Prince Charles Hospital
Re search Nurs es:
Amy Spooner, Amanda Corley, Azlina Daud
This information sheet has been provided to you to allow you to give fully informed consent.
You should k eep a copy of this sheet for your future reference.

Description of Research Study
Most hospital patients need an intravascular device (also called “IV drip”) as part of their
medical treatment. These are small plastic tubes which are placed in a vein or artery.
They are connected to administration sets (“drip tubing”) through which fluid and
medicine is given, or blood is drawn. Because IV drips and tubing connect to the
patient‟s bloodstream, there is a chance that infection can enter the body, although
hospitals take great care to avoid this risk.

IV drips are commonly used for a week or more, but at the moment the drip tubing is
used for only 3-4 days before being thrown away. This takes nurse‟s time to prepare
and connect new administration sets. The large amount of plastic tubing also has a
high environmental cost. Hospitals used to believe that changing IV tubing every 3-4
days helped to prevent infection, by replacing used tubing with new tubing, but this had
not been scientifically studied. It may be that changing the tubing actually increases the
infection risk, because it requires disconnecting the tubing as well as extra handling of
IV drips, which could allow bacteria to enter.
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New research suggests that IV tubing does not need to be changed every 3-4 days.
This may be because changing the tubing does not affect infection rates, and it may be
better to leave the tubing alone while IV treatment is needed. We are now doing this
research study to find out if changing IV tubing every four days, compared with seven
days, has any effect on infection rates. To do this, we need to study large numbers of
people, more than have been included in previous research, and closely monitor their
IV drips.

Why you have been chosen
You are invited to participate in this important study because your doctor/nurse
believes that you will have an IV drip with IV tubing for more than 4 days.

What we will ask you to do
a) You will be allocated, by a random (chance) selection process, to either a four
day or seven day administration set (IV tubing) change. All IV drips that you
have during this hospital visit will have their tubing changed at this time interval
b) Information about your IV drip and medical condition, including infection results,
will be recorded from your hospital chart by a research nurse or assistant
c) After your IV drip and tubing is no longer needed, it may be examined in the
research laboratory for signs of infection risk
d) 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

Risks to you
Currently hospitals, and different wards in the same hospitals, use administration sets
for different lengths of time. There is no evidence that this has any effect on infection
rates, and participating in this study puts you at no extra risk. Some people in this study
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will develop infections for reasons other than how often the IV tubing is changed. All
patients will be monitored closely for infection as usual, and will have immediate
treatment if infection develops. Being in this study will not make you have any extra
treatment or tests, which you would not normally have.

Benefits to you
We do not expect you to get any direct benefit by participating in the study. We do think
that your participation will benefit nurses and hospitals in the future, and you may feel
satisfaction at your contribution to improving health care research. You will be able to
receive a report on the results of the research study by ticking the box on this form.

Confidentiality
Data collected during this study will be treated confidentially. The research nurse and
assistants will store your data using a unique research number. The information will be
safely stored at Griffith University. Combined patient results of this study will be
published in scientific journals and meetings. However, you will not be referred to by
name and your personal identity will not be revealed in any publication, report or
meeting. All research records will be destroyed 15 years after the study finishes.

Choosing to participate or not
Your participation is entirely voluntary and if you decide not to participate this will not
affect your medical care, or treatment by hospital staff in any way. If you choose to
participate, you are free to withdraw your consent and to discontinue participation at
any time, by telling the research nurse. Your choice not to participate or to withdraw
your participation will not affect your treatment in any way.

If you have any questions
If you have any questions now, or at a later time, we hope and expect that you will ask
us. Please contact any of the researchers named on this form by calling Professor
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John Fraser through the ward receptionist, and we will be happy to answer your
questions.

Other issues
This document in no way limits your rights at law from any damage that might arise
from negligence on the part of investigators.

You should keep a copy of this form

This information has been provided to allow you to give informed consent.
This study has been reviewed and approved by the Human Research Ethics
Committee of The Prince Charles Hospital. Should you wish to discuss the study with
someone not directly involved, in particular in relation to matters concerning policies,
information about the conduct of the study or your rights as a participant, or should you
wish to make an independent complaint, you can contact the Secretary or Chairperson
of the Human Research Ethics Committee through the hospital switchboard.
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Appendix 5: Participant consent form

RSVP TRIAL

Intravascular device administration sets:
Replacement after Standard Versus Prolonged use (The RSVP Trial)
The Prince Charles Hospital
Principal Chief Investigator: Professor Claire Rickard, Griffith University
Principal Investigator for (name hospital): Professor John Fraser
Research Nurse /s: Amy Spooner, Amanda Corley, Azlina Daud
Documentation of Verbal Consent to Participate

Patient’s Name: .........(insert patient’s name)..........................................
I …(insert name of person gaining verbal consent)…have discussed the following
points related to the above study with..(insert name of person giving verbal
consent)….. on …(insert date)… and s/he has given verbal consent to study
participation.

Description of Research Study: The study compares 4 and 7 day IV tubing
use, both of which are done in various hospitals, but 4 day use is more
expensive. Both 4 and 7 days are recommended by the Centers for Disease
Control & Prevention. Other small studies have recommended 7 day use, but a
large trial needs to confirm this. This study is approved by the hospital ethics
committee.
Overview of study:
a) There will be random (chance) allocation to maximum 4 or 7 day IV tubing
use
b) A research nurse will visit patients regularly to collect i nformation about the
IV drip, and medical condition, including infection results, from the hospital
chart
c) After the IV drip and tubing is no longer needed, it may be examined in the
research laboratory for signs of infection
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d) The collected IV drips, tubing and information will be used for this study and
then kept in an anonymous manner for other potential infection-related
research by the investigators
Risks and benefits:
This is a very low risk study. All patients will be monitored closely for infection
and other complications and treatment will be given as usual if required. There
are no benefits to participants.
Data storage and confidentiality:
Data will be stored confidentially at the hospital and university for 15 years and
then destroyed. Results will be published anonymously in a healthcare journal.
Right to refuse or withdraw later:
Participation is completely voluntary and consent can be withdrawn later, by
telling the RSVP Trial research nurses or investigator. They can be contacted
through the ward nurse/receptionist.
Who to contact with questions: The RSVP staff can be contacted through the
ward receptionist. The hospital ethics committee is independent of the study
and can be contacted through the switchboard with complaints or queries about
the rights of research participants.

Investigator (or designee):..........……………………..............................................
Date

/

/

Witness name: .........................................................................................................
Signature:…………………………..Date:

_/

/
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Appendix 6. Cochrane Review published during candidature

Optimal timing for intravascular administration set replacement
Review information
Review number: 031
Authors
Amanda J Ullman1, Marie L Cooke2, Donna Gillies 3, Nicole M Marsh4, Azlina Daud5,
Matthew R McGrail6, Elizabeth O'Riordan7, Claire M Rickard8
1

NHMRC Centre of Research Excellence in Nursing, Centre for Health Practice

Innovation, Griffith Health Institute, Griffith University, Brisbane, Australia
2

NHMRC Centre of Research Excellence in Nursing, Griffith University, Brisbane,

Australia
3

Western Sydney Local Health District - Mental Health, Parramatta, Australia

4

Centre for Clinical Nursing, Royal Brisbane and Women's Hospital, Brisbane, Australia

5

School of Nursing and Midwifery, Griffith University, Nathan, Australia

6

Gippsland Medical School, Monash University, Churchill, Australia

7

Faculty of Nursing and Midwifery, The University of Sydney and The Children's

Hospital at Westmead, Sydney, Australia
8

NHMRC Centre for Research Excellence in Nursing, Centre for Health Practice

Innovation, Griffith Health Institute, Griffith University, Brisbane, Australia
Citation example: Ullman AJ, Cooke ML, Gillies D, Marsh NM, Daud A, McGrail MR,
O'Riordan E, Rickard CM. Optimal timing for intravascular administration set
replacement. Cochrane Database of Systematic Reviews 2005 , Issue 4 . Art. No.:
CD003588. DOI: 10.1002/14651858.CD003588.pub2 .
Contact person
Amanda J Ullman
Senior Research Assistant
NHMRC Centre of Research Excellence in Nursing, Centre for Health Practice
Innovation, Griffith Health Institute
Griffith University
170 Kessels Road
Brisbane
Queensland
4111
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Australia
E-mail: a.ullman@griffith.edu.au
Dates
Assessed as Up-to-date: 13 August 2013
Date of Search:

12 June 2013

Next Stage Expected:

1 October 2015

Protocol First Published: Issue 2 , 2002
Review First Published: Issue 4 , 2005
Last Citation Issue:

Issue 4 , 2005

What's new
Date

Event

12 July 2013

New citation: conclusions A new authorship team consisting of
changed

Description

previous authors, researchers and
clinicians was established. We widened
the review, and therefore the conclusions,
to incorporate peripheral arterial
administration sets in addition to venous
and central arterial giving sets.

12 July 2012

Updated

An updated search was undertaken to
June 2012, which led to the inclusion
of Covey 1988; Luskin 1986; McLane
1998 and the exclusion of O'Malley 1994.
Additional outcome measures were
developed to incorporate modern reporting
strategies. Risk of bias summaries
(Higgins 2011) were completed using
updated criteria; GradePRO (Schunemann
2011) was used to provide Summary of
Findings tables and a PRISMA flow chart
(Liberati 2009) was included to summarize
study selection.
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History
Date

Event

Description

1 August 2008

Amended

Converted to new review format.

Abstract
Background
The tubing (administration set) attached to both venous and arterial catheters may
contribute to bacteraemia and other infections. The rate of infection may be increased
or decreased by routine replacement of administration sets. This review was originally
published in 2005 and updated in 2012.
Objectives
The objective of this review was to identify any relationship between the frequency with
which administration sets were replaced and rates of microbial colonisation, infection
and death.
Search methods
We searched The Cochrane Central Register of Controlled Trials (CENTRAL) (The
Cochrane Library 2012, Issue 6), MEDLINE (1950 to June 2012), CINAHL (1982 to
June 2012), EMBASE (1980 to June 2012), reference lists of identified trials, and
bibliographies of published reviews. The original search was performed in February
2004. We also contacted researchers in the field. We did not have a language
restriction.
Selection criteria
We included all randomised or controlled clinical trials of the frequency of venous or
arterial catheter administration set replacement in hospitalised patients.
Data collection and analysis
Two authors assessed all potentially relevant studies. We resolved disagreements
between the two authors by discussion with a third author. We collected data for seven
outcomes; catheter-related infection; infusate-related infection; infusate microbial
colonisation; catheter microbial colonisation; all-cause bloodstream infection; mortality;
cost. We pooled results from studies that compared different frequencies of
administration set replacement: for instance we pooled studies that compared
replacement every 96 hours versus every 72 hours with studies that compared
replacement every 48 hours versus every 24 hours.
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Main results
We identified 26 studies for this updated review, 10 of which we excluded; six did not
fulfil the inclusion criteria and four did not report usable data. We extracted data from
the remaining 18 references (16 studies) with 5,001 participants: the populations
included neonates and adults, arterial and venous administration sets, parenteral
nutrition, lipid emulsions and crystalloid infusions. Most studies were at moderate to
high risk of bias or did not adequately describe the methods they undertook to
minimise bias. All included trials were unable to blind personnel due to the nature of
the intervention.
There was

