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Abstract 

Background 

Parenteral nutrition (PN) is an intravenous (IV) therapy that provides all nutrients 

required when a patient requires supplementary feeding due to problems with the 

gastrointestinal tract. It may or may not contain intravenous fat emulsions (IVFE). PN 

needs to be administered via a large vein, through a central venous access device 

(CVAD), as the osmolarity of the infusate would damage smaller veins. PN is delivered 

as a continuous infusion through tubing called an intravenous administration set (IVAS) 

which connects to the CVAD. Although PN is a life-saving therapy, it can be associated 

with adverse events, particularly bloodstream infections (BSI) associated with the CVAD, 

which have a substantial morbidity and mortality impact. Infection control precautions for 

CVADs and IVASs used to deliver PN containing IVFE are more rigid than for solutions 

not containing IVFE. Guidelines recommend replacing the IVAS and bag containing PN 

with IVFE every 24 hours and that PN be administered on a dedicated lumen, whereas 

solutions not containing IVFE need to be replaced every four to seven days and infusions 

can be delivered simultaneously through the same lumen unless there are compatibility 

issues. It is recognised by the infection control, vascular access and PN guidelines that 

these recommendations for PN containing IVFE are based on low levels of evidence.  

Aims and objectives 

The overarching aim of this research was to assess the influence of PN on 

microorganism growth and infection risk in patients with a CVAD. There were three 

objectives to guide the three research phases: (1) to measure and compare the growth of 

microorganisms commonly associated with catheter-related infection (CRI) in a variety of 

PN and non-PN (control) solutions; (2) to develop a dynamic laboratory model of IVAS 

that simulated the clinical environment and investigated the effect of duration of IVAS 

use for PN containing IVFE on microorganism growth; and (3) to explore associations 

between PN containing IVFE and solutions not containing IVFE, CVAD and IVAS 

practices, and patient risk factors with CRI outcomes in a clinical population. 

Methods 

This research was guided by the Cancer Institute New South Wales (NSW) Model 

of Translational Research: a bench-to-bedside approach, which enabled a mixed methods 
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design to be employed to address the aims and objectives in the three phases using in 

vitro, ex vivo/simulation and secondary analysis of a large dataset from a randomised 

controlled trial (RCT).  

Two systematic reviews were undertaken, the first of which compared the rates of 

catheter-related bloodstream infections (CRBSIs) in patients with CVADs who received 

PN versus those who did not receive PN, and described the microorganisms that 

colonised the blood and CVADs in both groups. The second systematic review reported 

the comparative rates of CRBSI in patients with CVADs who received PN on a dedicated 

lumen compared to those who had PN administered through a multi-lumen CVAD.  

In Phase 1, laboratory experiments compared the growth of several microorganisms 

known to cause CRIs in a controlled environment in a variety of PN and non-PN 

solutions. In Phase 2, an IVAS laboratory simulation model was developed and tested to 

investigate the safety of extending the duration of IVAS use up to seven days. Finally, in 

Phase 3, a secondary analysis of a large dataset from an RCT involving 807 patients with 

CVADs in a tertiary hospital compared infection outcomes for the 180 (22%) patients 

who received PN containing IVFE with those who did not.  

Results 

Systematic reviews 

The first review concluded that the data published to date were not sufficient to 

establish whether patients who receive PN are more at risk of developing CRBSI than 

those who do not. The second review suggested that there was no difference in rates of 

CRBSI when PN is administered through a dedicated lumen or a multi-lumen catheter. 

The results of these systematic reviews critiqued and synthesised knowledge to date and 

confirmed that the topic warranted further investigation.  

Phase 1 

The Phase 1 results showed that the five microorganisms tested were able to 

replicate in nine out of the 10 solutions tested, which represented components and 

combinations of PN and non-PN control solutions. All microorganisms tested, except for 

Staphylococcus aureus, were non-viable in 50% glucose. Candida albicans has the 

potential to double in all the solutions tested within 24 hours, with the exception of 50% 

glucose, where cell death occurred within four hours, and 0.9% sodium chloride, where 

there was a 1.5-fold increase. C. albicans demonstrated a 30-fold growth increase in all-
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in-one PN when compared to the inoculum at 24 hours. Similarly, Synthamin with 

electrolytes showed a 20-fold growth at 24 hours. The observation that Synthamin with 

electrolytes and 50% glucose, which had a 9-fold increase, did not show similar growth 

supports the role that 50% glucose plays in inhibiting microorganism growth. In contrast 

to these findings, none of the species showed greater than a 2-fold growth over the 

inoculum when grown in all-in-one PN. However, for S. aureus, and Pseudomonas 

aeruginosa, 4-fold growth at 24 hours was observed in IVFE. Phase 1 confirmed that 

most IV solutions have the potential to support the growth of microorganisms after being 

contaminated, although, generally, the microorganisms tested reproduced more rapidly in 

all-in-one PN and IVFE. 

Phase 2 

As in Phase 1, the IVAS model developed in Phase 2 identified differences in the 

effect of PN containing IVFE and other IV solutions on microorganism growth. The 

IVAS model simulated seven days continuous administration of all-in-one PN, IVFE and 

0.9% sodium chloride. C. albicans was consistently recovered 48 hours after inoculation 

in both the all-in-one PN and IVFE experiments. C. albicans did not reproduce 

effectively in 0.9% sodium chloride in the IVAS model. S. aureus survived only in IVFE 

up to three days. S. epidermidis did not survive in the IVAS model in any fluid. These 

results suggest that this model is effective for investigating C. albicans touch 

contamination and can now be used to test the effect of different plastics, IVAS 

components or solutions on C. albicans survival in the setting. However, modification 

will be required to assess other microorganisms. In this study, we deliberately chose 

microorganism contamination rates that are likely to occur in hospitals. Clearly this was 

too low for consistent recovery. To be useable, the number of these bacteria used to seed 

the model for these organisms will need to be increased.    

Phase 3 

Of the 807 patients studied, three-quarters (589/807; 73%) were recruited from the 

haematology and haematopoietic stem cell transplant unit, followed by surgical (90/807; 

11%), trauma and burns (61/807; 8%), medical (44/807; 5%) and oncology (23/807; 3%). 

More primary BSIs occurred in the IVFE group (46/180; 26%) than in the no-IVFE group 

(98/627; 16%). However, when primary BSI was assigned as either a central line-

associated bloodstream infection (CLABSI) or a mucosal barrier injury laboratory-

confirmed bloodstream infection (MBI-LCBI), the incidence of CLABSI was similar in 
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IVFE and no-IVFE patient groups (15/180; 8% IVFE vs 57/627; 9% no-IVFE; p = 0.88). 

Expressed as rates per 1,000 CVAD days, this was 5.21 (no-IVFE) and 3.25 (IVFE) 

(incidence rate ratio [IRR] 0.62; 95% CI 0.33 to 1.12; p = 0.097). Kaplan-Meier curves 

showed survival from CLABSI was significantly superior in the IVFE group (log rank 

p = 0.011). The incidence of MBI-LCBI was significantly different between groups (7% 

no-IVFE; 17% IVFE, p < 0.001), occurring at 3.74 and 6.72 per 1,000 CVAD-days no-

IVFE and IVFE groups respectively (IRR 1.79; 95% CI 1.09 to 2.93; p = 0.016). Survival 

from MBI-LCBI was not significantly different between groups (log rank p = 0.614). 

Conclusion 

Phase 1 provided important data that established that most IV solutions, the 

exception being 50% glucose, have the potential to support the growth of microorganisms 

after being contaminated, although, generally, the microorganisms tested reproduced 

more rapidly in all-in-one PN and IVFE. Phase 2 developed an IVAS model that 

simulated seven days continuous administration of all-in-one PN, IVFE and 0.9% sodium 

chloride. As with the results of Phase 1, C. albicans was consistently recovered after 

inoculation in both the all-in-one PN and IVFE experiments. None of the microorganisms 

reproduced effectively in 0.9% sodium chloride in the IVAS model. This finding supports 

daily IVAS replacement for PN containing IVFE as recommended by clinical practice 

guidelines. However, less than 2% (3/180) of positive blood cultures in Phase 3 were 

caused by Candida. Additionally, the Phase 3 findings provide compelling and previously 

unrecognised evidence that patients receiving PN containing IVFE are not at increased 

risk of CLABSI compared to patients not receiving PN. In fact, once MBI-LCBI cases 

were removed and survival analysis was performed, CLABSI was significantly lower in 

the PN containing IVFE group. This finding is incongruent with previous research 

suggesting PN is an independent risk factor for CRIs.  

This study classified primary BSIs as either CLABSI or MBI-LCBI. This research 

is the first to explore the effect of the MBI-LCBI classification by grouping patients into 

those who received PN containing IVFE and those who did not. This thesis has made an 

important contribution in uncovering and understanding the role of haematogenous 

seeding from the gastrointestinal tract in the pathogenesis of CRI in patients receiving PN 

containing IVFE.  
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A note regarding format 
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published manuscripts. A further (fourth) paper has been prepared for publication. The 

logical flow of the thesis is maintained by introducing these manuscripts where they fit 

most appropriately into the thesis structure. All manuscripts have been formatted using 

American Psychological Association referencing style and reconfigured to provide 

consistent formatting throughout the thesis, except United States spellings in the 

published manuscript chapters. Moreover, a continuous numbering system was applied to 
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Chapter 1: Introduction 

1.1 INTRODUCTION 

Parenteral nutrition (PN) therapy is designed to supply nutritional needs via the 

intravenous (IV) route for patients who cannot obtain sufficient nutrition orally. This 

therapy has a high side effect profile, including serious infection. This study investigated 

the effect of PN on microbial growth in intravenous administration sets (IVAS) and its 

influence on catheter-related infections (CRI) in adult in-patients with a central venous 

access device (CVAD). This chapter provides the background and context to this research 

study, outlines the aim and objectives, significance, research design and research 

questions, and defines terms used in this thesis.  

1.2 BACKGROUND 

1.2.1 Parenteral nutrition 

PN supplies all nutritional needs of the body intravenously, bypassing the digestive 

system, thereby preventing malnutrition in patients unable to be fed via the 

gastrointestinal tract. A patient’s PN prescription is based upon their individual nutritional 

requirements. PN is composed of any or all of amino acids, glucose, fat emulsion, 

minerals and vitamins. It can be administered either as an all-in-one preparation or in its 

component parts. For the purposes of this document, the term all-in-one PN will refer to 

the manufacturer-prepared three-chamber bag and the term PN containing intravenous fat 

emulsions (IVFE) may refer to either all-in-one PN or IVFE alone. The term PN will be 

used as the generic term for all or any PN solutions. The terms non-PN and no-IVFE will 

be used to describe the control group in the systematic reviews and the research phases.  

Patients may require PN for short- or longer-term nutritional support. Acutely 

unwell patients, such as those in the intensive care unit or undergoing major surgery, may 

require PN to ensure delivery of essential nutrition and hydration during the acute phase 

of their illness, affecting their ultimate recovery and survival. For patients with chronic 

intestinal failure, PN is a lifelong therapy. PN is also advocated for cancer patients 

expected to have inadequate oral nutrition for seven to 10 days (Blijlevens, Donnelly, & 

De Pauw, 2000). In this population, chemotherapy and radiation target rapidly dividing 

cells, which can cause inflammation and ulceration throughout the digestive tract known 
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as mucositis, meaning patients are unable to swallow and need their medications and 

nutrition administered parenterally, via the veins. PN is recommended in this group as 

their mucosal barrier injury prevents adequate nutrition via the gastrointestinal tract 

(Blijlevens et al., 2000).  

PN administration is not without potential for complications. Careful monitoring is 

required by a registered dietician and the multidisciplinary team to prevent electrolyte 

imbalances, hyperglycaemia, hyperlipidaemia and liver dysfunction, and to minimise the 

risk of complications from CVAD insertion. PN is generally infused through a CVAD 

due to its hyperosmolarity, which can cause phlebitis and extravasation if delivered 

through peripheral veins (Freund & Rimon, 1990; Mirtallo et al., 2004).  

1.2.2 Central venous access devices 

A CVAD is a hollow tube inserted into a central vein. The tubing that sits outside 

the body allows an IVAS or syringe to be attached to administer IV medications, fluids 

and blood products. A CVAD can also be used to collect blood samples. CVADs can be 

percutaneous (tunnelled or non-tunnelled) or totally implanted and can have single or 

multiple lumens (a hollow tube via which an IVAS can be attached). Multiple lumens 

allow compatible medications to be infused concurrently. CVADs can be manufactured 

with antimicrobial or antithrombotic materials or have additional design features, such as 

valves, to reduce the risk of infection and thrombosis. Despite the variation in CVADs, 

their common attribute is the tip placement. The distal tip of the CVAD should be placed 

in the superior vena cava at the junction of the right atrium (Camp-Sorrell, 2011). For the 

purposes of this PhD, the term CVAD can mean any or all types of CVAD.  

CVADs are inserted when a patient requires venous access over an extended period. 

They are commonly used in patients admitted to intensive care units and patients 

diagnosed with oncological and haematological malignancies and other chronic health 

problems. Worldwide, millions of CVADs are used across in-patient and out-patient 

settings to provide supportive and interventional therapies during acute and chronic 

illness (de Jonge, Polderman, & Gemke, 2005; Kornbau, Lee, Hughes, & Firstenberg, 

2015). Annually it is estimated that three million CVADs are inserted in the United States 

(The Joint Commission, 2012), 250,000 in the United Kingdom (Edgeworth, 2009) and 

26,500 in Queensland, Australia (Tuffaha et al., 2018).  
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Once a CVAD has been inserted, device maintenance and the administration of IV 

fluids and medications are primarily the responsibility of nurses (Dougherty, 2006). The 

duration and functionality of a CVAD is contingent upon avoiding mechanical and 

infective complications (Schiffer et al., 2013). Although access to the central venous 

system has facilitated significant advances in modern healthcare treatments, it is not 

without risks. Infection is the most significant risk and may be related to insertion or 

maintenance practices, as well as the physical disruption of the skin barrier to the 

environment. 

1.2.3 Catheter-related infection 

Catheter-related infection (CRI) is a broad term used to describe infections linked to 

vascular access devices, both central and peripheral. CRI risk must be considered when 

inserting and managing CVADs, as their use can increase morbidity, mortality and length 

of stay (Cahill & Benotti, 1991; Freund & Rimon, 1990; Safdar & Maki, 2004; Yeung, 

Lee, Huang, & Wang, 1998). CRI incidence is reported in the literature as occurring in 

1% to 80% of CVADs, varying with CVAD type, patient factors and the definition used 

(Cahill & Benotti, 1991; Freund & Rimon, 1990; Machado, Suen, de Castro Figueiredo, 

& Marchini, 2009; Opilla, 2008; Tomlinson et al., 2011; Turpin et al., 2012; Walshe et 

al., 2012; Yeung et al., 1998).  

CRI can be categorised as catheter-related local infection, catheter-tip colonisation, 

central line-associated bloodstream infection (CLABSI) and/or catheter-related 

bloodstream infection (CRBSI). The terms CRBSI and CLABSI are often used 

interchangeably but are in fact different (Association for Professionals in Infection 

Control and Epidemiology, 2009). CRBSI—a clinical definition used for diagnosis and 

treatment—requires the same microorganism to be isolated from peripheral blood and the 

CVAD tip or from two centrally drawn blood samples that meet the differential time to 

positivity (DTP) criteria (Bell & O'Grady, 2017). However, in some countries, the 

practice of culturing CVAD tips is sporadic or not done. In contrast, CLABSI is a 

laboratory-confirmed bloodstream infection (LCBI) in a patient who had a CVAD within 

48 hours prior to the development of the bloodstream infection (BSI) that is not related to 

an infection at another site (Bell & O'Grady, 2017; Centers for Disease Control and 

Prevention, 2018b). The term CLABSI is used for surveillance purposes (Tomlinson et 

al., 2011).  
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Despite recognising the serious risks CRIs pose and largely successful efforts to 

minimise these, CRIs persist in significant numbers, particularly in vulnerable 

populations. An estimated 43,000 CLABSIs were diagnosed in the intensive care unit 

population in the United States in 2009 (Srinivasan et al., 2011) and approximately 4,000 

in intensive care units each year in Australia (Entesari-Tatafi, 2015). Each CLABSI can 

increase hospital length of stay by up to three weeks and thereby increase the cost of 

healthcare (Blot et al., 2005; Edgeworth, 2009; Higuera et al., 2007; Pittet, Tarara, & 

Wenzel, 1994; Rosenthal, Guzman, Migone, & Crnich, 2003; Warren et al., 2006). Each 

CLABSI is estimated to cost the healthcare system US$16,550 (Srinivasan et al., 2011).  

1.2.4 Pathogenesis of catheter-related infection 

Microorganisms may gain access to the intravascular compartment by five routes 

(Elliott, 1988).  

(1) Impaction at time of insertion—microorganisms present on the skin can be impacted 

onto the distal surface of the CVAD tip during insertion, due to non-aseptic technique 

or contamination of the sterile field.  

(2) Extraluminal—microorganisms can gain access to CVADs via the extraluminal route, 

that is, along the outside surface of the device. These microorganisms are usually 

derived from the patient’s own skin microflora.  

(3) Intraluminal—microorganisms have been shown to colonise the internal surfaces of 

CVAD hubs and luer connectors (Tebbs, Ghose, & Elliott, 1996). This can occur 

when health professionals use poor technique to connect a CVAD to an IVAS for 

administration of fluids, resulting in internal microbial contamination followed by 

intraluminal migration of microorganisms to the blood.  

(4) Contamination of fluids and drugs—infusates may be contaminated during 

manufacturing or when manipulating IVAS or preparing IV medications. 

(5) Haematogenous seeding—microorganisms can spread through the bloodstream from a 

distal infection site, and result in microorganisms gaining access to the surface of the 

CVAD.  

These five routes are illustrated in Figure 1-1: Potential sources of microorganisms 

causing CRI.  
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Figure 1-1 Potential sources of microorganisms causing CRI (Elliott, 1988, p. 163).  

Republished with permission of the Microbiology Society, from Intravascular-device infections, Elliott TSJ, volume 27, issue 3; 

permission conveyed through Copyright Clearance Center, Inc. (see Appendix A). 
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1.2.5 Parenteral nutrition and risk of catheter-related infection 

Historically, PN has been perceived to increase the risk of CRI, likely due to its 

high glucose and fat content seeming to provide an optimal environment for microbial 

growth and thus to be more likely to promote intraluminal colonisation and fluid 

contamination. Many studies have observed higher incidence of CRI in patients receiving 

PN.1 Traditionally, CVADs used for PN delivery and the associated IVAS have had their 

own unique insertion and management policies because of the perceived greater infection 

risk of PN and, in particular, its fat emulsion content (Stewart, Mason, Smith, Protopapa, 

& Mason, 2012). For example, infusion time of PN containing IVFE is limited to 24 

hours to reduce the risk of microorganism contamination and growth (Infusion Nurses 

Society, 2016). However, the evidence for such practices has been limited.  

PN is reserved for the sickest patients with altered metabolic requirements in 

hospitals and communities. Therefore, this selection bias must be considered when 

analysing studies that report CRI in patients receiving PN or compare patients receiving 

PN with those who did not receive PN. Furthermore, malnourished patients are at 

increased risk of developing infections. However, recent work in this area indicates that 

the increased CRI risk in patients could be due in part to translocation of microorganisms 

from the gastrointestinal tract (Dandoy et al., 2016; Epstein, See, Edwards, Magill, & 

Thompson, 2016; Metzger et al., 2015; See et al., 2013).  

The problem of distinguishing BSIs related to CVADs from those occurring 

through other mechanisms has been recognised by the Centers for Disease Control and 

Prevention (CDC) National Healthcare Safety Network (NHSN). In 2013, it developed a 

new primary BSI classification called mucosal barrier injury laboratory confirmed 

bloodstream infection (MBI-LCBI) (See et al., 2013). It was a noted concern that cancer 

patients with profound neutropaenia, or those with graft versus host disease of the 

gastrointestinal tract, were misclassified as having a CLABSI without this alternate 

classification (See et al., 2013) and many of these patients would also have received PN. 

As it is now recognised that some BSIs in these patients do not result from the presence 

                                                 
1 Cahill & Benotti (1991); Curry & Quie (1971); de Cicco et al. (1989); Dillon, Schaffner, Van Way, & 
Meng (1973); Failla, Benedict, & Weinberg (1975); Forchielli et al. (2000); Freund & Rimon (1990); 
Goldmann & Maki (1973); Goldmann, Martin, & Worthington (1973); Hansell et al. (1986); Horowitz, 
Dworkin, Savino, Byrne, & Pecora (1990); Jarvis, Highsmith, Allen, & Haley (1983); Kemp et al. (1994); 
Machado et al. (2009); Marra, Opilla, Edmond, & Kirby (2007); Moro, Maffei, Manso et al. (1990); 
Murphy & Lipman (1987); Opilla (2008); Palmblad (1991); Pontes-Arruda et al. (2012); Robathan, 
Woodeger, & Merante (1995); Ryan et al. (1974); Turpin et al. (2012); Walshe et al. (2010); Walshe, 
Boner, Bourke, Hone, & Phelan, 2010; Walshe et al. (2012); Williams (1985); Yeung et al. (1998). 
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of their CVAD but, rather, from translocation of microorganisms though non-intact 

mucosa, it is timely to re-examine the infection risk inherent in PN treatment in cancer 

patients. In all patients, the inherent risk of PN—as opposed to the other risk factors for 

CRI—in patients with CVADs needs further scrutiny. Distinguishing BSI related to 

CVADs from those that occur through other mechanisms will facilitate BSI prevention 

efforts and improve reliability of benchmarking comparisons of CLABSI. This, in turn, 

will allow for more accurate BSI classification, treatment and management in this 

vulnerable population to reduce unnecessary CVAD removal and replacement, improve 

antimicrobial stewardship and, consequently, reduce healthcare costs. 