no evidence for differences in catheter-related or infusate-related

bacteraemia or fungaemia with more frequent administration set replacement: RR
(95%CI) 1.06 (0.67 to 1.69) and 0.67 (0.27 to 1.70) overall or at any time interval
comparison. Infrequent administration set replacement reduced the rate of bloodstream
infection, RR 0.73 (0.54 to 0.98). There was no evidence for differences in catheter
colonisation or infusate colonisation with more frequent administration set replacement:
1.08 (0.94 and 1.24) and 1.15 (0.70 to 1.86) respectively. There was borderline
evidence that infrequent administration set replacement increased the mortality rate
only within the neonatal population, RR 1.84 (1.00 to 3.36). There was no evidence for
interactions

between the (lack of) effects for frequency of administration set

replacement and the subgroups we analysed: parenteral nutrition and/or fat emulsions
versus infusates not involving parenteral nutrition or fat emulsions; adult versus
neonatal participants; and arterial versus venous catheters.
Authors' conclusions
There was some evidence that administration sets that do not contain lipids, blood or
blood products may be left in place for intervals of 96 hours without increasing the risk
of infection. There was some evidence that mortality increased within the neonatal
population with infrequent administration set replacement. However, much of this
evidence was from studies of low to moderate quality.
Plain language summary
The tubing (administration set) attached to venous and arterial catheters may
contribute to bloodstream infections. The rate of infection may be increased or
decreased by the scheduled replacement of administration sets.
The objective of this review was to identify any association between the frequency with
which administration sets were replaced and rates of microbial colonisation,
bloodstream infection and death.
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We searched databases (CENTRAL, MEDLINE, CINAHL and EMBASE) to June 2012.
We included 16 studies with 5,001 participants in this updated review. There was no
evidence that bloodstream infection was more or less likely with more frequent
changes, although the quality of trials was low to moderate. There was some evidence
that mortality was increased in neonates receiving parenteral nutrition when
administration set replacement was less frequent.
Background
Description of the condition
Intravascular catheters are plastic tubes inserted into a vein, for monitoring pressure,
sampling blood or to deliver fluid, nutrition, and medication, or into an artery for
monitoring pressure or flow. Catheters are usually connected to an administration set
that is an assembly of some or all of: tubing, fluid containers, pressure monitoring
transducers, blood sampling ports, measuring burettes and extension tubing.
Intravascular catheters break the skin and are the single most important cause of
healthcare-acquired bloodstream infection. About 250,000-500,000 catheter-related
infections occur each year in the United States alone, and 5,000 cases in Australia
(Collignon 1994; Maki 2006). Bacteraemias and fungaemias are associated with
increased mortality and substantially increase hospital stay by up to 20 days and costs
by US $56,000 per episode (Al-Rawajfah 2012; Maki 2006; Renaud 2001; Soufir
1999).
The type of catheter, infusate and patient may all affect the rate and inc idence of
bloodstream infection. A systematic review of observational studies by Maki
2006 reported rates and incidences of catheter-related infection were lowest with
peripheral intravenous catheters (0.1%, 0.5 per 1000 catheter-days) and midline
catheters (0.4%, 0.2 per 1000 catheter-days), with higher rates from short-term
uncuffed and central venous catheters that do not have antimicrobial impregnation
(4.4%, 2.7 per 1000 catheter-days). Arterial catheters used for haemodynamic
monitoring (0.8%, 1.7 per 1000 catheter-days) and peripherally inserted central
catheters (2.4%, 2.1 per 1000 catheter-days) posed similar risks to those seen with
short-term conventional central catheters. Medicated, cuffed and tunnelled dual-lumen
central catheters were associated with considerably lower rates of catheter-related
infection.
Description of the intervention
Clinicians traditionally schedule administration set replacement every three or four
days. Each replacement costs nursing time and up to AUS $300 for equipment
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(Rickard 2001). The frequency of set replacement has gradually fallen since 1971 as
supporting research has been published.
How the intervention might work
Scheduled replacement of administration sets, contaminated through clinical use, may
prevent patient infection. Catheter-related bacteraemia (bacterial infection of the blood)
are thought to stem from one of four sources: skin bacteria colonising the catheter on
or after insertion; administration fluid contaminated before connection to the patient;
colonisation of the hub connecting the catheter to the administration set; bacteria
contaminating the catheter (O'Grady 2011). Bacteraemia within seven days of catheter
insertion probably arise from the patient's skin, after which time bacteraemias from hub
contamination become more common (Crump 2000). Contaminated fluid and seeding
via the blood are thought to be rare. Bacteria and fungi require time to reproduce and
spread (Crump 2000), thereby more frequent scheduled administration set replacement
may prevent infections. However, the clinicians' contact during the scheduled
administration set replacement provides an opportunity for contamination, supporting a
counter-argument for infrequent changes (O'Malley 1994).
The rate of infusate microbial colonisation, and the subsequent rate of bacteraemia or
fungaemia (fungal infection of the blood), may be higher if the infusate supports
microbial proliferation. Parenteral nutrition, with its high glucose content, has been
associated with higher rates of catheter-related infection in retrospective and
prospective cohort studies (Ishizuka 2008; Moro 1994; Mulloy 1991;Perlman 2007).
The schedule for set replacement that minimises infection might be different for lipid
emulsion infusates (e.g. propofol, vita-lipid) as they are particularly suited to the growth
of a wide range of micro-organisms (Gilbert 1986; Scott 1985;Sherertz 1992; Shiro
1995).
Why it is important to do this review
Intravascular catheters are associated with infections, which in turn may cause death
(Renaud 2001; Soufir 1999) and significant cost (Al-Rawajfah 2012). Less frequent
administration set replacement saves nursing time and money and may not affect the
rate of infection or death, or might even reduce them. The Centers for Disease Control
and Prevention (CDC) currently recommends that sets used to administer fluids (other
than lipid, blood or blood products) should be routinely changed no more often than
every 96 hours (O'Grady 2011).
An earlier version of this systematic review: 'Timing of intravenous administration set
changes: a systematic review' (Gillies 2004) was published in Infection Control and
Hospital Epidemiology (Gillies 2005) and the Cochrane Database of Systematic
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Reviews 2005, Issue 4. This update was done to evaluate more recent studies. The
aim of this updated systematic review was to ascertain the optimal interval for the
replacement of administration sets, i.e. the frequency with the lowest rate of infection.
Objectives
The objective of this review was to identify any relationship between the frequency with
which administration sets were replaced and rates of microbial colonisation, infection
and death.
Methods
Criteria for considering studies for this review
Types of studies
We included all randomised controlled trials (RCT) or controlled clinical trials (CCTs)
that allocated the frequency of administration set replacement. CCTs refer to studies
where the method of allocation is not considered strictly random (Lefebvre 2011).
Types of participants
We included hospitalised participants, of any age and with a central or peripheral
venous or arterial catheter in situ.
Types of interventions
We included studies that compared the frequency of intravascular administration set
replacement.
Types of outcome measures
Primary outcomes
1. The rate of catheter-related bloodstream infection, as defined by one of three criteria:
bacteraemia or fungaemia with at least one positive blood culture from a peripheral
vein, with no other identifiable source for infection other than the catheter, plus either
a positive semiquantitative (>15 cfu) or quantitative (>103 cfu) device culture, with the
same organism (species and antibiogram) isolated from the device and blood ( Maki
2006; O'Grady 2002); or two blood cultures (one drawn from the catheter and one
from a peripheral vein) that grow the same organism, with the catheter colony count
three-fold the peripheral colony count, or with the catheter culture growing at least 2
hours before the peripheral culture; or two quantitative blood cultures drawn from two
catheter lumens in which the colony counts differ three-fold (Mermel 2009).
2. The rate of infusate-related bloodstream infection: isolation of the same organism
from a quantitative culture of the infusate and from separate percutaneous blood
cultures, with no other identifiable source of infection (O'Grady 2002).
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Secondary outcomes
1. Catheter-related bloodstream infection per 1,000 patient days: as previously defined,
but restricted to the first catheter per patient.
2. Infusate-related bloodstream infection per 1,000 patient days: as previously defined,
but restricted to the first catheter per patient.
3. Infusate colonisation: any positive quantitative culture of infusate.
4. Catheter colonisation: any positive semi-quantitative or quantitative culture from the
catheter tip (e.g. distal catheter segment).
5. All-cause bloodstream infection (bacteraemia or fungaemia): any positive blood
culture drawn from a peripheral vein taken with the catheter in situ, or within 48 hours
of removal (O'Grady 2002).
6. Mortality.
7. Cost.
Definitions
Administration set: tubing from the spike entering the fluid container to the hub of the
catheter (Pearson 1996).
Central catheter: includes tunnelled and non-tunnelled central venous catheters,
central arterial catheters (pulmonary artery and left atrial catheters), peripherallyinserted central venous catheters and implanted subcutaneous intravascular devices
(O'Grady 2011).
Parenteral nutrition: the infusion of basic nutrients through the venous system, with or
without the infusion of lipids.
Peripheral catheter: a short catheter inserted in the veins or artery (O'Grady 2011).
Search methods for identification of studies
Electronic searches
We searched:


The Cochrane Central Register of Controlled Trials (CENTRAL), (The Cochrane
Library, Issue 6, 2012) (Appendix 1);



MEDLINE (via Ovid) (1950 to June 2012) (Appendix 2);



EMBASE (via Ovid) (1980 to June 2012) (Appendix 3);