1.2.6 Intravenous administration set practices for parenteral nutrition and evidence 
gaps 

Continuous delivery of IV therapy via the CVAD (any type) is made possible by an 

IVAS, which comprises plastic tubing that connects the infusion bag to the patient (as 

well as the infusion bag itself and any additional components, such as burettes and 

extension tubing). PN administration through an IVAS is controlled by an electronic 

pump.  

Clinical practice guidelines recommend replacing IVAS used for continuous 

infusions no sooner than every four days, and this includes IVAS for PN that only 

contains glucose and/or amino acids (Infusion Nurses Society, 2016; Loveday et al., 

2014; O'Grady et al., 2011). Recommendations do not apply to IVAS used for lipid-based 

solutions (e.g., propofol), or for chemotherapy, blood products, IVFE or PN containing 

IVFE. In contrast, guidelines recommend replacing IVAS for PN containing IVFE every 

24 hours (Ayers et al., 2014; Camp-Sorrell, 2011; Infusion Nurses Society, 2016; 

Loveday et al., 2014; O'Grady et al., 2011; Pittiruti et al., 2009). These recommendations 

are based on non-analytical studies (e.g., uncontrolled before–after studies, case reports 

and case series) and expert opinion.  

Clinical practice guidelines for the requirement for a dedicated lumen for PN are 

inconsistent. The epic3 guidelines recommend the use of a single-lumen CVAD to 

administer PN containing IVFE (Loveday et al., 2014). The American and European 

Societies for Parenteral and Enteral Nutrition recommend the use of a single-lumen 

CVAD unless a multiple-lumen is required, and then one lumen should be dedicated for 

the administration of PN (Ayers et al., 2014). The CDC Guidelines for the Prevention of 

Intravascular Catheter-Related Infections, updated in 2011, state that “no 
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recommendation can be made regarding the use of a designated lumen for PN” and that 

the practice is an “unresolved issue” (O'Grady et al., 2011). The Infusion Nurses Society 

and Oncology Nurses Society do not make any recommendations (Camp-Sorrell, 2011; 

Infusion Nurses Society, 2016).  

1.3 CLINICAL PROBLEM 

There is inadequate evidence regarding CRI risk associated with PN containing 

IVFE infused through CVADs. This, in turn, prevents an understanding of which nursing 

interventions are necessary to prevent or mitigate this risk. More frequent replacement of 

IVAS for PN containing IVFE necessitates handling of the IVAS close to the CVAD hub. 

If hand hygiene and decontamination of needleless connectors is poor, there is a potential 

for microorganisms to be introduced during these frequent replacements, which could 

cause intraluminal colonisation leading to CLABSI or CRBSI.  

The clinical practice guideline recommendations for a dedicated lumen pose 

logistical challenges to the nursing management of patients with multiple IVAS and a 

complex drug regimen, where a single lumen may be difficult to dedicate to PN alone. 

Clinicians must optimise available venous access to ensure appropriate and timely 

administration of treatment prior to inserting additional devices (Robinson & Sawyer, 

2009) and may not always adhere to guidelines for PN to be administered on a dedicated 

lumen. Multiple lumen extension sets are connected to the IVAS to allow compatible 

medications to be infused concurrently with the PN through the same lumen.  

These clinical dilemmas are the basis for this PhD research, seeking clarification of 

the actual effect of PN containing IVFE on infection risk—that is, on microbial growth, 

CRBSI, CLABSI and MBI-LCBI. This study was undertaken to examine whether patients 

receiving PN containing IVFE are indeed at higher risk of developing a CRI than those 

who do not receive IVFE, and to critique the current practice of more frequent IVAS 

replacement for PN containing IVFE to prevent CRI. 

1.4 RESEARCH DESIGN 

1.4.1 Aim and objectives 

The overarching aim of this research was to assess the influence of PN on 

microorganism growth and infection risk in patients with CVADs. There were three 

objectives to guide the doctoral research  
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(1) to measure and compare the growth of microorganisms commonly associated with 

CRI in a variety of PN and non-PN (control) solutions; 

(2) to develop a dynamic laboratory model of IVAS that simulates the clinical 

environment and investigate the effect of duration of IVAS use for PN containing 

IVFE on microorganism growth; and  

(3) to explore the association between PN containing IVFE and solutions not containing 

IVFE, CVAD and IVAS practices, and patient risk factors with CRI outcomes. 

1.4.2 Research questions 

There were three research questions:  

Research Question 1 

What is the effect of PN, all components and combinations, compared to other IV 

fluids on microbial growth? This research question was addressed by Phases 1, 2 and 3.  

Research Question 2 

Is more frequent IVAS replacement necessary for PN containing IVFE, compared 

to other IV solutions? This research question was addressed by Phases 2 and 3.  

Research Question 3 

What is the influence of PN containing IVFE on CRI in patients with CVADs? This 

research question was addressed by Phase 3.  

1.4.3 Research methods 

This was a 3-phase, mixed methods study using in vitro, ex vivo/simulation and 

secondary analysis of a large dataset from a randomised controlled trial (RCT). The 

research was conducted within an adaptation of the Cancer Institute New South Wales 

(NSW) Model of Translational Research (Cancer Institute NSW, 2012; New South Wales 

Ministry of Health, 2012; Westfall, Mold, & Fagnan, 2007) and the CVAD-Microbe 

Interaction and Adverse Patient Outcomes Model, discussed in detail in Chapter 4.  

This doctoral research took a bench-to-bedside approach to examine the microbial 

growth in PN containing IVFE. Initially, laboratory experiments compared the growth of 

microorganisms known to cause CRIs in a controlled environment in a variety of PN and 

IV solutions (Phase 1), and in an IVAS model over a period of seven days (Phase 2). 

Finally, a secondary analysis of a large dataset from an RCT involving 807 patients from 
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a tertiary hospital compared infection outcomes for patients who received PN containing 

IVFE and those who did not (Phase 3).  

1.5 SIGNIFICANCE 

The impact of CRIs is far-reaching in our healthcare system. As highlighted earlier 

in this chapter, CRI is associated with increased mortality, morbidity and length of stay, 

which affects not only hospital budgets but also patients and their quality of life. It is 

imperative that infections are prevented. Infection prevention practices need to be 

examined intermittently to ensure that practice remains evidence-based.  

This research addressed the lack of current evidence that leads to IVAS and CVADs 

being removed prematurely due to suspected CRI, hence wasting financial resources and 

clinicians’ time and causing patient dissatisfaction. The new primary BSI classification, 

MBI-LCBI, has not previously been applied to groups of patients who are receiving PN 

containing IVFE and patients who are not. If less frequent IVAS replacement for PN 

containing IVFE is safe and does not increase infection risk, prolonging the time before 

replacement of the IVAS for PN containing IVFE in line with the glucose and amino acid 

IVAS could be considered.  

Such a change in practice (to synchronise IVAS for PN containing IVFE 

replacement timeframes with those of other IVAS) has the potential to reduce healthcare 

costs. In 2015, a 500 mL bag of fat emulsion cost AU$296.71, and a 1 L bag of all-in-one 

PN AU$123.95 (based on 2015 purchase costs from Queensland Health). Currently, with 

24-hour routine IVAS replacement for PN containing IVFE, the unused contents of the 

bag are discarded. One IVAS costs $8.25 and is changed with each daily bag replacement 

(based on 2015 purchase costs from Queensland Health). Additionally, nursing time 

would be saved if IVAS were not replaced daily. Furthermore, less manipulation of the 

CVAD hub and IVAS may reduce the likelihood of microorganisms entering the sterile, 

closed CVAD system, which has direct access to the bloodstream, thus reducing CRI risk.  

This work informs nursing practices undertaken daily in hospitals to prevent 

infection. CRIs have a negative impact for patients and the healthcare service. Therefore, 

research into infection prevention for patients with CVADs, and especially those 

receiving PN containing IVFE, is potentially highly significant. The findings from this 

research have the potential to provide vital new understandings of microbial growth in PN 

and control solutions and how this influences the incidence of CRI in patients receiving 

PN. In addition, this is the first time a dynamic laboratory IVAS model has been 
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developed to examine the growth of pathogens commonly associated with CRI in all the 

individual components of PN, PN containing IVFE, and no-IVFE solutions. The model 

enabled experiments that simulated healthcare worker touch contamination that could not 

be undertaken with patients. The research provides data that contextualises the 

microbiological flora in a patient setting (oncology and haematology), the risks associated 

with PN containing IVFE, and its impact upon CRI. The results of this research provide a 

unique contribution to the literature. This doctoral research will inform the development 

of a pilot randomised controlled trial in the postdoctoral period to inform international 

evidence-based clinical practice guidelines.  

1.6 THESIS OUTLINE 

This thesis consists of seven chapters plus appendices.  

Chapter 1 has introduced the background, scope of the clinical problem, the 

research aim and objectives, questions, design, significance of this study and thesis 

structure.  

Chapter 2 is a systematic literature review of observational studies to describe the 

comparative rates of CRBSI in patients with CVADs who received PN and those who did 

not. This chapter comprises an introduction, a manuscript that has been published in the 

Journal of Parenteral and Enteral Nutrition, and a chapter summary.  

Chapter 3 contains a systematic literature review and appraisal of evidence for the 

delivery of PN on a dedicated CVAD lumen, compared to PN delivered on a multi-use 

lumen. This chapter comprises an introduction, a manuscript that has been published in 

the Journal of Infusion Nursing, and a chapter summary.  

Chapter 4 outlines the research methods for this study. It presents the research 

questions, hypotheses and the three research phases. It describes the methodological and 

conceptual models and how these informed the three phases of the study. It outlines the 

research design, which includes the microbiological strains, method and data collection, 

data analysis and ethical considerations for Phases 1 and 2. Then for Phase 3, the setting, 

sampling framework, data collection in the parent trial and the secondary analysis of the 

RCT, as well as CVAD insertion and maintenance, IVAS for IVFE and no-IVFE 

maintenance, care when patients developed a temperature greater than 38ºC, CVAD 

removal, outcome measures and definitions, data management, data analysis, validity, 
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reliability and ethical considerations are outlined. This chapter concludes with a 

summary.  

Chapter 5 presents the results of the Phase 1 and 2 laboratory studies. This chapter 

comprises an introduction, a manuscript that has been published in the Journal of 

Parenteral and Enteral Nutrition, and a chapter summary.  

Chapter 6 presents the results of the secondary data analysis undertaken in Phase 3. 

This chapter comprises an introduction, a manuscript to be submitted to the Journal of 

Parenteral and Enteral Nutrition, and a chapter summary.  

Chapter 7 outlines the contribution made by the research as a whole and how this 

has addressed the research questions. It includes a discussion of the contribution to 

knowledge and the theoretical implications of this research. Limitations of the thesis are 

stated. Recommendations stemming from the results, as relating to healthcare policy, 

clinical practice and future research are proffered. A dissemination plan for the research 

findings is presented, and conclusions for the thesis are drawn.  

1.7 CONCLUSION 

Contemporary healthcare is unthinkable without CVADs for the management of 

acutely and chronically ill patients cared for in hospitals and the community. CVADs 

enable healthcare workers and patients to administer essential treatments, IV fluids and 

medications. However, CVADs have the potential to be associated with serious CRIs, 

both for patients receiving PN and for patients whose CVAD is for other therapy. The 

findings from this research provide an improved understanding of the pathogenesis of 

CRI in patients receiving PN and whether or not different infection risks exist for patients 

receiving PN compared to other patients. This addresses an area of historically perceived 

heightened risk and consequent nursing interventions for frequency of IVAS replacement 

and IVAS configurations for PN containing IVFE that are based on minimal evidence. 

This research provides new data to address a clinically relevant problem and provides a 

platform for evidence-based nursing practices that improve patient outcomes while 

containing costs.  

1.8 SUMMARY 

This chapter has introduced the concepts of PN, CVADs, IVAS and CRIs and 

highlighted the importance of CVADs and IVAS in the delivery of PN. The different 
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classifications of CRI have been discussed, and the perceived and actual infective 

complications that can interrupt patient treatment have been outlined. Clinical practice for 

IVAS for PN containing IVFE and the requirement of a dedicated lumen, along with the 

gaps in the evidence, have been summarised. The clinical problem and how it has been 

approached within the scope of this research, including its significance, has been 

presented. Finally, the thesis outline has been described. The next chapter, Chapter 2, will 

systematically review the literature reporting CRBSI in patients receiving PN compared 

to those who do not receive PN, an important stage which informs the subsequent 

research. 
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2.2 CHAPTER INTRODUCTION 

This literature review chapter comprises a published systematic review. The first 

systematic review in this thesis involved a critical examination of observational studies 

that compared patients who received parenteral nutrition (PN) with those who did not 

receive PN for the outcome of catheter-related bloodstream infection (CRBSI). This 

systematic review was undertaken to quantify the link between PN and CRSBI, and to 

inform the subsequent research phases of this doctoral work.  
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2.3 PUBLICATION I 

2.3.1 Does parenteral nutrition increase the risk of vascular catheter-related 
bloodstream infection? A systematic literature review. 

2.3.2 Abstract 

Background 

Central venous access devices (CVADs) are used for parenteral nutrition (PN) 

delivery. We systematically reviewed research-based publications that reported 

comparative rates of catheter-related bloodstream infections (CRBSIs) in patients with 

CVADs who received PN versus those who did not receive PN therapy. 

Materials and Methods 

The literature search included the Cochrane Library, MEDLINE, CINAHL and 

PubMed up to July 14, 2015 to identify studies that compared patients with a CVAD who 

did and did not have PN therapy.  

Results 

Eleven observational studies were identified, comprising 2,854 participants with 

6,287 CVADs. Six studies produced significant results in favour of non-PN, four studies 

showed no evidence of a difference between PN and non-PN and one study produced 

significant results in favour of PN when analyzed per patient with multiple CVADs. 

Incidence ranged from 0 to 6.6 CRBSIs per 1,000 CVAD days in the PN patients, and 

0.39 to 3.6 CRBSIs per 1,000 CVAD days in the non-PN patients. The Cochrane risk of 

bias assessment tool for nonrandomised studies of interventions was used. Eight studies 

were rated as moderate risk of bias, two as serious and one as critical. 

Conclusion 

The data presented in this systematic review are not sufficient to establish whether 

patients receiving PN are more at risk of developing CRBSI than those who do not. 

Future PN studies need to adjust for baseline imbalances and improve quality and 

reporting.  

2.3.3 Keywords 

Catheterization, Central Venous; Catheter-Related Infections; Central Venous 

Catheters; Parenteral Nutrition; Review, Systematic; Vascular Access Devices.  
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2.3.4 Introduction 

Parenteral nutrition (PN) has been an accepted treatment for patients in hospital and 

at home since landmark studies demonstrated that long-term PN resulted in infant growth 

and weight gain, as well as healing in adults with chronic complicated gastrointestinal 

disease (Dudrick, Wilmore, Vars, & Rhoads, 1968; Wilmore & Dudrick, 1968). Patients 

are prescribed PN if they are unable to eat or tolerate enteral feeding due to problems with 

absorption through the GI tract, GI surgery, or owing to the side effects of chemotherapy 

and radiation treatments. PN supplies all the nutritional needs of the body intravenously, 

by-passing the digestive system. PN is generally infused through a central venous access 

device (CVAD) due to the hyperosmolarity of the solution, which can cause phlebitis and 

extravasation in peripheral veins (Freund & Rimon, 1990; Pittiruti et al., 2009).  

Catheter-related bloodstream infections (CRBSIs) are a risk factor to be considered 

when inserting and managing any CVAD as they can increase morbidity, mortality, 

length of stay, and healthcare costs (Cahill & Benotti, 1991; Freund & Rimon, 1990; 

Safdar & Maki, 2004; Yeung et al., 1998). The incidence of CRBSI reported in the 

literature can be up to 80% dependent upon the type of CVAD, patient risk factors and 

the definition used (Machado et al., 2009; Opilla, 2008; Tomlinson et al., 2011; Turpin et 

al., 2012; Walshe et al., 2012). PN is historically considered to be an additional risk factor 

for CRBSI (Cahill & Benotti, 1991; Freund & Rimon, 1990; Goldmann & Maki, 1973; 

Machado et al., 2009; Marra et al., 2007; Opilla, 2008; Pontes-Arruda et al., 2012; Turpin 

et al., 2012). This may be due to the many patient factors and metabolic responses to 

receiving PN that may predispose patients to infection. Traditionally, CVADs used for 

PN delivery and the intravenous (IV) administration sets have had their own unique care 

and management given the perceived higher infection risk related to the lipid content of 

PN (Stewart et al., 2012). The European Society for Parenteral and Enteral Nutrition 

Guidelines on Parenteral Nutrition (Pittiruti et al., 2009) and the National Health Service 

epic3 guidelines (Loveday et al., 2014) recommend using single-lumen CVADs for the 

administration of PN or lipid-based solutions, if possible. Single-lumen CVADs are 

generally placed in patients with uncomplicated care and therefore lead to fewer CRBSIs, 

which could be interpreted as less risk. The aim of this article was to systematically 

review research-based publications that reported comparative rates of CRBSIs in patients 

with CVADs who received PN vs those who did not receive PN therapy. This systematic 

review is the first step to understanding long-standing clinical questions about PN and 
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CRBSIs. This review will identify the gaps in our knowledge, provide implications for 

practice, and inform the direction of future research. 

2.3.5 Methods 

Protocol registration 

The protocol was registered prospectively with the international prospective register 

of systematic reviews (PROSPERO) as CRD42015016438 at 

http://www.crd.york.ac.uk/PROSPERO/.  

Search strategy 

Four electronic databases (Cochrane Library, MEDLINE, CINAHL and PubMed), 

from when records were available until July 14, 2015, were screened for research studies 

focusing on CRBSIs in patients receiving PN through a CVAD. The following search 

string was used for MEDLINE and amended for each database accordingly: (MH 

"Parenteral Nutrition, Home+") OR (MH "Parenteral Nutrition+") OR (MH "Parenteral 

Nutrition, Total+") OR (MH "Parenteral Nutrition, Home Total") OR (MH "Infusions, 

Parenteral+") OR (MH "Parenteral Nutrition Solutions+") OR AB "parenteral nutrition" 

OR AB parenteral N5 feed OR AB parenteral N5 hyperalimentation AND (MH 

"Catheterization, Central Venous") OR (MH "Central Venous Catheters") OR (MH 

"Vascular Access Devices+") OR AB “Central venous catheters” OR AB “Vascular 

access devices“ OR AB central N5 venous OR AB vascular N5 device AND (MH 

"Catheter-Related Infections") OR (MH "Bacteremia+") OR (MH "Fungemia+") OR 

(MH "Candidemia") OR (MH "Sepsis+") OR (MH "Systemic Inflammatory Response 

Syndrome+") OR (MH "Infection+") OR (MH "Cross Infection+") OR AB “Catheter 

related infections” OR AB “Bacteremia” OR AB “Fungemia” OR AB “Sepsis” OR AB 

“Infection” OR AB Catheter N5 infection OR AB Catheter N5 blood N5 infection OR 

AB Catheter N5 coloni?ation. (N5 is an adjacency operator which searches for terms near 

each other). Search results were imported into EndNote X7 and duplicates removed. First, 

titles and abstracts were screened by two authors independently (N.G. and E.B.). 

Thereafter, the full-text manuscripts were read and details extracted. The reference lists of 

relevant publications were searched for additional studies not identified by the methods 

outlined. There were no limitations placed on the age of the patients, the location 

(hospital or home population) where the parenteral nutrition was administered, the study 

method, or the language or year of the publication. Authors were not contacted for 

additional information. 
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Inclusion criteria 

The criteria used for selection of studies were based on participants, interventions, 

contexts, outcome measures, and types of study as outlined below. Adult or pediatric 

patients with a CVAD for infusion therapy in any healthcare setting (hospital or 

community) were included. This review considered studies that compared patients with a 

CVAD who did and did not have PN therapy (e.g., patients who had enteral nutrition but 

also had a CVAD). CRBSI was the primary outcome. The secondary outcomes were 

CVAD microbial colonization and identification of clinical isolates (as reported on the 

blood culture reports). Data needed to be extracted for the primary outcome (CRBSI) and 

by patient (preferably) or by CVAD as the denominator.  

This review initially considered any meta-analysis or randomized controlled trials 

(RCTs). In the absence of a significant number of meta-analyses and RCTs, other 

research designs of a quantitative nature, such as non-RCTs, before and after studies, and 

prospective or retrospective cohort studies were included. 

Exclusion criteria 

Studies with patients with PN infusing through a peripheral venous catheter were 

excluded. It is not standard practice to infuse PN though a peripheral vein due to the risk 

of extravasation and phlebitis (Freund & Rimon, 1990; Mirtallo et al., 2004; Pittiruti et 

al., 2009) and the risk of CRBSI is different in peripheral venous catheters compared with 

CVADs (Maki, Kluger, & Crnich, 2006) 

2.3.6 Methodological risk of bias 

Two authors independently assessed risk of bias (N.G. and E.B.).  

The Cochrane risk of bias assessment tool for nonrandomized studies of 

interventions (ACROBAT-NRSI) (Sterne, Higgins, & Reeves, 2014) was used to assess 

the following domains as low, moderate, serious, critical and no information: 

(1) Bias due to confounding 

(2) Bias in selection of participation 

(3) Bias in measurement of interventions 

(4) Bias due to departures from intended interventions 

(5) Bias due to missing data 
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(6) Bias in measurements of outcomes 

(7) Bias in selection of the reported result. 

2.3.7 Data extraction 

Two authors independently extracted data using a template (N.G. and E.B.). The 

following data were extracted from each of the included publications:  

(1) Baseline characteristics of PN and non-PN group participants including the number of 

participants, age, sex, disease, treatment, reason for insertion, profession of inserter 

(physician, radiographer or nurse), anatomical location of insertion, type of CVAD, 

insertion care, maintenance care (dedicated CVAD or PN team, ward staff, or patient), 

dwell time of the CVAD, infective status, or current positive blood cultures 

(2) Criteria for patient inclusion and exclusion  

(3) Description of the intervention(s), if relevant, and the number of patients allocated to 

each intervention (type of PN & non-PN solutions, number of lumens on the CVAD, 

configuration of IV administration sets and infusions, frequency of IV administration 

set replacement) 

(4) Healthcare settings 

(5) Duration of follow up and numbers lost to follow up  

(6) Outcomes (CRBSI, CVAD colonization, and clinical isolates reported on blood 

culture reports). 