CINAHL (EBSCO host) (1982 to June 2012) (Appendix 4).
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We increased the specificity of the topic search by combining it with the Cochrane
Randomised Controlled Trial Search Strategy (Higgins 2011). There were no
restrictions for language, date of publication or study setting.
Searching other resources
We manually checked the reference lists of relevant studies and published reviews to
identify trials missed by the electronic search strategy. We also used the names of
researchers known to have published on the topic as search term s. We contacted
primary authors of identified trials for more information, if required. We also searched
for ongoing trials at: http://www.controlled-trials.com;http://www.clinicaltrials.gov.
Data collection and analysis
Selection of studies
Two review authors (CR, MC) assessed all potentially relevant references for inclusion
in the review. The PRISMA flowchart (Liberati 2009) illustrates the results of our search
and the studies we selected (Figure 1). We eliminated irrelevant studies. We resolved
any disagreements regarding the selection of studies through consensus or, if
necessary, by consultation with a third member of the review team (AD).
Data extraction and management
We developed and piloted a data extraction form, using the template provided by the
Cochrane Anaesthesia Review Group (CARG), for this updated review. Two members
of the 2012 review team (CR, MC) used the data extraction form to independently
extract methodological and outcome data from each newly-identified study (Covey
1988; Luskin 1986; McLane 1998). As only newly-identified studies required data
extraction, CR did not extract data for the study she coauthored (Rickard 2004). The
pair then met to compare their results. Differences were resolved by consensus or by
referral to a third member of the team.
Assessment of risk of bias in included studies
Two review authors (CR, MC, or AD) independently used the Cochrane Collaboration
tool to assess risk of bias (Higgins 2011) in all the included studies. This tool addresses
six specific domains: sequence generation, allocation concealment, blinding,
incomplete outcome data, selective outcome reporting and other issues which may
potentially bias the study. Blinding and completeness of outcome data were assessed
for each outcome separately. CR did not assess for risk of bias the study she
coauthored (Rickard 2004). A risk of bias table was completed for each eligible study.
Disagreements between authors were resolved by consensus or referral to a third
author. We attempted to contact investigators of included trials to resolve any
ambiguities. Assessment of risk of bias is discussed within the text and is presented as
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a 'Risk of Bias Summary Figure' (see Figure 2) that cross-tabulates judgements by
study, and a 'Risk of Bias Summary Graph' (see Figure 3) that summarizes judgements
by domain.
Measures of treatment effect
We entered outcome data into RevMan 5.1 to generate meta-analytic data and graphs.
To generate clinically informative comparisons, time periods of administration set
change were pragmatically divided into three different frequencies of administration set
replacement (24 hrs vs ≥48 hrs; 48 hrs vs ≥72 hrs; 72 hrs vs ≥96 hrs). Event rates for
binary outcomes (e.g. infection rates) were presented as risk ratios (RR) and 95%
confidence intervals (CI). For continuous outcomes we calculated the difference in
means with 95% CI. For outcomes displaying an incidence over a time period we
planned on calculating hazard ratios (HR) with standard errors (SE). We calculated
pooled estimates for each outcome using a random -effects model, chosen because of
the substantial clinical heterogeneity between trials.
Unit of analysis issues
Three studies reported outcomes per administration set rather than per participant
(deMoissac 1998; Maki 1987; Snydman 1987). One study (Fox 1999) reported
outcomes per infusate sample. In future updates of this review those studies that used
administration sets as the unit of analysis will be included in a sensitivity analysis.
Dealing with missing data
All authors from the included studies were emailed for further information and
clarification on key aspects of their study methods. Ten contact authors for fifteen of
the studies responded (Blight 1998; Buxton 1979; Covey 1988; deMoissac 1998; Fox
1999;Gorbea 1984; Luskin 1986; McLane 1998; Rickard 2004; Sitges-Serra 1985). One
author was able to provide some information regarding study methods, but was unable
to provide further individual patient data (Blight 1998). Only one author (Rickard
2004) provided further information on both the study methods and individual patient
data. The remaining authors were unable to provide any study data (Blight
1998; Buxton 1979; Covey 1988; deMoissac 1998; Fox 1999; Gorbea 1984; Luskin
1986; Sitges-Serra 1985).
Assessment of heterogeneity
We assessed evidence of statistical and clinical heterogeneity by visual inspection of
the model, performing a Chi2 test and reviewing the I2 statistic (Deeks 2011). This
examines the percentage of total variation across studies due to heterogeneity rather
than to chance. We planned to investigate heterogeneity (P < 0.10; I2 over 50%).
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Assessment of reporting biases
We intended to use a funnel plot to identify small study effects, but there were
insufficient studies (Egger 1997). Any asymmetry of the funnel plot may indicate
possible publication bias. We intended to explore other reasons for asymmetry such as
selection bias, methodological quality, heterogeneity, artefact or chance as described
in Section 10 of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011).
Data synthesis
We performed a meta-analysis when sufficient data were available from two or more
studies that were similar in terms of population, intervention, comparison and
outcomes.
Subgroup analysis and investigation of heterogeneity
We pre-specified four subgroup analyses. These were:


Central versus peripheral catheters (catheter site);



Parenteral nutrition and/or lipid emulsions versus infusates not involving parenteral
nutrition and/or lipid emulsions (type of infusate);



Neonatal (within 28 days of birth) versus adult patients (greater than 16 years) (age
group);



Arterial versus venous catheters (vascular access).
Proof of difference between groups were determined using the method described in
Deeks 2011 via RevMan 5.1, using fixed-effect analyses based on the inversevariance method to provide risk ratio and associated 95%CI. Meta-regression was not
used as there were fewer than ten studies in the meta-analysis (Deeks 2011).
Sensitivity analysis
We intended to include studies that did not describe the method of randomisation and
quasi-randomised studies (for example, participants allocated by date of birth) in a
sensitivity analysis. If there were no substantive differences within the primary
outcomes we intended to include these studies in the final analysis. If there was a
substantive difference, we planned to include only studies that clearly described
methods for randomisation. The results of the sensitivity analysis would be described
within the text. We did not undertake a sensitivity analysis due to insufficient studies
reporting primary outcome events.
Results
Description of studies
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Results of the search
We identified 2087 references: we included 16 and excluded 10 studies. Figure
1 contains the PRISMA study flow diagram (Liberati 2009).
Included studies
Sixteen studies with 5,001 participants met our 2012 inclusion criteria (see
also Characteristics of included studies): Blight 1998;Buxton 1979; Covey
1988; deMoissac 1998; Fox 1999; Gorbea 1984; Jakobsen 1986; Josephson
1985; Luskin 1986; Maki 1987;Matlow 1999; McLane 1998; Raad 2001; Rickard
2004; Sitges-Serra 1985; Snydman 1987. We found an additional three studies from
the previous version, due to the broadening of the inclusion criteria to administration
sets connected to peripheral arterial catheters (Covey 1988; Luskin 1986; McLane
1998).
We identified two additional references as duplicate publications of Maki
1987 and Raad 2001.
We collected data for the seven outcomes and for the three different frequencies of
administration set replacement. We included five studies that reported data from
participants with central catheters (Blight 1998; deMoissac 1998; Raad 2001; Rickard
2004; Sitges-Serra 1985) and three that reported data from participants with peripheral
catheters (Buxton 1979; Jakobsen 1986; Josephson 1985). In our 2012 update, we
also added three studies reporting data from patients with arterial lines (Covey
1988; Luskin 1986;McLane 1998).
We included data from participants receiving parenteral nutrition in three studies (Fox
1999; Matlow 1999; Sitges-Serra 1985). We excluded the data from Raad (Raad 2001)
that combined data for participants receiving parenteral nutrition with data for
participants receiving blood: the study authors could not provide separate data for
participants receiving parenteral nutrition. Participants in three studies did not receive
parenteral nutrition (Buxton 1979; Josephson 1985; Snydman 1987). Rickard
2004 gave separate data for participants who did and did not receive parenteral
nutrition. No study singularly examined the use of different types of lipid emulsions
such as vita-lipid or propofol separately.
Of the 16 included studies, four stipulated that participants had to be adults (Gorbea
1984; McLane 1998; Sitges-Serra 1985;Snydman 1987) and two reported data for
neonates only (Fox 1999; Matlow 1999). The other studies may have included
neonates but did not provide separate data for neonates.
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Excluded studies
We excluded one study because it did not address the review question (Robertson
1991). We excluded four studies because the participants were not randomly or
systematically allocated (Band 1979; Cohen 1989; O'Malley 1994; Robathan 1995).
We excluded four studies due to inadequate data (Alothman 1996; Chen
2000; Franceschi 1989; Trautmann 1997). Attempts were made to contact these
authors for further information but none could be obtained. In agreement with the
previous version of this review, we excluded one further study bec ause it defined
catheter colonisation as fever and positive tip culture and catheter-related bloodstream
infection as fever and positive (but heterogeneous) blood and catheter cultures (Powell
1985). Please see the tableCharacteristics of excluded studies for more information.
Risk of bias in included studies
Figure 2 and Figure 3 present overall risk of bias. The characteristics of individual
studies are summarised in Characteristics of included studies.
Allocation (selection bias)
Sequence generation
Of the 16 studies 10 described an adequate method for sequence generation (Blight
1998; Buxton 1979; deMoissac 1998; Fox 1999; Josephson 1985; Luskin 1986; Matlow
1999; McLane 1998; Raad 2001; Rickard 2004).
Allocation concealment
An adequate method of allocation concealment was reported in only two studies
(Matlow 1999; McLane 1998).
Blinding (performance bias and detection bias)
Blinding of personnel and participants
No study blinded personnel or participants.
Blinding of outcome assessor
Two studies blinded the outcome assessor (Luskin 1986; Rickard 2004): both blinded
laboratory or microbiology personnel, with additional blinding of a medical rater
in Rickard 2004.
Incomplete outcome data (attrition bias)
Three studies reported complete outcome data (Fox 1999; Gorbea 1984; Rickard
2004). Seven studies (Covey 1988; deMoissac 1998; Jakobsen 1986; Maki
1987; Raad 2001; Sitges-Serra 1985; Snydman 1987) provided incomplete outcome
data.
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Selective reporting (reporting bias)
All of the included studies provided information for all of the outcomes that were prespecified in the paper (protocols were not available for any of the studies). Neither of
our primary outcome measures were reported in all reports.
Other potential sources of bias
None of the studies were supported by manufacturer sponsorship. In eight studies
there were systematic differences between intervention and control groups other than
the intervention (Covey 1988; deMoissac 1998; Gorbea 1984; Luskin 1986; McLane
1998;Sitges-Serra 1985; Snydman 1987). There were unit of analysis problems in four
studies, reporting per administration set rather than per patient (deMoissac 1998; Fox
1999; Luskin 1986; Maki 1987). A questionable randomisation technique was used
byMatlow 1999, as the study randomised approximately 10% of neonates a second
time, if there was a gap in administration set usage. The outcomes reported by Matlow
1999 were analysed according to the first allocated intervention, however,
interpretation of results is confounded by allocation to subsequent interventions.
Effects of interventions
Overall Findings
The main results are displayed in Summary of findings table 1.
1.1 Catheter-related bloodstream infection
There was no evidence for an effect of the frequency of administration set replacement
on catheter-related bloodstream infection, RR 1.06 (95%CI 0.67 to 1.69), Analysis 1.1.
Only eight studies reported this outcome and the rate of catheter-related infection was
zero in five of these.
1.2 Infusate-related bloodstream infection
There was no evidence for an effect of the frequency of administration set replacement
on infusate-related bloodstream infection, RR 0.67 (0.27 to 1.70), Analysis 1.2.
Catheter-related and infusate-related bloodstream infections per 1,000 days
We contacted all authors for data on this outcome. Only one study (Rickard 2004)
provided data: the incidence of catheter-related bloodstream infection was zero in both
groups.
1.3 Catheter colonisation
There was no evidence for an effect of the frequency of administration set replacement
on infusate colonszation, RR 1.08 (0.94 to 1.24), Analysis 1.3.
1.4 Infusate colonisation
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There was no evidence for an effect of the frequency of adm inistration set replacement
on infusate colonisation, RR 1.15 (0.70 to 1.86), Analysis 1.4.
1.5 All-cause bloodstream infection
There was some evidence that less frequent replacement of administration sets
reduced the rate of bloodstream infection from any cause, RR 0.72 (0.54 to
0.98), Analysis 1.5. The point estimates of effect were less than one for all sub
comparison (24 hrs vs 48 hrs; 48 hrs vs 72 hrs; 72 hrs vs 96 hrs), I2 0%. The reduction
in infection in one study, published in abstract, was statistically significant (Blight 1998).
1.6 Mortality
There was some evidence that less frequent replacement of administration sets
increased mortality rate within the neonatal population, RR 1.84 (1.00 to
3.36), Analysis 1.6. Two studies of critically-ill neonates given parenteral nutrition
contributed to this result. One compared administration set replacement every 24 hrs
versus 48 hrs in 166 neonates (Fox 1999) and the other compared replacement every
24 hrs versus 72 hrs in 1189 neonates (Matlow 1999). The composite result was
dominated by Matlow 1999 (96% statistical weight). The risk of bias for mortality was
not high, unlike the risk of bias for microbial sampling, which was undermined by a
clinically-significant imbalance in weights of sampled neonates in the two groups.
Costs
We were unable to perform an economic analysis due to lack of data.
Subgroup Analyses
Catheter site
There were no data on any outcome from studies that recruited only participants with
peripheral catheters.
2.1 Type of infusate
The only outcome that we could analyse for this subgroup was catheter-related
bloodstream infection, for which there was no evidence for an interaction between type
of infusate and outcome, RR 0.8 (0.21 to 3.01), P = 0.65, Analysis 2.1.
3.1 Age group
The only outcome that we could analyse for this subgroup was infusate-related
bloodstream infection, for which there was no evidence for an interaction between age
group and outcome, RR 0.65 (0.29 to 1.46), P = 0.30, Analysis 3.1.
4.1 Vascular access
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The only outcome that we could analyse for this subgroup was infusate-related
bloodstream infection, for which there was no evidence for an interaction between
vascular access and outcome, RR 0.65 (0.29 to 1.46), P = 0.31, Analysis 4.1. This
result was identical to the age subgroup.
2