2.3.8 Definition and terminology 

Primary outcome 

Gold standard definition of CRBSI: one of the following; 

(1) Primary bacteremia/fungemia with ≥ one positive blood culture from a peripheral vein 

with no other identifiable source for the bloodstream infection (BSI) other than the 

CVAD, plus one of the following: a positive semi-quantitative (> 15 colony-forming 

units) or quantitative (> 103 colony forming units) CVAD culture, with the same 

organism (species and antibiogram) isolated from the CVAD and blood (Maki et al., 

2006; O'Grady et al., 2002), or 

(2) Two blood cultures (one from a CVAD hub and one from a peripheral vein), that both 

meet the CRBSI criteria for quantitative blood cultures (three-fold greater colony 
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count of growth for the same organism as from the peripheral blood), or differential 

time to positivity (growth of the same organism from hub drawn blood at least two 

hours before growth from the peripheral blood), or 

(3) Two quantitative blood cultures of samples obtained through two CVAD lumens in 

which the colony count for the blood sample drawn through one lumen is at least 3-

fold greater than the colony count for the blood sample from the second lumen 

(Mermel et al., 2009).  

Note. Category (1) is generally used for diagnosis in short-term catheters where the 

device is commonly removed and cultured when infection is suspected. Categories (2) 

and (3) are generally used for diagnosis in long term CVADs where the CVAD is often 

left in situ when infection is suspected, and may be treated with the CVAD in situ, even 

when infection is diagnosed. 

Secondary outcomes 

 CVAD colonisation (CVAD tip or positive blood culture drawn through the 

CVAD): as defined by the trial investigators 

 Clinical isolates (pathogens reported on the blood culture reports): as described 

by the trial investigators 

2.3.9 Data analysis 

Meta-analysis 

It was planned to use data from RCTs in a meta-analysis if the study population and 

the interventions studied were sufficiently similar. A qualitative summary was produced 

for data from non-randomised studies. 

Analysis of CRBSI 

Per patient analysis was planned as preferable, with per CVAD to be accepted as an 

alternate.  

Analysis of the incidence of CRSBI 

CRBSI expressed as the number of episodes per 1,000 CVAD days. The most 

precise measure of incidence is the incidence density, or incidence rate, which is the 

number of (first) infections that occur over the number of days that the CVAD is in place. 
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Analysis of the incidence of CVAD colonisation 

Calculated as incidence of CRBSIs. 

Analysis of clinical isolates (blood) causing CRBSI 

The pathogens that cause CRBSIs were described according to their morphology as 

Gram-positive cocci, Gram-positive bacilli, Gram-negative cocci, Gram-negative bacilli, 

fungi/yeast and polymicrobial. 

2.3.10 Results 

Results of the search strategy 

The search was conducted on July 14, 2015. A total of 2,112 citations were found 

and imported into EndNote X7. In total 1,233 titles were screened once 879 duplicates 

were removed, and 1,212 were excluded. Twenty-one full-text articles were retrieved. 

Ten (Apelgren, 1987; Armero et al., 1991; Borzotta & Beardsley, 1999; Freeman et al., 

1990; Ishizuka, Nagata, Takagi, & Kubota, 2008; Kawagoe et al., 2001; Machado et al., 

2009; Perek et al., 2006; Perlman, Saiman, & Larson, 2007; Rodriguez-Pardo et al., 2014) 

were excluded as they did not meet the inclusion criteria (see Figure 2-1 PRISMA Flow 

Diagram). Eleven studies were included in the analysis.  

Characteristics of included studies 

Characteristics of studies 

The studies were published between 1986 and 2014. The studies were carried out in 

three countries: United States (n = 6) (Danzig et al., 1995; Dimick et al., 2003; Kaufman, 

Rodriguez, McFadden, & Brolin, 1986; Leone, 2010; Sucy, Hupka, & Curchoe, 2005; 

Yeung, May, & Hughes, 1988); Brazil (n = 1) (Beghetto, Victorino, Teixeira, & de 

Azevedo, 2005); and France (n = 4) (Christensen et al., 1993; Penel et al., 2007; Toure et 

al., 2013; Tueux, Leger, Cochard, Pinaquy, & Erny, 1996). Six studies reported both the 

number of patients and CVADs enrolled (Beghetto et al., 2005; Christensen et al., 1993; 

Dimick et al., 2003; Kaufman et al., 1986; Leone, 2010; Penel et al., 2007). Three studies 

reported only the number of patients enrolled (Danzig et al., 1995; Toure et al., 2013; 

Tueux et al., 1996). There were 2,854 patients enrolled in the nine studies that provided 

this information; these numbers ranged from 74 to 831. There were 6,287 CVADs 

described in eight studies (Beghetto et al., 2005; Christensen et al., 1993; Dimick et al., 

2003; Kaufman et al., 1986; Leone, 2010; Penel et al., 2007; Sucy et al., 2005; Yeung et 

al., 1988). Two studies (Sucy et al., 2005; Yeung et al., 1988) only reported number of 
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CVADs and therefore may have included participants with multiple CVADs. 

Characteristics of the 11 included studies are summarized in Table 2-1. 
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Figure 2-1 PRISMA flow diagram (Moher, Liberati, Tetzlaff, Altman, & Group, 2009).  

Reproduced with permission. The PRISMA Statement and the PRISMA Explanation 

and Elaboration document are distributed under the terms of the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in a 

medium, provided the original author and source are credited.   
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Table 2-1  

Characteristics of included studies 
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Beghetto 
(2005) 
 
Brazil 

Prospective 
cohort 

NR Medical 
surgical; 
ICU 

CVC  Subclavian; 
internal 
jugular 

153 
 

286 NR 10 
(6.5) 

 

37 
(24.2%) 

NR 
 

28 GP cocci 
15 GN bacilli 

2 FY 
   Single 

Double 
60 93 NR NR NR NR 7 

(11.7) 
3 
(3.2) 

NR NR 6.6 2.3 NR NR 

Christensen 
(1993) 
 
France 

Prospective 
cohort 

8.2 
(0.12-29.5) 

Cancer Tunnelled 
CVAD 
TIVAD 
 

NR 310 359 NR 17 
(5.5) 

NR NR NR 

   Single NR NR 95 264 NR NR 5 
(NR) 

12 
(NR) 

NR NR NR NR NR NR 

Danzig 
(1995) 
 
USA 

Retrospective 
cohort 

Only 
reported 
age if 
patients 
had a BSI 

Home 
infusion 
therapy 
service 

CVC 
 

NR 113 
(11 excluded 

from analysis) 

NR Reported number 
of therapy days 

11 
(9.7) 

NR Reported case 
patients per 
number of 

therapy days 

5 GP 
3 GN 
3 FY 

  NR 35 67 NR NR NR NR 9 
(25.7) 

2 
(3.0) 

NR NR NR NR NR NR 

Dimick 
(2003) 
 
USA 

Prospective 
cohort 

65 (51-74) Surgical ICU CVC Internal 
jugular; 
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femoral 

260 854 4,712 17 in 9 patients 
(6.6) 

89 
(34.2) 

NR 96 GP 
18 GN 
6 FY 

   Single 
Double 
Triple 
Quadruple 

54 206 61 793 NR NR 0 
(0) 

17 
(6.6) 

NR NR 0 3.6 0 96 GP 
18 GN 
6 FY 
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(year) 
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Kaufman 
(1986) 
 
USA 

Prospective 
cohort 

NR General; 
ICU 

CVC Subclavian; 
internal 
jugular 

74 106 NR 4 
(5.4) 

NR NR 2 GP 
2 GN 

   Triple 59 15 85 21 NR NR 3 
(5.1) 

1 
(6.6) 

NR NR NR NR NR NR 

Leone (2010) 
 
USA 

Retrospective 
cohort 

NR Home 
infusion 
therapy 
service 

Tunnelled 
CVAD 
TIVAD 
PICC 
 

NR 317 649 198,335 NR NR NR NR 

   Single 
Double 
Triple 

NR NR NR NR NR NR NR NR NR NR 1.01 0.39 NR NR 

Penel (2007) 
 
France 

Prospective 
cohort 

53 (2-86) Cancer Tunnelled 
CVAD 
TIVAD 

Subclavian 
 
Jugular; 
cephalic 

371 371 10,392 14 
(3.8) 

NR 1.34 11 GP 
2 GN 
1 FY 

   NR 29 342 29 342 NR NR 6 
(NR) 

8 
(NR) 

NR NR NR NR NR NR 

Sucy (2005) 
 
USA 

Retrospective 
cohort 

NR NR PICC NR NR 1231 NR 33 
(NR) 

NR 1.57 NR 

   NR NR NR 235 996 2,692 NR 14 
(NR) 

19 
(NR) 

NR NR 4.66 NR NR NR 
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Toure 
(2013) 
 
France 

Prospective 
cohort 

63 
(+ 11.7) 

Cancer TIVAD 
 
NR 

NR 
 

425 NR 
 

73,569 
 

55 
(12.9) 

NR Reported 
propensity score 

37 GP 
18 GN 
2 FY 

 113 312 NR NR NR NR 40 
(35.4) 

113 312 NR NR NR NR 40 
(35.4) 

Tueux 
(1996) 
 
France 

Prospective 
cohort 

38.3 
(+ 19.7) 

Adult trauma CVC 
 
Triple 

Subclavian 831 NR NR 15 
(1.8) 

NR NR NR 831 NR NR 15 
(1.8) 

NR NR NR 

 59 772 NR NR NR NR 1 
(1.7) 

59 772 NR NR NR NR 1 
(1.7) 

Yeung 
(1988) 
 
USA 

Prospective 
cohort 

NR Oncology; 
acute care; 
coronary 
care; general 

CVC 
 
Single 
Triple 

Subclavian NR 1140 16,916 21 
(NR) 

21 
(NR) 

1.24 NR 
 

NR 1140 16,916 21 
(NR) 

21 
(NR) 

1.24 NR 
 

 213 NR 237 903 NR NR 17 
(NR) 

213 NR 237 903 NR NR 17 
(NR) 

Note: NR = not reported; SD = standard deviation; CVAD = central venous access device; CVC = central venous catheter; PICC = peripherally inserted central catheter; TIVAD = totally implantable central 
venous device; PN = parenteral nutrition; GP = Gram positive; GN = Gram negative; FY = fungi & yeast; PM = polymicrobial 
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Characteristics of patients and CVADs 

Patients were hospitalized in the general medical, surgical, adult trauma, acute care, 

intensive care, coronary care, oncology departments, pediatric oncology and home 

infusion therapy service. Only four studies reported sex (Christensen et al., 1993; Dimick 

et al., 2003; Penel et al., 2007; Toure et al., 2013). In those studies, there were 747 males 

and 668 females, with a mean age of 45.5 years. Regarding CVAD type, most patients 

had central venous catheters (Beghetto et al., 2005; Danzig et al., 1995; Dimick et al., 

2003; Kaufman et al., 1986; Tueux et al., 1996; Yeung et al., 1988), followed by 

peripherally inserted central catheters (Leone, 2010; Sucy et al., 2005), tunnelled cuffed 

catheters (Christensen et al., 1993; Leone, 2010; Penel et al., 2007), and totally 

implantable vascular access devices (Christensen et al., 1993; Leone, 2010; Penel et al., 

2007; Toure et al., 2013), with one to four lumens. Only one study collected data on 

CVADs with four lumens (Dimick et al., 2003). The average CVAD dwell time in the 

seven studies that reported it was 137 days (Christensen et al., 1993; Dimick et al., 2003; 

Kaufman et al., 1986; Leone, 2010; Penel et al., 2007; Sucy et al., 2005; Tueux et al., 

1996). The average duration of PN was 26 days as reported in three studies (Beghetto et 

al., 2005; Christensen et al., 1993; Kaufman et al., 1986). Patients were followed up until 

their CVAD was removed due to infection or end of treatment (Beghetto et al., 2005; 

Christensen et al., 1993; Kaufman et al., 1986; Toure et al., 2013; Yeung et al., 1988), 

until one year of CVAD dwell time (Toure et al., 2013), or one month post CVAD 

insertion (Penel et al., 2007). The other five studies did not describe any follow up 

duration (Danzig et al., 1995; Dimick et al., 2003; Leone, 2010; Sucy et al., 2005; Tueux 

et al., 1996). 