Outcomes were statistically homogeneous, with I < 10%. We did not investigate
statistical heterogeneity as there were insufficient studies.
Discussion
Summary of main results
Decreasing the frequency of administration set changes from 24 hours to intervals of at
least 48 hours, from 48 hours to at least 72 hours, or from 72 hours to at least 96
hours, did not appear to increase the incidence of catheter-related bacteraemia or
catheter colonization (see Summary of findings table 1). It should be noted however,
that there might not have been adequate power to identify a clinically signific ant
difference in the incidence of catheter-related BSI in the 24 to 48 hour and 48 to 72
hour comparisons. The incidence of catheter-related bacteraemia was two per cent in
the control group for the 24 to 48 hours comparison and five per cent for the 48 to 72
hours and 72 to 96 hours comparisons. For a power of 0.8, 435 participants per group
would be required to show an absolute difference of five per cent in the incidence of
catheter-related BSI compared to the control group. The total number of participants for
the 24 to 48 hours comparison was 143, 298 for the 48 to 72 hours comparison and
1353 for the 72 to 96 hours comparison. Therefore there was probably only adequate
power to detect a difference of 5% or more in the 72 hour to 96 hour comparison.
Although infusate colonisation was identified in all cases where it was recorded as an
outcome, only one study (Fox 1999), which reported data from neonates receiving
parenteral nutrition in a neonatal intensive care unit, identified any cases of infusaterelated bacteraemia. Therefore the infusate colonisation identified in the majority of
these studies did not seem to result in bacteraemia.
It is difficult to draw conclusions regarding the risk of infection when administration sets
contain parenteral nutrition and/or lipid emulsions. Although the subgroup analyses of
participants who received parenteral nutrition and/or lipid emulsions did not appear to
differ from participants who were not given parenteral nutrition and/or lipid emulsions,
or from the overall findings, few studies reported the incidence of bacteraemia in
participants receiving parenteral nutrition or lipid emulsions (Fox 1999; Rickard
2004;Sitges-Serra 1985). In addition, the number of participants in these studies was
small with the largest reporting data for 148 participants (Fox 1999).
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The evidence in relation to administration sets that contain fat emulsions is even
weaker than for administration sets containing parenteral nutrition. Apart from the
studies by Fox 1999, Matlow 1999 and Rickard 2004 which did include lipid emulsions,
it was not clear whether the other studies included lipid emulsions in the parenteral
nutrition administered to participants. It is notable that the mortality risk was
significantly increased when data from these two studies were pooled. But, at this
stage, there is no evidence to suggest that it is safe to extend the period of changing
administration sets that contain lipids beyond an interval of 24 hours, which is generally
accepted as best practice.
Although death was cited as a reason for a participant to be lost to follow -up in two of
the included studies (Blight 1998; Gorbea 1984), the death rate per group was only
reported in two studies (Fox 1999; Matlow 1999). There was some evidence that less
frequent replacement of administration sets increased mortality rate within the criticallyill neonates population. When examining the outcome of mortality, the composite result
was dominated by Matlow 1999 (96% statistical weight), who used randomization
techniques that may have been prone to bias. The study randomised approximately
10% of neonates a second time, if there was a gap in administration set usage. The
mortality outcomes reported by Matlow 1999 were the result of the first randomisation,
however, interpretation of results is confounded by allocation to subsequent
interventions. The possibility that mortality might increase with infrequent
replacements, despite less bloodstream infection, should be of interest to researchers,
clinicians and patients, however current research has only been conducted within the
neonatal population. Researchers would need to control for the increased frequency of
attendance by clinicians that accompany increased frequency of administration set
replacement.
Overall completeness and applicability of evidence
The majority of studies included in this updated systematic review addressed either or
both of the review's most important outcomes, catheter-related and infusate-related
bacteraemia. However some other outcomes, including mortality and costs, were
poorly reported.
Of the 16 included studies, nine were done in an intensive care unit (Blight
1998; Covey 1988; Fox 1999; Gorbea 1984; Luskin 1986; Matlow 1999; McLane
1998; Rickard 2004; Snydman 1987). Two studies were specifically of participants with
cancer (deMoissac 1998; Raad 2001), and five studies (Buxton 1979; Jakobsen
1986; Josephson 1985; Maki 1987; Sitges-Serra 1985) collected data from participants
in a variety of settings. There was a particularly high rate of catheter-related
bacteraemia in the study by Blight 1998 and of infusate-related bacteraemia in the
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study by Fox 1999. As both of these studies were done in intensive care units, it is
possible that the high rate of infection was because of the severity of illness in these
participants. However, the findings in these studies were the same as for the overall
analysis. The mortality meta analysis only included studies within the neonatal
population.
Quality of the evidence
Risk of bias was difficult to assess in most of the studies due to poor reporting. It was
not possible to blind the personnel to the duration of administration sets, which is a
potential source of bias. However, blinding of outcome assessors for the primary
outcomes was feasible, but was only adequately achieved and reported by two of the
studies (Luskin 1986; Rickard 2004). Allocation concealment was also only adequately
achieved and reported by two studies (Matlow 1999; McLane 1998). None of the trials
disclosed receiving partial or full manufacturer sponsorship.
Potential biases in the review process
Clearly described procedures were followed to prevent potential bias in the review
process. CR was an author of one of the studies reviewed (Rickard 2004), but did not
partake in any critique or data extraction for that study. A careful literature search was
conducted and the methods we used are transparent and reproducible. None of the
authors has any conflict of interest.
In order to provide clinically informative comparisons, time periods of administration set
change were pragmatically divided into three different frequencies of administration set
replacement (24 hrs vs ≥48 hrs; 48 hrs vs ≥72 hrs; 72 hrs vs ≥96 hrs). An alternative
technique would have been to use time ratios as the method for division of time
periods, to highlight relative risks. As bacteria and fungi require time for reproduction
and spread, the use of the time ratio technique would be in line with microbiological
principles. However, the studies included in this review did not follow time ratios when
choosing their interventional and control groups, excluding this form of comparison.
Agreements and disagreements with other studies or reviews
The previous version of this review (Gillies 2005) also cautiously advocated changing
intravascular administration sets, that do not contain lipid emulsions, blood or blood
products, at an interval of up to 96 hours, having concluded that this does not affect the
risk of catheter-related or infusate-related bacteraemia in participants with central or
peripheral catheters. We now cautiously extend this finding to peripheral arterial
catheters. The CDC advocates that intravascular administration sets used to administer
fluids other than lipid emulsions, blood or blood products should be routinely changed
no more frequently than every 96 hours (O'Grady 2011) and our review agrees with
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these recommendations. There was also no evidence to suggest that administration
sets containing lipid emulsions should be changed less frequently than the interval of
24 hours recommended by the CDC (O'Grady 2011).
Authors' conclusions
Implications for practice
Overall, there is some evidence that changing intravascular administration sets, that do
not contain lipids, blood or blood products, at an interval of up to 96 hours does not
affect the risk of infusate-related or catheter-related bacteraemia in participants with
central or peripheral, venous or arterial catheters. Infrequent set replacement reduces
nursing time and costs. There was some evidence that mortality increased within the
neonatal population with infrequent administration set replacement. However, many
individual studies included in the review were at risk of bias. More data are required
regarding the rates and incidences of infusate-related and catheter-related
bacteraemia in participants that receive parenteral nutrition, in particular lipid
emulsions.
Implications for research
We think that future research in this area should focus on: administration sets that
contain parenteral nutrition, with and without lipid emulsions; intervals longer than 96
hours between administration set changes.
Research should also include economic and survival analyses. Researchers should
report catheter-related and infusate-related outcomes as rates per 1,000 patient days.
This helps comparisons between clinical settings.
Participants need to be numerous enough to identify any clinically important
differences in outcomes, with each participant being the unit of analysis, with data
presented separately when more than one type of administration set, infusate or
frequency of replacement is studied. Researchers should plan their protocols so that
the risk of bias in each domain is minimised and report these clearly, following the
CONSORT (Schulz 2010).
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Differences between protocol and review
This updated review has incorporated the methodological strategies as described in
(Higgins 2011). Risk of bias summaries (Higgins 2011) were completed using updated
criteria; GradePRO (Schunemann 2011) was used to provide Summary of Findings
tables and PRISMA flow chart (Liberati 2009) was included to summarize study
selection.
Published notes Characteristics of
studies Characteristics of included
studies Blight 1998

Methods

Randomised controlled trial

Participants

769 ICU patients with a CVC containing crystalloids, PN,
lipid or drugs. ICU, Australia.

Interventions

Administration set changes at 72 or 120 h

Outcomes

1. Catheter colonization
2. CR-BSI
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Notes

Exclusions: CVCs inserted by other institutions.
Central catheters: 100%
PN: mixed (proportion unknown)
Loss to follow-up: 36%

Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Unclear risk

(selection bias)
Blinding (performance

Not discussed. Quote: "Randomised on day
3/5 by an independent person" (abstract).

Unclear risk

bias and detection bias)
Blinding of participants

Adequate random sequence generation
method; computer generated.

bias)
Allocation concealment

Support for judgement

Not discussed, not feasible due to research
design.

Unclear risk

and personnel

Not discussed, not feasible due to research
design.

(performance bias)
Blinding of outcome

Unclear risk

Minimal information discussed, "independent

assessment (detection

microbiologist" for primary and secondary

bias)

outcomes.

Incomplete outcome data High risk

Large drop out rate resulting around 30% of

(attrition bias)

tips not cultured; 437/1206.
The rate of attrition was similar in both
groups.

Selective reporting

Unclear risk

(reporting bias)

Conference abstract only, never published.
No pre-protocol.
Lumen culture performed but not reported.

Other bias

Unclear risk

Buxton 1979
Methods

Randomised controlled trial

Participants

600 patients who had new infusions begun within the
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previous 24 h. Four general medical wards (each with an
ICU) and 4 general surgical wards at a general hospital,
USA.
Interventions

Administration set changes at 24 or 48 h

Outcomes

1. Infusate colonisation
2. All-cause BSI

Notes

Exclusions: IV sets in for < 48h; heparin locks, PN, patients
previously in study, cannulation < 2 weeks, protocol failure.
Central catheters: 0%
PN: 0%
Loss to follow-up: 39%

Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Adequate random sequence generation used.
Quote: "Used a random number table to

bias)
Allocation concealment

Support for judgement

assign each new patient".
Unclear risk

Not discussed.

(selection bias)
Blinding (performance

Unclear risk Not discussed, not feasible due to research

bias and detection bias)
Blinding of participants
and personnel

design.
Unclear risk

Not discussed, not feasible due to research
design.

(performance bias)
Blinding of outcome
assessment (detection
bias)

Unclear risk Blinded outcome assessment (phlebitis).
Quote: "a nurse or physician observer who had
no knowledge of when each patient's AS was
changed evaluated each patient daily for the
presence of phlebitis" (p. 765).
Not discussed whether IV fluid colonisation
outcome was assessed by blinded scientists.
No explanation about how BSIs were detected
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Incomplete outcome data High risk
(attrition bias)

Minimal attrition information provided.
Quote: "A total of 987 patients were initially
entered into the study, but 387 patient
infusions were stopped in <48 h" (p. 765).
Possible patients treated at 24 h had
bacteraemia less than 48 h so intention to treat
principle not upheld.