Characteristics of CVAD insertion and maintenance care 

The care for CVAD insertion and maintenance was described in eight studies 

(Beghetto et al., 2005; Christensen et al., 1993; Danzig et al., 1995; Dimick et al., 2003; 

Kaufman et al., 1986; Penel et al., 2007; Sucy et al., 2005; Yeung et al., 1988). These 

studies described CVAD insertion under maximal sterile procedures. The products used 

to decontaminate the skin for insertion and maintenance varied according to the age of the 

study. The older studies used acetone and 10% povidone-iodine in 70% alcohol, and more 

recent studies used 2% chlorhexidine in 70% alcohol. CVAD dressings included gauze 

and tape, semi-permeable transparent dressings, and chlorhexidine impregnated sponges 

or discs, with the dressings replaced from daily to weekly. Christensen and colleagues 
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(1993) described twice daily flushing of tunnelled CVADs and fortnightly flushing of 

totally implantable venous access devices with heparinized saline. Danzig and colleagues 

(1995) described a change in practice from a protected needle IV access device to a 

needleless access device. 

Characteristics of IV administration set and PN care and maintenance 

The care and maintenance of the IV administration sets and PN was described in six 

studies (Beghetto et al., 2005; Christensen et al., 1993; Dimick et al., 2003; Kaufman et 

al., 1986; Tueux et al., 1996; Yeung et al., 1988). PN was administered on a dedicated 

lumen in three studies (Dimick et al., 2003; Kaufman et al., 1986; Yeung et al., 1988). 

Only one study described a dedicated PN team who inserted the single-lumen CVADs 

solely for PN administration and then provided the maintenance care of the PN and 

CVAD (Dimick et al., 2003). PN was infused continuously in one study (Kaufman et al., 

1986). PN and IV administration sets were replaced every 24 hours in three studies 

(Beghetto et al., 2005; Christensen et al., 1993; Tueux et al., 1996) or after every bag of 

lipids in one study (Yeung et al., 1998). A 0.22 micron filter was added to the 

administration set (Christensen et al., 1993). PN comprised 2:1 solution and/or lipid-only 

solution (Beghetto et al., 2005; Christensen et al., 1993) and all-in-one solution (Tueux et 

al., 1996) (Table 2-2). The other studies did not describe the component parts of the PN 

solution.  
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Table 2-2  

Constituents of PN solutions 
Study All-in-one 2:1 IVFE 

Beghetto (2005) n/a 10% amino acid 

50% glucose 

NR 

Christensen (1993) n/a Amino acids 

Dextrose 

Electrolytes 

Vitamins 

Mineral 

NR 

Tueux (1996) NR n/a n/a 

 Note: n/a = not applicable; NR = not reported 

 
 

Characteristics of IV administration set and non-PN care and maintenance 

The care and maintenance of IV administration sets was described in three studies 

(Beghetto et al., 2005; Tueux et al., 1996; Yeung et al., 1988). The administration sets 

were changed every 24 hours (Yeung et al., 1988), every 48 hours (Tueux et al., 1996) or 

every 72 hours (Beghetto et al., 2005). Routine blood sampling from CVAD lumens was 

not described in any of the studies. The IV medications administered through the CVAD 

was described in eight studies (Beghetto et al., 2005; Christensen et al., 1993; Dimick et 

al., 2003; Kaufman et al., 1986; Penel et al., 2007; Sucy et al., 2005; Toure et al., 2013; 

Tueux et al., 1996). Chemotherapy was administered in five studies (Christensen et al., 

1993; Kaufman et al., 1986; Penel et al., 2007; Sucy et al., 2005; Toure et al., 2013). 

Blood products were administered in three studies (Christensen et al., 1993; Kaufman et 

al., 1986; Penel et al., 2007). Antibiotics were administered in three studies (Beghetto et 

al., 2005; Kaufman et al., 1986; Sucy et al., 2005). (See Table 2-3). 

  



 

Chapter 2: Literature review, part 1 33  

Table 2-3  

Other IV medications administered through the CVAD 
IV medication administered Study 

Chemotherapy Christensen (1993) 

Kaufman (1986) 

Penel (2007) 

Sucy (2005) 

Toure (2013) 

Blood products Christensen (1993) 

Kaufman (1986) 

Penel (2007) 

Antibiotics Beghetto (2005) 

Kaufman (1986) 

Sucy (2005) 

Anticoagulants Kaufman (1986) 

Vasoactive medications Kaufman (1986) 

Crystalloids Dimick (2003) 

Kaufman (1986) 

Tueux (1996) 

Insulin Beghetto (2005) 

Other medications Christensen (1993) 

Dimick (2003) 

Kaufman (1986) 

Sucy (2005) 

Tueux (1996) 
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Risk of bias and quality of included studies 

There were eight prospective studies (Beghetto et al., 2005; Christensen et al., 

1993; Dimick et al., 2003; Kaufman et al., 1986; Penel et al., 2007; Toure et al., 2013; 

Tueux et al., 1996; Yeung et al., 1988), and three retrospective studies (Danzig et al., 

1995; Leone, 2010; Sucy et al., 2005). Table 2-4 summarises the risk of bias in the 11 

studies. Eight studies were rated as moderate risk of bias, two as serious and one as 

critical. Three studies were rated as serious bias in the confounding domain (Kaufman et 

al., 1986; Leone, 2010; Sucy et al., 2005). Differences between the intervention and the 

control group characteristics were not accounted for in the study design. Despite these 

reasons not being articulated, they had to exist. Two studies were rated as serious (Sucy et 

al., 2005), and critical (Dimick et al., 2003) bias due to departures from intended 

interventions. This arises when there are systematic differences between intervention and 

comparator groups in the care provided, which represents a departure from the intended 

interventions (Sterne et al., 2014). A serious or critical risk of bias rating alerts the reader 

to a limitation in the study design, and the results should therefore be interpreted with 

caution.  

Five studies reported ethical approval (Beghetto et al., 2005; Christensen et al., 

1993; Dimick et al., 2003; Penel et al., 2007; Toure et al., 2013). Inclusion and exclusion 

criteria were stated in six studies (Beghetto et al., 2005; Dimick et al., 2003; Kaufman et 

al., 1986; Machado et al., 2009; Toure et al., 2013; Yeung et al., 1988). Nine studies 

outlined their aims and objectives (Beghetto et al., 2005; Christensen et al., 1993; Danzig 

et al., 1995; Dimick et al., 2003; Kaufman et al., 1986; Penel et al., 2007; Toure et al., 

2013; Tueux et al., 1996; Yeung et al., 1988). No studies reported sample size 

calculations. Statistical tests were described by six study authors (Beghetto et al., 2005; 

Christensen et al., 1993; Danzig et al., 1995; Dimick et al., 2003; Kaufman et al., 1986; 

Toure et al., 2013). 
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Table 2-4  

Risk of bias ratings for catheter-related bloodstream infection outcome in each study 

Study 
Bias due to 

confounding 

Bias in 

selection of 

participation 

Bias in 

measurement 

of 

interventions 

Bias due to 

departures 

from intended 

interventions 

Bias due to 

missing data 

Bias in 

measurement 

of outcomes 

Bias in 

selection of 

the reported 

result 

Overall 

Beghetto 2005 Moderate Moderate Low Low Moderate Low Low Moderate 

Christensen 

1993 

Moderate Low Low Low Low Low Low Moderate 

Danzig 1995 Moderate Low Low Low Moderate Low Low Moderate 

Dimick 2003 Moderate Low Low Critical Low Low Low Serious 

Kaufman 1986 Serious Low Low Low Low Low Low Moderate 

Leone 2010 Serious Low Low Moderate Low Moderate Moderate Serious 

Penel 2007 Moderate Low Low Low Low Low Low Moderate 

Sucy 2005 Serious Moderate Serious Serious Low Low Low Critical 

Toure 2013 Moderate Low Low Low Low Low Low Moderate 

Tueux 1996 Moderate Low Low Low Low Low Low Moderate 

Yeung 1988 Moderate Low Low Low Low Low Low Moderate 
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Primary outcome 

Only one study analysed CRBSI per patient (Penel et al., 2007). All studies were 

observational studies and 10 studies included patients with multiple CVADs. Therefore, a 

decision was made to analyse CRBSI per CVAD or per patient (with multiple CVADs) 

dependent upon the data presented by the study authors. 

CRBSI per CVAD 

Three studies had results in favor of non-PN (Penel et al., 2007; Sucy et al., 2005; 

Yeung et al., 1988) (Figure 2-2). Additional analyses (Fisher’s exact test) indicated that 

these results significantly favoured non-PN (p 0.002, < 0.001 and < 0.001, respectively). 

The three remaining studies showed no evidence of a difference between PN and non-PN 

(Christensen et al., 1993; Dimick et al., 2003; Kaufman et al., 1986) (Figure 2-2), but 

confidence intervals were wide, indicating a lack of precision in these estimates.  

Catheter-related bloodstream infection per patient with multiple CVADs 

Three studies produced significant results in favor of non-PN (Beghetto et al., 2005; 

Danzig et al., 1995; Toure et al., 2013). Additional analyses (Fisher’s exact test) indicated 

these results favoring were statistically significant (p = 0.001, 0.049 and < 0.001 

respectively). Two studies found no evidence of a difference between PN and non-PN 

(Kaufman et al., 1986; Tueux et al., 1996) (Figure 2-3), but these confidence intervals 

were wide, indicating a lack of precision in these estimates. Dimick and colleagues 

(2003) found a significant result favouring PN (p = 0.028).  
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Note: events = number of CRBSIs; total = number of CVADs included in the study; CI = confidence interval; M-H = Mantel-
Haenszel; CVAD = central venous access device; CRBSI = catheter-related bloodstream infection; PN = parenteral nutrition 

Figure 2-2 Catheter-related bloodstream infection per CVAD. 
 