Selective reporting

Low risk

(reporting bias)
Other bias

No pre-protocol.
All outcomes provided.

Unclear risk

Covey 1988
Methods

Randomised controlled trial

Participants

30 critically ill patients requiring pressure monitoring
(peripheral arterial and/or pulmonary artery catheters)

Interventions

Random assignment to 24 or 48 h AS replacement (and a
third group who had a 24 h solution change and 48 h tubing
change)

Outcomes

1.Infusate colonization
2.Hub colonization
3.CR-BSI

Notes
Risk of bias table
Bias

Random sequence

Authors'
judgement

Support for judgement

Unclear risk Minimal information provided regarding random
sequence generation.

generation (selection
bias)

Quote: "Patients were randomly assigned to
one of the following three groups" (p. 210).

Allocation concealment

Unclear risk

Not discussed.

(selection bias)
Blinding (performance

Unclear risk Not discussed, not feasible due to research
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bias and detection bias)
Blinding of participants

design.
Unclear risk

and personnel

Not discussed, not feasible due to research
design.

(performance bias)
Blinding of outcome

Unclear risk Primary outcome measures; no mention of

assessment (detection

whether blinded or not.Quote: "Blood cultures

bias)

taken as clinically indicated for unexplained
fever or other signs of infection" p. 211;
bacteraemia was most likely blinded.

Incomplete outcome data Unclear risk 15/92 infusate cultures missing (not done), 7/39
(attrition bias)

tips not cultured.
No mention of numbers screened, consented
or drop outs

Selective reporting

High risk

Local infection and inflammation of the site
defined in methods but not reported in results

(reporting bias)

per group.
No pre-protocol.
Other bias

High risk

Baseline differences of clinical concern
between groups. e.g. pre-existing infection
(group I 30%; group III 10%): Swan Ganz
(group I 1; group II 6). Both disposable and
non-disposable transducers used; confounding
factor.

deMoissac 1998
Methods

Randomised controlled trial

Participants

50 cancer patients with a tunnelled CVC.
Large urban cancer centre, Canada.

Interventions

Administration set changes at 24 or 48 h

Outcomes

1. Infusate colonisation
2. IR-BSI

Notes

Exclusions: Not stated.
Central catheters: 100%
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PN: 14.5%
Loss to follow-up: Not stated
Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Adequate random sequence generation.
Quote: "A table of random numbers was used

bias)
Allocation concealment

Support for judgement

to assign subjects" (p. 908).
Unclear risk

Not discussed.

(selection bias)
Blinding (performance

Unclear risk

bias and detection bias)

Blinding of participants

design.

Unclear risk

and personnel

Not discussed, unfeasible due to study
design.

(performance bias)
Blinding of outcome

Not discussed, unfeasible due to study

Quote: "Colored labels added to IV AS".
Unclear risk
Outcome blinding not discussed.

assessment (detection
bias)
Incomplete outcome data Unclear risk
(attrition bias)

Poor information regarding attrition provided.
50 participants (25/25); results not reported
per patient.
Quote: "In cases in which the study protocol
for changing AS was broken, subjects were
excluded from further analysis" (p. 909).
n = 10 out of the 423 sets; doesn't say which
group were excluded.
Quote: "62% of subjects completed the 5
proposed infusate measurements" (p. 909).

Selective reporting

Low risk

No pre-protocol.

(reporting bias)
Other bias

High risk

Significant difference in chemotherapy and
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non-antibiotic treatment between groups (p.
909).
Results given per AS not per patient.
Fox 1999
Methods

Randomised controlled trial

Participants

166 neonates receiving TPN. NICU, Canada.

Interventions

Administration set changes at 24 or 48 h

Outcomes

1. IR-BSI
2. All-cause BSI
3. Mortality

Notes

Exclusions: Not stated.
Central catheters: >30%
PN: 100%
Loss to follow-up: 10.8%, nil for mortality.

Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Adequate random sequence generation.
Quote: "A random number table was used to

bias)
Allocation concealment

Support for judgement

allocate infants in a one to two ratio" (p.150).
Unclear risk

Not discussed.

(selection bias)
Blinding (performance

Unclear risk Not discussed, not feasible due to research

bias and detection bias)
Blinding of participants

design.
Unclear risk

and personnel

Not discussed, not feasible due to research
design

(performance bias)
Blinding of outcome

Unclear risk

assessment (detection

Outcome blinding not discussed.

bias)
Incomplete outcome data Low risk

Adequately reported: n=166 randomised, 149
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(attrition bias)

cultured infusate (therefore 14 not sent as PN
ceased, 3 deceased, 1 crossed over).
Roughly equates to equal attrition between
groups.

Selective reporting

Low risk

No pre-protocol

(reporting bias)
Other bias

High risk

Did not monitor set interruptions.Two types of
administration sets in use Quote: "determined
by the type of IV pump in use" (p. 151) but not
reported by group.
Quote: "Unit of measurement was infusate
sample not patient" (p. 151) but study was
randomised per patient.

Gorbea 1984
Methods

Alternately allocated controlled clinical trial

Participants

123 adult patients in a surgical ICU that required IV therapy
for the required period of time. Hospital, USA.

Interventions

Administration set changes at 24 or 48 h

Outcomes

1.Infusate colonisation
2. IR-BSI
3. CR-BSI
4. All-cause BSI

Notes

Exclusions: Patients receiving PN through a central line.
Confounders: The 24 h group had a greater no. of
catheters/patient and a greater proportion receiving
antibiotics.
Central catheters: 38%
PN: 0% (central), not stated for peripheral
Loss to follow-up: 22%

Risk of bias table
Bias

Authors'

Support for judgement
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judgement
Random sequence

High risk

generation (selection

predictable.

bias)
Allocation concealment

Poor random sequence generation; easily

Quote: "Alternatively assigned".
High risk

Not feasible due to poor sequence generation.

(selection bias)
Blinding (performance

Unclear risk Not discussed, not feasible due to research

bias and detection bias)
Blinding of participants

design
Unclear risk

and personnel

Not discussed, not feasible due to research
design

(performance bias)
Blinding of outcome

Unclear risk
Outcome blinding possible but not discussed.

assessment (detection
bias)
Incomplete outcome data Low risk
(attrition bias)

Attrition adequately described.
157 enrolled, 34 drop outs (15 in 24 h, 19 in
48 h) because of early discharge or death.

Selective reporting

Low risk

No pre-protocol.

(reporting bias)
Other bias

High risk

Difference in baseline characteristics of
concern:
More CVCs (49 vs 30) in 24 h group.
More cultures for all outcomes completed in
24 h group
24 h group significant increased injections,
increased antibiotics, increased length of ICU
stay.
24 h group only required 24 h minimum stay in
ICU (or they were excluded); while 48 h group
had to stay in ICU 48 h (or they were
excluded)

Jakobsen 1986
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Methods

Randomised controlled trial

Participants

325 patients likely to receive IV therapy for at least 3 days. 3
surgical and 5 medical centres, Denmark.

Interventions

Administration set changes at 24, 48, 72, 96 or 120 h

Outcomes

1. Catheter colonization

Notes

Exclusions: Cannula change due to extravasation; PN in
main line.
Central catheters: 0%
PN: Mixed (not in main line)
Loss to follow-up: 27%

Risk of bias table
Bias
Random sequence
generation (selection
bias)

Allocation concealment

Authors'
judgement

Support for judgement

Unclear risk Unclear randomization method.
Quote: "A prospective randomised trial"
(p.218).

Unclear risk Not discussed.

(selection bias)
Blinding (performance
bias and detection bias)

Blinding of participants
and personnel

Unclear risk Not discussed, not feasible due to research
design.

Unclear risk Not discussed, not feasible due to research
design

(performance bias)
Blinding of outcome
assessment (detection
bias)

Unclear risk Outcome blinding possible but not discussed.
Quote: "All sampling was carried out by the
physicians conducting the study" (p.219).

Incomplete outcome data Unclear risk Inadequate information provided regarding
(attrition bias)

attrition.
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Quote: "If cannulae was removed because of
extravasation, the patient was excluded from
the study" (p.218).
Quote: "527 patient admitted to the study; 140
were excluded for various reasons and as
expected form the study design, the number
excluded increased from group 1 to group 5" (p.
219).
Selective reporting

Unclear risk No pre-protocol.

(reporting bias)
Other bias

BSI not reported by group.
High risk

Quote: "The results were evaluated once a
week and the study was designed to stop if a
statistically significant difference in
contamination rates of the cannulae and/or
administration sets was found between any of
the groups" (p.219).
No baseline statistics by group provided, just
"no epidemiological difference was found".
No correction for time at risk or multiple
sampling.

Josephson 1985
Methods

Randomised controlled trial

Participants

173 medical patients who had an IV started in the previous
24h. 350 bed University hospital, USA.

Interventions

Administration set changes at 48 h or no change for the
remainder of the cannula placement i.e. (at least 72 h)

Outcomes

1. Infusate colonisation
2. IR-BSI
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Notes

Exclusions: Casein, fat emulsions or blood in lines or
vascular line monitoring systems.
Central catheters: 0%
PN: 0%
Loss to follow-up: not stated

Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Support for judgement

Adequate random sequence generation.
Quote: "Were randomly assigned according to

bias)

a table of random numbers" (abstract and
p.368).

Allocation concealment

Unclear risk

Not discussed.

(selection bias)
Blinding (performance

Unclear risk Not discussed, not feasible due to research

bias and detection bias)
Blinding of participants

design.
Unclear risk

and personnel

Not discussed, not feasible due to research
design.

(performance bias)
Blinding of outcome

Unclear risk
Outcome blinding, possible but not discussed.

assessment (detection
bias)
Incomplete outcome data High risk
(attrition bias)

Imbalanced attrition.
Quote: "Patients whose IVs were in place for
fewer than three days or whose tubing change
protocol was broken prior to three days of
therapy were dropped from the study". This
occurred 166 times in the 48 h group and 106
times in the no-change group" (p.368).

Selective reporting

Unclear risk No pre-protocol.

(reporting bias)

Only 26% tips were cultured (all were required
as it was a secondary endpoint)

Other bias

High risk

Multiple infusions per patient randomised.
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Luskin 1986
Methods

Randomised controlled trial

Participants

112 patients with a peripheral arterial or pulmonary arterial
catheter started 36-48 h ago, and it was anticipated that the
catheter would remain in place for at least 72 h.

Interventions

Transducer administration set changes at 48 h or 192 h,
Following a protocol amendment at n = 80, the 192 h
intervention was reduced to 96 h for remainder of the trial.

Outcomes

1. Infusate colonisation
2. IR-BSI
3. Catheter colonisation (tip and hub)

Notes

Exclusions: 5 catheters excluded post randomisations.

Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Adequate random sequence generation.
Quote: "Patients were randomised in blocks of

bias)
Allocation concealment

Support for judgement

20, based on a random number table".
Unclear risk Not discussed.

(selection bias)
Blinding (performance

Unclear risk Not discussed, not feasible due to research

bias and detection bias)
Blinding of participants

design.
Unclear risk

and personnel

Not discussed, not feasible due to research
design.

(performance bias)
Blinding of outcome

Low risk

assessment (detection
bias)

Outcome assessors blinded.
Quote:"Laboratory personnel had no knowledge
of the group to which a patient was assigned".

Incomplete outcome data High risk

Poor provision of attrition data.

(attrition bias)

Quote: “130 admissions (112 patients) were
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entered into the study” (p. 918).
112 patients were randomised and 120 patients
reported “12 patients were re-randomised” (p.
918). Not reported how many per group.
Difficult to ascertain since there is overlap
between patients and catheters.
5 transducers excluded post randomisation: 3
catheters excluded because removed within 6
hours of intervention; 1 because time of
transducer change not found, and 1 which had
not met inclusion criteria. Reason for removal
not reported.
Selective reporting

High risk

(reporting bias)

No pre-protocol.
Tip colonization and BSIs not reported per
study group.
Infusate colonisation not reported per patient or
per device.

Other bias

High risk

Clinical difference at baseline: non-statistically
significant higher baseline infusate colonisation
in patients randomised to the ≥96 h group and
also had 9% higher incidence of dirty wounds.
Protocol changed at n = 80 and intervention
changed (192 h group changed to a 96 h
group).
Non-independence with 12 patients rerandomised (with new IV at another site)

Maki 1987
Methods

Randomised controlled trial

Participants

487 patients in the general surgical, medical oncology,
surgical ICU and Centre for Trauma and Life Support. Acute
care hospital, USA.

Interventions

Administration set changes at 48 or 72 h
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Outcomes

1. IR-BSI
2. All-cause BSI

Notes

Exclusions: Patients with granulocytopenia
Central catheters: 56%
PN: 12% Loss to follow-up: not stated

Risk of bias table
Bias

Random sequence

Authors'
judgement

Support for judgement

Unclear risk
Quote: "Was randomised" (p. 1778).

generation (selection
bias)
Allocation concealment

Unclear risk

Not discussed.

(selection bias)
Blinding (performance

Unclear risk Not discussed, not feasible due to study

bias and detection bias)
Blinding of participants

design.
Unclear risk

and personnel

Not discussed, not feasible due to study
design.

(performance bias)
Blinding of outcome
assessment (detection

Unclear risk
Outcome blinding, possible but not discussed

bias)
Incomplete outcome data Unclear risk Minimal attrition information provided; no
(attrition bias)

mention of numbers randomised or any
missing data.
Inaccurate reporting in results section between
table 1 (patient number = 487; AS number =
1374) and text quote: "1479 patient IV
infusions were studied" (p. 1778).

Selective reporting
(reporting bias)
Other bias

Unclear risk No IR-BSI reported.
No pre-protocol
Unclear risk Not independent units of measure (i.e. per AS
not per patient)

Matlow 1999
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Methods

Randomised controlled trial

Participants

1189 neonates admitted to the NICU for whom IV lipid
therapy was ordered. NICU of Paediatric Hospital, Canada.

Interventions

Administration set changes at 24 or 72 h. Eight per cent of
babies randomised to study more than once

Outcomes

1. Mortality.

Notes

Exclusions: Patients receiving blood or blood products,
disconnection of the set for more than 4 h or without sterile
gauze coverage.
Central catheters: Mixed (proportion unknown)
PN: 100%
Loss to follow-up: Not clear, 45.9% of catheters were not
sampled. Nil for mortality.
Data based on first randomisation when babies were
randomised more than once to study.

Risk of bias table
Bias

Random sequence
generation (selection
bias)

Authors'
judgement
Low risk

Support for judgement

Adequate method of random sequence
generation.
Quote: "Infants requiring IV lipid treatment
were randomly assigned to have IV sets
changed on a 72 h schedule, in a 3:1 ratio"
(abstract).
Quote: "Patients were randomised in
pharmacy" (abstract).
Quote: "Using a table of assignments by
random number" (p. 488).
Quote: "The ratio was altered to between 1:3
and 1:6 periodically when an imbalance in the
numbers in the two treatment groups was
observed" (p. 488).
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Allocation concealment

Low risk

(selection bias)
Blinding (performance

concealment.
Unclear risk Not discussed, not feasible due to study

bias and detection bias)
Blinding of participants

Randomised in pharmacy, adequate

design
Unclear risk

and personnel

Not discussed, not feasible due to study
design

(performance bias)
Blinding of outcome

Unclear risk
Outcome blinding possible but not discussed

assessment (detection
bias)
Incomplete outcome data High risk
(attrition bias)

Inadequate attrition data provided.
n=1278 randomised (979 = 72 h, 250 = 24 h).
Only 500 of the 72 h and 191 of the 24 h
completed study.

Selective reporting

Low risk

No pre-protocol reported.

(reporting bias)
Other bias

Unclear risk Unequal group numbers.

McLane 1998
Methods

Randomised controlled trial

Participants

76 people with 49 arterial lines and/or 55 pulmonary artery
catheters

Interventions

48 or 72 h AS use

Outcomes

1. Infusate colonisation
2. IR-BSI
3. Catheter colonisation - tip (distal) and hub (proximal)
4. CR-BSI

Notes

Nil exclusions
No ITT
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Risk of bias table
Bias
Random sequence

Authors'
judgement
Low risk

generation (selection

Support for judgement
Adequate random sequence generation.
Quote: "After informed consent was obtained,

bias)

subjects were randomly allocated by coin toss
to one of the following two groups" (p. 206).

Allocation concealment

Low risk

to conceal allocation.

(selection bias)
Blinding (performance

Coin toss after each patient would be adequate

Unclear risk

Not discussed, not feasible due to study design.

bias and detection bias)
Blinding of participants

Unclear risk

Not discussed, not feasible due to study design.

and personnel
(performance bias)
Blinding of outcome

Unclear risk
Outcome blinding, possible but not discussed

assessment (detection
bias)
Incomplete outcome data High risk

Inadequate attrition data provided: not reported

(attrition bias)

how many patients were screened, consented
or eliminated.
Quote: "Noncompliance with frequency of
solution, stopcock or tubing changes, early
catheter removal, or failure to obtain
appropriate cultures eliminated the subjects
from the study. Subject attrition was handled by
entering another subject into the study" (p.206)

Selective reporting

Low risk

No pre-protocol.

(reporting bias)
Other bias

Unclear risk Quote: "Specimens were obtained for culture
before each flush solution change per group
assignment (48 or 72 h)" (p.206).
More frequent outcome measurements in 48 h
group.
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Raad 2001
Methods

Randomised controlled trial

Participants

428 cancer patients requiring IV therapy. Tertiary university
cancer centre, USA.

Interventions

Administration set changes at 72 or 96 - 168 h

Outcomes

1. Infusate colonisation
2. IR-BSI
3. CR-BSI

Notes

Exclusions: Not stated.
Central catheters: 100%
PN: Data from PN patients couldn't be used as it included
patients receiving blood.
Loss to follow-up: not stated

Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Support for judgement

Adequate random sequence generation.
Quote: "Prospective randomised study"

bias)

(abstract).
Quote: "Computer-generated randomisation
list" (p.136-7).

Allocation concealment

Unclear risk

Not discussed.

(selection bias)
Blinding (performance

Unclear risk

bias and detection bias)
Blinding of participants

Not discussed, not feasible due to study
design

Unclear risk

and personnel

Not discussed, not feasible due to study
design

(performance bias)
Blinding of outcome

Unclear risk

Outcome blinding possible, but not discussed

assessment (detection
bias)
Incomplete outcome data Unclear risk

No mention of any missing data or attrition.
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(attrition bias)
Selective reporting

Unclear risk

No pre-protocol.Stopped early (n = 512) after
interim analysis showed 3 IR-BSI in 96-167 h

(reporting bias)

group (P = 0.09).
Other bias

Unclear risk

Outcome definition of contaminated tip was
>/= 10cfu.

Rickard 2004
Methods

Randomised controlled trial

Participants

251 ICU patients with a CVC receiving any combination of
crystalloids, lipids and non-lipid PN.

Interventions

Administration set changes at 72 h or no change up to 144
h

Outcomes

1. Catheter colonization
2. CR-BSI

Notes

Fluid container bags were changed every 24 h.
Central catheters: 100%
PN: separate data available for patients receiving PN.
Loss to follow-up: 5%

Risk of bias table
Bias

Random sequence

Authors'
judgement
Low risk

generation (selection

Support for judgement

Adequate random sequence generation.
Quote: "A computerised random-number

bias)

generator randomised each CVC to either
receive a routine set change or have the
original administration set left intact for the
duration of catheterisation" (p.651)

Allocation concealment
(selection bias)
Blinding (performance
bias and detection bias)

High risk

Not originally reported, after checking with
author: not adequately concealed.

Unclear risk Not discussed, not feasible due to study
design.
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Blinding of participants

Unclear risk

Not discussed, not feasible due to study design

and personnel
(performance bias)
Blinding of outcome

Low risk

assessment (detection

Main outcome: CR-BSI concealed: laboratory
staff were blinded to the study group.

bias)

Quote: "a blinded intensivist reviewed
microbiological results .... and cases of
systemic inflammatory response syndrome
using strict definitions to diagnose" (p. 651)

Incomplete outcome data Low risk

Quote: "29 (7.1%) of the CVCs were not

(attrition bias)

cultured due to autopsy or lost or contaminated
specimens... these were equally distributed
between the groups" (p.652)
No information in manuscript re. CR-BSI
missing outcomes; clarified with author, daily
check of microbiological reporting system was
undertaken

Selective reporting

Low risk

(reporting bias)

No pre-protocol.
Primary outcome variables were specified and
reported on.

Other bias

Unclear risk

Sitges-Serra 1985
Methods

Randomised controlled trial

Participants

52 adult surgical patients undergoing PN through a
subclavian catheter
Appears to have been a hospital in Spain.

Interventions

Administration set changes at 48 or 96 h

Outcomes

1. IR-BSI
2. Catheter colonisation
3. CR-BSI

Notes

Exclusions: Not stated.
Central catheters: 100%
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PN: 100%
Loss to follow-up: not stated
Risk of bias table
Bias

Random sequence

Authors'
judgement
High risk

Support for judgement

Inadequate random sequence generation;
easily predictable.

generation (selection
bias)

Quote: "Patients randomly assigned to one of
two groups according to their hospital
number" (p. 322).

Allocation concealment

High risk

number easily predictable.

(selection bias)
Blinding (performance

Unclear risk

bias and detection bias)
Blinding of participants

Inadequate concealment; use of hospital

Not discussed, but not feasible in the study
design.

Unclear risk

and personnel

Not discussed, but not feasible in the study
design.

(performance bias)
Blinding of outcome

Unclear risk

Outcome blinding, possible but not discussed

assessment (detection
bias)
Incomplete outcome data Unclear risk

Minimal information provided regarding

(attrition bias)

attrition; no mention of missing samples.

Selective reporting

Low risk

No pre-protocol.

(reporting bias)
Other bias

Unclear risk

PN mean 4 days longer in group A (not
statistically significant).
No other demographic data presented.

Snydman 1987
Methods

Alternately allocated controlled clinical trial

Participants

170 adult patients admitted to the medical and surgical ICUs
receiving IV therapy for the required period.
Medical and surgical ICUs, USA.
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Interventions

Administration set changes at 48 or 72 h

Outcomes

1. IR-BSI
2. CR-BSI
3. All-cause BSI

Notes

Exclusions: Previously enrolled in study or receiving blood
products, PN or lipids. Confounders: The no. of burettes per
line was statistically lower in the 72 h group.
Central catheters: 27%
PN: 0%
Loss to follow-up: 52%

Risk of bias table
Bias
Random sequence

Authors'
judgement
High risk

Support for judgement

Poor random sequence generation.

generation (selection
Quote: "Alternatively assigned" (abstract).

bias)
Allocation concealment

High risk

Easily predictable, inadequate concealment.