 
Note: events = number of CRBSIs; total = number of patients with multiple CVADs included in the study; CI = confidence interval; 
M-H = Mantel-Haenszel; CVAD = central venous access device; CRBSI = catheter-related bloodstream infection; PN = parenteral 
nutrition 

Figure 2-3 Catheter-related bloodstream infection per patient with multiple CVAD
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Incidence of catheter-related bloodstream infection per 1,000 CVAD days 

Only four studies reported CRBSI per 1,000 CVAD days in PN and non-PN 

patients (Beghetto et al., 2005; Dimick et al., 2003; Leone, 2010; Tueux et al., 1996) (See 

Table 2-1 Characteristics of included studies). It was not possible to calculate incidence 

manually from the other studies as number of CVAD days was not reported. Incidence 

ranged from 0 to 6.6 CRBSIs per 1,000 CVAD days in the PN patients, and 0.39 to 3.6 

CRBSIs per 1,000 CVAD days in the non-PN patients.  

Secondary outcomes 

Three studies detailed the microbiological techniques for testing blood cultures and 

CVAD colonization (Beghetto et al., 2005; Penel et al., 2007; Yeung et al., 1988). 

CVAD colonization 

Only one study (Dimick et al., 2003) reported CVAD colonization. The odds ratio 

of colonization with PN was 0.09 with a 95% confidence interval of 0.01–0.65. This point 

estimate had a wide confidence interval, which indicates low precision in the results. In 

this study, patients receiving PN were statistically less likely to develop colonization 

compared to those who did not receive PN.  

Clinical isolates (blood) 

Only two studies reported the pathogens isolated from patients’ blood cultures 

receiving PN and non-PN solutions (Dimick et al., 2003; Yeung et al., 1988). Table 2-5 

shows the combined data for these studies for clinical isolates colonizing the blood of 

patients receiving PN and non-PN solutions. Gram-positive cocci were responsible for 

most positive blood cultures in both patient groups. Gram-positive cocci represent 

bacteria that commonly colonize the skin. Fungi and yeasts were reported to colonize the 

blood of patients receiving PN more frequently than patients receiving non-PN infusions.  
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Table 2-5  

Clinical isolates colonising CVADs 

Clinical isolates from CVAD 
Colonised PN CVADs 

n = 27 (%) 

Colonised non-PN CVADs  

n = 103 (%) 

Gram-positive cocci 12 (44) 78 (76) 

Gram-negative cocci 0 0 

Gram-positive bacilli 1 (4) 0 

Gram-negative bacilli 4 (15) 14 (14) 

Fungi & yeasts 6 (22) 9 (9) 

Polymicrobial 4 (15) 1 (1) 
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2.3.11 Discussion 

The combined results from the studies suggest that there is a higher risk of 

developing CRBSIs in patients receiving PN. Six studies produced significant results in 

favour of non-PN, two studies nonsignificant results with the point estimate in favor of 

non-PN, and two studies nonsignificant results with the point estimate in favour of PN. It 

was possible to analyze one study per CVAD and per patient with multiple CVADs. 

When analysed per patient with multiple CVADs, a significant result in favour of PN was 

produced. There was no obvious difference in the studies to explain these findings. This 

difference in outcomes is likely to be due to the higher risk at baseline in patients and 

inadequate sample sizes. PN is reserved for the critically ill in hospital, but often these 

patients are malnourished in the presence of inflammatory processes before PN is 

prescribed due to concerns about developing CRBSI. None of the studies in this review 

controlled for these patient factors at baseline. Therefore, there is a high risk of selection 

bias, and pooling of CRSBI is not possible. 

Many of the variations observed in the analysis are likely due to differences in 

research designs, CVAD insertion, and maintenance practices. None of the studies 

included in the analysis were RCTs but rather cohort studies. Due to ethical and clinical 

issues, an RCT would pose significant challenges. Patients are prescribed PN when they 

are unable to eat or tolerate enteral feeding. Future cohort studies should endeavour to 

control for confounding variables, such as differences in insertion and maintenance 

practices and glycaemic control; ensure blinding of investigators diagnosing CRBSI; state 

a priori research aims and statistical methods on a clinical trials registry; calculate sample 

size; and ensure good quality and transparent reporting in compliance with the STROBE 

(Strengthening the reporting of observational studies in epidemiology) statement (von 

Elm et al., 2008). 

Future studies also need to clearly describe CVAD insertion and IV administration 

sets and PN maintenance procedures that will enable meta-synthesis of homogeneous 

samples. Ideally, insertion and maintenance practices should be guided by evidence-based 

guidelines. The included studies were published between 1986 and 2014 from three 

countries. This may account for the variations observed in the odds ratio of CRBSI 

associated with PN administration (0.36–17.36) since insertion and maintenance practices 

have changed over time. Solutions to decontaminate the skin and dressings have evolved 

in the past 30 years and will have an impact upon bacterial burden. The care and 
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maintenance of PN and non-PN IVAS were poorly reported in the included studies. This 

potential heterogeneity of clinical practice made it difficult to compare results. 

Skin commensals were the most common clinical isolates found to be colonizing 

patients’ CVADs. Gram-positive cocci were the predominant group in both, followed by 

Gram-negative bacilli in the non-PN group. Fungi and yeasts were more frequently found 

in the PN group. This may be an indication of the immunocompromised status of these 

patients. Patients receiving PN may be more likely to be prescribed antibiotics due to 

their primary diagnosis and therefore are more at risk of being colonized with fungi and 

yeasts. This supports the theory that the administration of PN alone may not inherently 

hold additional risk for the development of CRBSIs. Alonso-Echanove et al. (2003) and 

Rodriguez-Pardo et al. (2014) found that the distribution of pathogens was influenced by 

PN. Fungi and yeasts were isolated more frequently when PN was prescribed (16% vs 

6%; p = 0.01). This finding is consistent with the results presented in Table 2-5. 

Reducing rates of CRBSI is complex and multifactorial. While Dimick and 

colleagues (2003) reported no CRBSIs in their PN cohort, their sample size was not large 

enough to detect a statistical difference in CRBSIs. In this study, the PN cohort were 

cared for by a dedicated PN team and single-lumen CVADs were inserted solely for PN 

administration. These practices may have prevented CRBSI but may not be practical in an 

acute hospital setting where patients require multiple-lumen CVADs for complex IV 

therapies.  

The epic3 National Evidence-Based Guidelines for Preventing Healthcare-

Associated Infections in National Health System Hospitals in England (Loveday et al., 

2014) recommend using a designated single-lumen CVAD to administer lipid-containing 

PN or lipid-based solutions, which reflects current thinking that PN increases CRBSI risk. 

This recommendation is based upon non-analytical studies and expert opinion with Class 

D rating and is therefore recognised as being based on lower level evidence. The 

European Society for Parenteral and Enteral Nutrition Guidelines on Parenteral 

Nutrition: Central Venous Catheters (access, care, diagnosis and therapy of 

complications) (Pittiruti et al., 2009) also recommend the use of a single-lumen CVAD 

for PN, unless multiple lumens are required for patient management with a Grade B 

rating. If multiple-lumen CVADs are required, one lumen should be reserved exclusively 

for PN with a Grade C rating. The classification taxonomy used in their guidelines is not 

described (Pittiruti et al., 2009). The authors of these Guidelines have classified the 
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strength of their recommendations differently based upon the same systematic reviews 

which focused on single- versus multiple-lumen CVADs rather than explicitly on CVADs 

for PN administration (Dezfulian, Lavelle, Nallamothu, Kaufman, & Saint, 2003; 

Zurcher, Tramer, & Walder, 2004). Both guidelines have drawn similar conclusions from 

the systematic reviews but have phrased their recommendations slightly differently and 

given varied classifications. This difference may exist due to guideline emphasis. One 

concentrates on healthcare-associated infections, and the other focuses on PN 

administration.  

To our knowledge, this is the first systematic review comparing CRBSI, CVAD 

colonization and the pathogens causing CRBSI in patients receiving PN and those who do 

not. This review has used a rigorous approach to study selection, data extraction and 

quality assessment. Patients included in the 11 nonrandomized studies were 

predominantly adults being treated as inpatients in general medical, surgical, oncology, 

acute, coronary and intensive care units. Only two studies included children (Christensen 

et al., 1993; Penel et al., 2007). Patients included in the study were generally receiving 

short-term PN treatment. However, patients receiving long-term home PN were 

represented in two studies (Danzig et al., 1995; Leone, 2010). There were unit-of-analysis 

issues in undertaking this systematic review. Most studies analysed CRBSI per CVAD 

rather than per patient. This meant that each patient may have had more than one CVAD. 

Using the CVAD as the unit of analysis is a potential weakness as each patient may be 

exposed to the intervention more than once. Estimates of the true values were imprecise, 

so the actual estimate remains unclear. Due to the serious risk of bias in some of the 

included studies, it was not possible to pool the data for meta-analysis; the studies were 

therefore reported descriptively. From the available data, no conclusions can be made 

about the effect of PN on CRBSI. However, this review provides a strong platform for 

further research to lead to definitive results.  

The Joint Commission published a monograph titled Preventing Central Line-

Associated Bloodstream Infections: A Global Challenge, A Global Perspective (The Joint 

Commission, 2012) in 2012. CLABSIs are described as largely preventable and describe 

a zero tolerance where organizations aim to eliminate by employing evidence-based 

practices. Targeting zero CRBSI is a reality for patients receiving PN when managed by a 

comprehensive team approach using evidence-based guidelines as demonstrated by 

Dimick and colleagues (2003). All patients with a CVAD have an increased risk of BSI 
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and death. Therefore, it is counterintuitive to segregate only the PN group as high risk. 

Alonso-Echanove et al. (2003) found that intensive care patients cared for by a “float 

nurse” more than 60% of the time were 2.6 times more likely to develop a CRBSI (3.04 

vs 7.92 BSIs per 1,000 CVAD days). Floating is the process of reassigning nurses from 

their usual units to short-staffed areas (Brownson & Dowd, 1997). Emphasis on quality 

CVAD insertion and maintenance practices need to be highlighted to all healthcare 

professionals, including hand washing and aseptic non-touch technique (ANTT) through 

ongoing education and surveillance. The prevention and management of CRBSI is 

complex. “Bundle” approaches are used to optimize insertion and maintenance practices 

(The Joint Commission, 2013). They comprise practices such as maximal barrier insertion 

techniques, chlorhexidine skin preparation, avoidance of the femoral vein for insertion, 

prompt removal of CVADs no longer required, hand washing before and after accessing 

the CVAD, daily inspection of site and effective dressings (Loveday et al., 2014; Pittiruti 

et al., 2009).  

Future research needs to move on from the question of PN being an independent 

risk factor for CRBSI as this may be inherent in the patient group. We need to focus on 

clinical questions and interventions that will improve outcomes of all patients with a 

CVAD. These infection control questions should be answered with high-quality studies so 

as to provide strong evidence for clinicians and policy makers.  