(selection bias)
Blinding (performance

Unclear risk

bias and detection bias)
Blinding of participants

Not discussed, but not feasible in the study
design.

Unclear risk

and personnel

Not discussed, but not feasible in the study
design.

(performance bias)
Blinding of outcome

Unclear risk

Phlebitis measures were undertaken by staff

assessment (detection

blinded to culture results, but not known if

bias)

they were blinded to group.
Not discussed whether outcome assessors
were blinded during cultures.

Incomplete outcome data Unclear risk
(attrition bias)

No discussion of attrition and missed cultures.
Originally 356 enrolled (176 / 180) but
(71/115) dropped as discharged / died <
48/72 h.

239

Imbalanced groups n=105 (48 h), n=62 (72
h).
Selective reporting

Low risk

No pre-protocol

(reporting bias)
Other bias

High risk

Results given per AS not per patient.
1.5 days longer ICU stay for 72 h group.
Higher antibiotic courses in the 48 h group
Imbalanced AS cultured (745/449) between
groups.

Footnotes
AS: administration set, BSI: bloodstream infection, cfu: colony forming units, CR-BSI:
catheter-related bloodstream infection, CVC: central venous catheter, h: hours, ICU:
Intensive Care Unit, IR-BSI: infusate-related bloodstream infection, IV: intravenous,
NICU: Neonatal Intensive Care Unit, no.: number; PN: parenteral nutrition.
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Characteristics of excluded studies
Alothman 1996
Reason for exclusion

No data could be obtained for the review.

Band 1979
Reason for exclusion

Not a RCT or CCT.

Chen 2000
Reason for exclusion

No data could be obtained for the review.

Cohen 1989
Reason for exclusion

Not a RCT or CCT.

Franceschi 1989
Reason for exclusion

Inadequate data for extraction.

O'Malley 1994
Reason for exclusion

Not a RCT or CCT.

Powell 1985
Reason for exclusion

Outcomes did not correspond with the definitions used in this
review.

Robathan 1995
Reason for exclusion

Not a RCT or CCT.

Robertson 1991
Reason for exclusion

Does not investigate timing of administration set changes.

Trautmann 1997
Reason for exclusion

No data could be obtained for the review.

Footnotes
Characteristics of studies awaiting classification
Footnotes
Characteristics of ongoing studies
Footnotes
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Summary of findings tables
1 Primary analysis: less versus more frequent for intravenous administration set
replacement
Patient or population: Patients with intravenous administration set replacement
Settings: All acute care settings
Intervention: Primary analysis: less versus more frequent
Outcomes

Illustrative comparative

Relativ No of

Quality

risks

e effect Participant of the
(95%

s

evidence

CI)

(studies)

(GRADE)

Catheter-

RR

1794

related BSI

1.06

Assumed

Correspondin

risk

g risk

More

Less frequent

frequent
AS

Comment
s

AS
replacement

replacement

as defined

33 out of 932

using criteria patients
(3.5%)
specified
by Maki

developed a

2006; Mermel catheterrelated BSI
2009;

35 out of 862
patients (4.1%)

(8 studies)

(0.66 to
1.68)
⊕⊕⊝⊝

developed a

low

catheter-

1,2

related BSI

andO'Grady
2002
Infusaterelated BSI

9 out of 945
patients(0.95

as defined
using criteria
specified
by O'Grady

%)
developed an
infusaterelated BSI

11 out of 902

RR

1847

0.69

(11 studies)

patients (1.2%) (0.31 to

⊕⊕⊝⊝

developed an 1.51)

low

infusate-

1,2

related BSI

2002
Infusate

27 infusates, 29 infusates,

RR

colonization out of a total out of a total of 1.15

1549

⊕⊕⊝⊝

(8 studies) low

1,2
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any positive

of 808

741 (3.9%),

(0.7 to

quantitative

(3.3%), were were colonised 1.86)

culture of

colonised

infusate
Catheter
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266 catheters, RR

colonization catheters, out out of a total of 1.08
any positive
semiquantitative or
quantitative

of a total of

731 (36.4%),

1448

⊕⊕⊕⊝

(4 studies) moderate
1

(0.94 to

717 (33.4%), were colonised 1.24)
were
colonised

culture from
the distal
catheter
segment
All-cause

82 out of

BSI

1135 patients patients (5.9%) 0.82

any positive
blood culture
drawn from a
peripheral

(7.2%)

69 out of 1162 RR
developed a

developed a BSI from any

2297

⊕⊕⊝⊝

(6 studies) low

1,2

(0.48 to
1.4)

BSI from any cause
cause

vein taken
whilst the IVD
is in situ, or
within 48
hours of
removal
(O'Grady
2002)
Mortality

11 out of 303 77 out of 1052 RR
neonatal ICU neonatal ICU

1.85

patients died patients died

(1.01 to

(3.6%),

(7.3%), during 3.38)

during their

their admission

1355

⊕⊕⊝⊝

(2 studies) low

1,3

admission to to hospital
hospital
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CI: Confidence interval; RR: Risk ratio;
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the
estimate of effect.
Moderate quality: Further research is likely to have an important impact on our
confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
Footnotes
1

The proportion of information from studies at high or unclear risk of bias is sufficient to

affect the interpretation of results.
2

Due to low rate of events and wide confidence intervals of all studies.

3

Studies included undertaken in a specific subgroup, not able to generalise results

outside of this subgroup.
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Data and analyses
1 Primary analysis: less versus more frequent
Outcome or Subgroup Studies Participants Statistical Method
1.1 Catheter-related

8

1794

2

143

3

298

3

1353

10

1419

4

341

6

1078

1.3 Catheter colonization 4

1448

bloodstream infection
1.1.1 48 hours or more
versus 24 hours
1.1.2 72 hours or more
versus 48 hours
1.1.3 96 hours or more
versus 72 hours
1.2 Infusate-related
bloodstream infection
1.2.1 48 hours or more
versus 24 hours
1.2.2 72 hours or more
versus 48 hours

1.3.1 48 hours or more

1

182

2

198

3

1068

1.4 Infusate colonization 8

1549

versus 24 hours
1.3.2 72 hours or more
versus 48 hours
1.3.3 96 hours or more
versus 72 hours

1.4.1 48 hours or more
versus 24 hours
1.4.2 72 hours or more
versus 48 hours
1.4.3 96 hours or more

4

793

3

328

1

428

Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)

Effect
Estimate
1.06[0.67, 1.69]

1.08[0.07, 16.95]

0.80[0.21, 3.01]

1.10[0.67, 1.83]

0.67[0.27, 1.70]

0.58[0.25, 1.35]

3.20[0.13, 77.10]

1.07[0.93, 1.22]

0.81[0.52, 1.26]

1.28[0.81, 2.03]

1.11[0.85, 1.44]

1.10[0.68, 1.79]

1.06[0.62, 1.82]

2.23[0.29, 17.01]

Risk Ratio(M-H, Random, 1.02[0.28, 3.75]
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versus 72 hours
1.5 All-cause
bloodstream infection
1.5.1 48 hours or more
versus 24 hours
1.5.2 72 hours or more
versus 48 hours
1.5.3 96 hours or more
versus 72 hours
1.6 Mortality

95% CI)
6

2297

3

871

2

657

1

769

2

1355

2

1355

Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)
Risk Ratio(M-H, Random,
95% CI)

0.73[0.54, 0.98]

0.84[0.48, 1.48]

0.71[0.18, 2.88]

0.69[0.48, 0.99]

1.84[1.00, 3.36]

1.6.1 48 hours or more
versus 24 hours
(neonatal population

Risk Ratio(M-H, Random,
95% CI)

1.84[1.00, 3.36]

only)

2 Subgroup infusate: less versus more frequent
Outcome or Subgroup Studies Participants Statistical Method
2.1 Catheter-related

4

804

2.1.1 PN

2

64

2.1.2 Non-PN

3

740

bloodstream infection

Risk Ratio(IV, Fixed, 95%
CI)
Risk Ratio(IV, Fixed, 95%
CI)
Risk Ratio(IV, Fixed, 95%
CI)

Effect
Estimate
0.80[0.21, 3.01]

1.25[0.12, 12.91]

0.65[0.13, 3.23]

3 Subgroup age: less versus more frequent
Outcome or Subgroup Studies Participants Statistical Method
3.1 Infusate-related
bloodstream infection

6

689

Risk Ratio(IV, Fixed, 95%
CI)

Effect
Estimate
0.65[0.29, 1.46]
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3.1.1 Adults

5

541

3.1.2 Neonates

1

148

Risk Ratio(IV, Fixed, 95%
CI)
Risk Ratio(IV, Fixed, 95%
CI)

3.20[0.13, 77.10]

0.58[0.25, 1.35]

4 Subgroup access: less versus more frequent
Outcome or Subgroup Studies Participants Statistical Method
4.1 Infusate-related

11

1844

4.1.1 Arterial

3

216

4.1.2 Venous

8

1628

bloodstream infection

Risk Ratio(IV, Fixed, 95%
CI)
Risk Ratio(IV, Fixed, 95%
CI)
Risk Ratio(IV, Fixed, 95%
CI)

Effect
Estimate
0.65[0.29, 1.46]

3.20[0.13, 77.10]

0.58[0.25, 1.35]
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Figures
Figure 1 PRISMA Study flow diagram (Liberati 2009)
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Figure 2 Risk of bias summary: review authors' judgements about each
risk of bias item for each included study.
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Figure 3 Risk of bias graph: review authors' judgements about each risk
of bias item presented as percentages across all included studies.
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Appendices

1 Search strategy for Cochrane Central Register of Controlled Trials
(CENTRAL), the Cochrane Library
#1 MeSH descriptor Parenteral Nutrition, Total explode all trees
#2 MeSH descriptor Parenteral Nutrition explode all trees
#3 vamin or (transducer near (set* or tub*))
#4 MeSH descriptor Infusions, Intravenous explode all trees
#5 (arterial or intravenous) near (therap* or infusion* or administrat* or catheter*)
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#6 MeSH descriptor Catheterisation explode all trees
#7 (#1 OR #2 OR #3 OR #4 OR #5 OR #6)
#8 (timing or time-frame) and ((line change*) or (set replacement))
#9 (#7 AND #8)

2 Search strategy for MEDLINE (Ovid SP)
1. exp Parenteral Nutrition/ or Infusions-Intravenous/ or Catheterisation/ or Catheters,
Indwelling/ or (parenteral adj5 nutrition).mp. or vamin*.mp. or ((arterial or intravenous)
adj3 (therap* or infusion* or administrat* or catheter*)).ti,ab. or line change*.mp. or
(transducer adj3 (set* or tub*)).mp.
2. (timing or time-frame).mp. or period*.ti.
3. ((randomised controlled trial or controlled clinical trial).pt. or randomised.ab. or
placebo.ab. or drug therapy.fs. or randomly.ab. or trial.ab. or groups.ab.) not (animals
not (humans and animals)).sh.
4. 1 and 2 and 3

3 Search strategy for EMBASE (Ovid SP)
1. parenteral-nutrition/ or intravenous-drug-administration/ or exp artery catheter/ or
indwelling catheter/ or CATHETERISATION/ or (parenteral adj5 nutrition).mp. or
vamin*.mp. or ((arterial or intravenous) adj3 (therap* or infusion* or administrat* or
catheter*)).ti,ab. or line change*.mp. or (transducer adj3 (set* or tub*)).mp.
2. (timing or time-frame).mp.
3. (randomised-controlled-trial/ or randomization/ or controlled-study/ or multicenterstudy/ or phase-3-clinical-trial/ or phase-4-clinical-trial/ or double-blind-procedure/ or
single-blind-procedure/ or (random* or cross?over* or factorial* or placebo* or
volunteer* or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*))).ti,ab.) not
(animals not (humans and animals)).sh.
4. 1 and 2 and 3

4 Search strategy for CINAHL (EBSCO host)
S1 (MM "Arterial Catheters") OR (MM "Catheter Removal") OR (MH "Catheterisation")
S2 (MH "Parenteral Nutrition+") or (MM "Infusions, Intravenous")
S3 (parenteral and nutrition)
S4 (arterial or intravenous) and (therap* or infusion* or administrat* or catheter*)
S5 line chang*
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S6 transducer and (set* or tub*)
S7 S1 or S2 or S3 or S4 or S5 or S6
S8 TX ( timing or time-frame ) or TI period
S9 S7 and S8

Graphs
1 - Primary analysis: less versus more frequent
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1.2 lnfusate-related bloodstream infection
less frequent
More frequent
Ris.k Ratio
Study or Subgroup
Total Events
Total Weight M-H,Random,95% Cl
Events
1 2.148 hours or more versus 24 hours
Covey 1988
0
10
10
Not estimable
deMoissac 1998
0
25
25
Not estimable
Fox 1999
10
97
51 91.7%
0.58 [0.25,1.35J
Gorbea 1984
64
0
59
Not estimable
Subtotal [95% Cl)
0.58 [0.25,1.35]
191
150 91.7%
Total events
10
Heterogeneity:Not applicable
Test for overall effect: Z= 1.26 (P = 0.21)
1 2.2 72 hours or more versus 48 hours
Josephson1985
0
82
Luskin 1986
1
58
Maki1987
0
248
Mclane 1998
0
38
Sitges-Serra 1985
0
32
Snydman 1987
0
65
Subtotal [95% Cl)
523
Total events
Heterogeneity:Not applicable
Test for overall effect: Z= 0.72 (P = 0.47)

91
62
239
38
20
105
555

8.3%

8.3%

Total [95% Cl)
714
705 100.0%
Total events
11
Heterogeneity:Tau•= 0.06; Chi'= 1.05, df= 1 (P = 0.31);I'= 4%
Test for overall effect: Z= 0.84 (P = 0.40)
Test for subaroup differences: Chi'= 1.03. df= 1 (P = 0.31l.l'= 2.8%

Risk Ratio
M-H,Random,95% Cl

Not estimable
3.20 [0.13, 77.1OJ
Not estimable
Not estimable
Not estimable
Not estimable
3.20 [0.13,77.1OJ

0.67 [0.27,1.70J
0.01
0.1
10
100
Favours less frequent Favours more frequent

1.3 Catheter colonization
less frequent
More frequent
Risk Ratio
Study or Subgroup
Events
Total Events
Total Weight M-H,Random, 95% Ct
1.3.1 48 hours or more versus 24 hours
Jakobsen 1986
24
86
33
96
9.6%
0.81 [0.52, 1.26J
0.81[0.52,1.26]
Subtotal (95% CtJ
86
96
9.6%
Total events
24
33
Heterogeneity:Not applicable
Test for overall effect Z = 0.93 (P = 0.35)
1.3.2 72 hours or more versus 48 hours
Sitges-Serra 1985
3
32
20
0.6%
Jakobsen 1986
22
60
24
86
8.1%
Subtotal (95% Ct)
92
106
8.8%
Total events
25
26
Heterogeneity: Tau• = 0.00; Chi'= 0.1 4, df = 1 (P = 0.71);I'= 0%
Test for overall effect Z = 1.06 (P = 0.29)
1.3.3 96 hours or more versus 72 hours
Blight 1998
177
159
376 70.9%
393
Jakobsen 1986
22
35
83
60 10. 5%
Rickard 2004
5
79
0. 2%
77
Subtotal (95% Ct)
515 81.7%
553
Total events
217
181
Heterogeneity: Tau• = 0.02; Chi'= 2.73, df = 2 (P = 0.26);I'= 27%
Teslfor overall effect Z = 0.78 (P = 0.44)
Total (95% Ct)
731
717 100.0%
Total events
266
240
Heterogeneity: Tau'= 0.00; Chi'= 4.99, df= 5 (P = 0.42);I'= 0%
Test for overall effect Z = 0.96 (P = 0.34)
Teslfor subqroup differences: Chi'= 2.20,df = 2 (P = 0.33),I'= 9.1%

Risk Ratio
M-H,Random,95% Cl

•

0.94 [0.17, 5.13J
1.31 [0.82, 2.11J
1.28 [0.81'2.03)

1.07 [0.91, 125)
1.15 [0.76, 1.75)
11.28 [0.6 3, 200.62J
1.11[0.85,1.44)

·

1.07 [0.93,1.22)

0.01
0.1
1
10
100
Favours less frequent Favours more frequent
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1.4 lnfusate colonization
less frequent
More frequent
Risk Ratio
Study or Subgroup
Events
Total Events
Total Weight M H Random 95% Cl
1.4.148 hours or more versus 24 hours
Buxton 1979
Covey 1988
deMoissac 1998
Gorbea 1984
Subtotal (95% Cl)

7
0
8
7

300
10
25
59
394

5
0
8
8

300
10
25
64
399

18.2%
36.1%
26.1%
80.4%

Risk Ratio
M-H' Random 95% Cl

1.40 [0.45, 4.36]
Not estimable
1.00 [0.45, 2.24)
0.95 [0.37, 2.46)
1.06 [0.62, 1.82]

--I t--

, -

...

Total events
22
21
Heterogeneity:Tau•= 0.00; Chi'= 0.31, df= 2 (P = 0.86);I'= 0%
Test for overall effect: Z= 0.22 (P = 0.83)
1.4.2 72 hours or more versus 48 hours
Josephson 1985
Luskin 1986
Mclane 1998
Subtotal (95% Cl)

1
2
0

82
39
38
159

1
0
0

91
40
38
169

3.1%
2.6%
5.7%

1.11 [0.07, 17.46]
5.13 [0.25,103.45)
Not estimable
2.23 [0.29,17.01]

Total events
3
1
Heterogeneity:Tau•= 0.00; Chi'= 0.55, df= 1 (P = 0.46);I'= 0%
Test for overall effect: Z= 0.77 (P = 0.44)
1.4.3 96 hours or more versus 72 hours
4

Raad 2001
Subtotal (95% Cl)

188
188

5

Total events
4
Heterogeneity:Not applicable
Test for overall effect: Z= 0.03 (P = 0.97)

5

240
240

13.9%
13.9%

Total (95% Cl)
741
808 100.0%
Total events
29
27
Heterogeneity:Tau•=
Chi'= 1.36 df= 5 P = 0.93 ·1•= 0%
Test for overall effect: Z= 0.39 (P = 0.70)
Test for subqroup differences: Chi'= 0.50, df= 2 (P = 0.78).1'= 0%

1.02 [0.28, 3 75]
1.02 [0.28,3.75]

...

1.10 [0.68, 1.79]

o.oo·

0.01
0.1
10
100
Favours less frequent Favours more freqwent

1.5 All-cause bloodstream infection
less frequent ttore frequent
Risk Ratio
Study or Subgroup
Events
Total Events
Total Weight M-H,Random, 95% Cl
1.5.148 hours or more versus 24 hours
Euxton 1979
Fox 1999
Gorbea 1984
Subtotal[95% Cl)

0
20
3

300
97
59
456

0
13
3

300
51
64
415

24.2 %
3.7 %
27.9%
1.48]

Not es:imable
0.81 (0.44,1.491
•.08 [0.23, 5.17)
0.84 [0.48,

Tntl P.VP.nt
?::1
1Fl
Heterogeneity:Tau•= 0.00; Chi'= 0.12, df= 1 (P = 0.73);I'= 0%
Test for o erall effect: Z= 0.60 (P = 0.55)

RiskRatio
M H,Random,95"Cl

-....

1-

1.5.2 72 hours or more versus 48 hours
Maki1987
Cnydman 1907

1
2

Subtotal[95% Cl)

248
65
313

239
105
344

5

1.2%
J.5%
4.6%

0.96 [0.06,15.32]
0.65 ]0.1J, J.2J]
0.71[0.18,2.88]

Total events
3
6
H•t•ruy•r •ity.T•u•= 0.00, Ctri"= 0.06, f= 1 (P = 0.81),I"= 0%
Test for o erall effect: Z= 0.47 (P = 0.64)

-

67.5%
67.5%

0.69 [0.48, 0.99]
0.69 [0.48,0.99]

:

Total (95% Cl)
1162
1135 100.0%
Total events
69
82
Heterogeneity:Tau•= 0.00; Chi'= 0.53, df= 4 (P = 0.97);I'= 0%
Test for o erall effect: Z= 2.08 (P = 0.04)
TP. tfnr uhnrnur liiffP.n=mr.P.· (';h 2 n ::lfi. lif=? (P n A4).12 0%

0.73 [0.54,0.98]

•

1.5.96 hUUIUIIIIUIVei U72 hUUI

Elight 1998
Subtotal[95% Cl)

43

393
393

60

43
Total events
Heterogeneity:Not applicable
Test for o erall effect: Z= 2.03 (P = 0.04)

60

=

376
376

=

=

0.01
0.1
Favours less frequent

10
100
Favours more frequent
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2 - Subgroup infusate: less versus more frequent

3 - Subgroup age: less versus more frequent
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4 -Subgroup access: less versus more frequent
4.1lnfusate-related bloodstream infection
less frequent More frequent
Risk Ratio
Study or Subgroup
Events
Total Events
Total Weight IV,Fixed,95% Cl
41
. .1 Arterial
Covey 1988
0
10
0
10
Not estimable
Luskin 1986
1
58
0
62
6.4% 3.20 [0.13, 77.10[
Mclane 1998
Not estimable
0
38
0
38
Subtotal(95% Cl)
106
110
6.4% 3.20
[0.13,n.10]
Total events
0
Heterogeneity: Not applic able
Test for overall effect: = 0.72 (P = 0.47)

Risk Ratio
IV,Fixed,95% Cl

z

41
. .2 Venous
deMoissac 1998
0
Fox 1999
10
Gorbea 1984
0
Josephson 1985
0
Maki 1987
0
Raad 2001
0
Sitges-Serra 1985
0
Snydman 1 987
0
Subtotal(95% Cl)
10
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1 .26 (P =

25
97
59
82
248
1 88
32
62

0
9
0
0
0
0
0
0

793

25
51
64
91
239
240
20
105
835

Not estimable

93.6%

0.58 [0.25, 1 .35[

93.6%

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
0.58 [0.25,1.35]

9
0.21)

Total(95% Cl)
945 100.0% 0.65 [0.29,1.46]
899
11
Total events
9
Heterogeneity: Chi'= 1.03, df= 1 (P = 0.31); I'= 3%
0.01
0.1
10
1 00
Test for overall effect: Z = 1.04 (P = 0.30)
Favours less frequent Favours more frequent
Test for subqroup differences: Chi'= 1 .03. df = 1 (P = 0.31). I'= 2.8%
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Appendix 7:Permission to reproduce Figure 22 Page 23
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Appendix 8:Permission to reproduce Figure 3.1 Page 48
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