The data presented in this systematic review are not sufficient to establish whether 

patients receiving PN are more at risk of developing CRBSI than those who do not. Gold 

standard insertion and maintenance practices can work in this vulnerable population and 

are achievable. Single-lumen CVADs are rarely practical in high acuity patients. Future 

PN studies needs to adjust for baseline imbalances and improve quality and reporting. 

Future research needs to focus on improving safety for this complex group of patients and 

all patients with a CVAD.  
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2.4 CHAPTER SUMMARY 

This systematic review was the important first step in understanding the available 

evidence regarding the influence of PN on microorganism growth and infection. This 

systematic review included eleven studies. The results were inconclusive. It highlighted 

that, despite PN being considered a risk factor for CRI, few studies have compared the 

clinical characteristics and outcomes of patients who received PN with those who did not. 

Undertaking this systematic review using the Cochrane risk of bias assessment tool for 

nonrandomised studies of interventions provided a good understanding of developing the 

methods for Phase 3. Even fewer studies reported the microorganisms that caused the 

CRIs. This literature review informed the microorganisms selected for Phases 1 and 2 of 

the research by identifying those commonly reported to cause CRI. The next chapter, 

Chapter 3, presents a second systematic review that examines the requirement for a 

dedicated lumen when administering PN.  
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Chapter 3: Literature review, part 2 

3.1 STATEMENT OF CONTRIBUTION TO CO-AUTHORED PUBLISHED 
MANUSCRIPT 

This chapter includes a co-authored manuscript. My contribution to the manuscript 

involved conceptualising and designing the study; undertaking systematic searches; data 

extraction; carrying out the initial analysis; and drafting and finalising the manuscript. 

The bibliographic details of the co-authored manuscript are:  

Gavin, N. C., Button, E., Castillo, M. I., Ray-Barruel, G., Keogh, S., McMillan, D. & 

Rickard, C. (2018). Does a dedicated lumen for parenteral nutrition administration 

reduce the risk of catheter-related bloodstream infections? A systematic literature 

review. Journal of Infusion Nursing, 41(2), 122–130. 

doi:10.1097/NAN.0000000000000270. Reproduced with permission (see 

Appendix C).  

The Journal of Infusion Nursing is the official journal of the Infusion Nurses’ Society.  
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3.2 CHAPTER INTRODUCTION 

This literature review chapter comprises a published systematic review. Clinical 

practice guidelines are stringent about the requirement for a CVAD inserted only for PN 

or having a lumen dedicated for PN on a multi-lumen CVAD, as well as regarding 24-

hour replacement of PN bags and IVAS. The second systematic review undertaken for 

this thesis involved a comparison of patients who had a dedicated CVAD or lumen for the 

administration of PN with patients who had their PN administered through a multi-use 

lumen. This systematic review critically examined the evidence that supports current 

statements in clinical practice guidelines, and provided more understanding on the likely 

relationship between PN and infection risk. This was an additional important step in 

preparing for the PhD research experiments.  
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3.3 PUBLICATION II  

3.3.1 Does a dedicated lumen for parenteral nutrition administration reduce the risk 
of catheter-related bloodstream infections? A systematic literature review.  

3.3.2 Abstract 

Guidelines recommend using single-lumen central vascular access devices CVADs 

for the administration of PN or lipid-based solutions, or a dedicated lumen on a multi-

lumen CVAD. Publications reviewed by the authors reported comparative rates of 

catheter-related bloodstream infections (CRBSI) in patients with CVADs who received 

PN through a dedicated lumen compared to those who had PN administered through 

multi-lumen CVADs. Two studies included 650 patients with 1,349 CVADs. CRBSIs 

were equally distributed between the two groups. Both studies were poorly reported and 

had significant risk of bias. These results should be interpreted with caution. 

3.3.3  Keywords 

Administration, Intravenous; Catheterization, Central Venous; Catheter-Related 

Infections; Central Venous Catheters; Parenteral Nutrition; Review, Systematic; Vascular 

Access Devices.  

3.3.4 Introduction 

Healthcare today is unthinkable without vascular access devices for the 

management of patients with acute and chronic conditions, both in hospitals and at home. 

Multi-lumen central vascular access devices (CVADs) allow the concurrent 

administration of incompatible IV medications through separate lumens of the same 

device, thus negating the need for multiple devices. This is tempered with the principle to 

insert CVADs with the minimum number of lumens required for the management of each 

patient, to minimise infection risk (Loveday et al., 2014; Pittiruti et al., 2009).  

Traditionally CVADs used for parenteral nutrition (PN) delivery, including the IV 

administration sets, have associated unique maintenance strategies given the perceived 

heightened infection risk (Stewart et al., 2012). The European Society for Parenteral and 

Enteral Nutrition’s Guidelines on Parenteral Nutrition, and the epic3: National Evidence-

Based Guidelines for Preventing Healthcare-Associated Infections in National Health 

Service Hospitals in England recommend using single-lumen CVADs for the 

administration of PN or lipid-based solutions, if possible, or a dedicated lumen on a 

multi-lumen CVAD (Loveday et al., 2014; Pittiruti et al., 2009).  
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These recommendations can pose logistical challenges to the management of 

patients with complex drug regimens. Acutely ill patients may require a multitude of IV 

therapies including fluid resuscitation, vasopressors, dialysis, apheresis, chemotherapy, 

antiemetics, immune suppression, antimicrobials, analgesia, PN, blood products, and 

other supportive treatment. Many of these therapies are incompatible when administered 

concurrently through the same lumen of a CVAD. Clinicians must optimize available 

vascular access to ensure appropriate and timely administration of all infusions prior to 

establishing additional access (Robinson & Sawyer, 2009). This may compromise 

adherence to clinical guidelines that recommend that PN be administered via a dedicated 

lumen. 

Many medications, such as antibiotics, have peak and trough levels that must be 

maintained to minimize the development of anti-microbial resistance. Physical 

compatibility and stability of some IV medications with PN has been confirmed over the 

years (Bouchoud, Fonzo-Christe, Klingmuller, & Bonnabry, 2013; Robinson & Sawyer, 

2009; Trissel et al., 1999). Multi-lumen extension sets are connected between the CVAD 

and the IV administration set to allow compatible medications to be infused concurrently 

with the PN. Each time the IV administration set is handled, there is the risk of microbial 

contamination from inadequate disinfection of the needleless connector, healthcare 

workers’ hands or patients’ skin (Moureau & Flynn, 2015). PN-containing lipids have 

distinct maintenance practices compared to nonlipid infusions due to the infection risk 

related to the lipid content of PN. Catheter-related bloodstream infections (CRBSIs) may 

be improved if the IV administration set is handled less often (Sitges-Serra, Linares, 

Perez, Jaurrieta, & Lorente, 1985; Sitges-Serra et al., 1984). A lumen dedicated to PN 

would suggest that the IV administration set is manipulated less frequently. However, as 

highlighted above, this may not always be possible with patients with complex needs. 

This clinical problem is the basis for seeking clarification on the actual effect of PN on 

microbial growth, CRBSI and patient safety. The aim of this paper was to systematically 

review research-based publications that reported comparative rates of CRBSI in patients 

with CVADs who received PN through a dedicated lumen compared with those who had 

PN administered through a multi-lumen CVAD. 

3.3.5  Methods 

Systematic reviews attempt to collate all the empirical evidence that fits pre-

specified eligibility criteria to answer a specific research question (Green et al., 2011). 
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Explicit, systematic methods are used to minimize bias to provide reliable findings from 

which conclusions can be drawn and decisions made (Antman, Lau, Kupelnick, 

Mosteller, & Chalmers, 1992; Oxman & Guyatt, 1993). 

Protocol registration 

The protocol was registered prospectively with the PROSPERO International 

Prospective Register of Systematic Reviews as CRD42015016438 at 

http://www.crd.york.ac.uk/PROSPERO/.  

Search strategy 

Four electronic databases (Cochrane Central Register of Controlled Trials 

(CENTRAL) in The Cochrane Library, MEDLINE, CINAHL and PubMed) were 

screened for research studies focusing on CR-BSI in patients receiving PN through a 

CVAD, from inception until June 10, 2016 (Table 3-1). Search results were imported into 

the referencing software EndNote X7 and duplicates were removed. First, titles and 

abstracts were screened by two authors independently. Disagreements were resolved by 

discussion with a third reviewer. Thereafter, the full-text manuscripts were read, and the 

data were extracted. The reference lists of relevant publications were searched for 

additional studies not identified by the methods outlined. There were no limitations 

placed on the age of the patients, the location (hospital or home) where the PN was 

administered, the study methodology, or the language or year of the publication.  
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Table 3-1  

Search strategy 
The following search string was used for MEDLINE and amended for each database 

accordingly 

Terms describing 

parenteral nutrition 

(MH "Parenteral Nutrition, Home+") OR (MH "Parenteral 

Nutrition+") OR (MH "Parenteral Nutrition, Total+") OR (MH 

"Parenteral Nutrition, Home Total") OR (MH "Infusions, 

Parenteral+") OR (MH "Parenteral Nutrition Solutions+") OR AB 

"parenteral nutrition" OR AB parenteral N5a feed OR AB parenteral 

N5 hyperalimentation 

 AND 

Terms describing central 

vascular access devices 

(MH "Catheterization, Central Venous") OR (MH "Central Venous 

Catheters") OR (MH "Vascular Access Devices+") OR AB “Central 

venous catheters” OR AB “Vascular access devices“ OR AB central 

N5 venous OR AB vascular N5 device 

 AND 

Terms describing 

infections 

(MH "Catheter-Related Infections") OR (MH "Bacteremia+") OR 

(MH "Fungemia+") OR (MH "Candidemia") OR (MH "Sepsis+") 

OR (MH "Systemic Inflammatory Response Syndrome+") OR (MH 

"Infection+") OR (MH "Cross Infection+") OR AB “Catheter related 

infections” OR AB “Bacteremia” OR AB “Fungemia” OR AB 

“Sepsis” OR AB “Infection” OR AB Catheter N5 infection OR AB 

Catheter N5 blood N5 infection OR AB Catheter N5 coloni?ationb 

Note: AB = abstract; MH = medical subject headings; a N5 refers to adjacency operator which 

searches for terms near each other; b ? indicates a search for different spellings (e.g., colonization 

or colonisation) 
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Inclusion criteria 

The criteria used for selection of studies were based on participants, interventions, 

contexts, outcome measures and types of study as outlined below. Adult or pediatric 

patients with a CVAD for PN administration in any healthcare setting (hospital or 

community) were included. This review considered studies that compared patients with a 

CVAD with one lumen dedicated to PN administration and the other group with PN 

administered with concurrent compatible IV medications. CRBSI was the primary 

outcome. The secondary outcomes were CVAD microbial colonization and identification 

of clinical isolates (as reported on the blood culture reports). Data needed to be extracted 

for the primary outcome (CRBSI), and by patient (preferably) or by the CVAD as the 

denominator. 

 Exclusion criteria 

Descriptive studies that did not have a comparator group or did not describe PN 

administration in sufficient detail were not included in this systematic review. Studies of 

patients with PN infused through peripheral IV catheters (PIVCs) were excluded. It is not 

standard practice to infuse PN through a peripheral vein due to the risk of extravasation 

and phlebitis, and the incidence of CRBSI is less frequent in PIVCs compared to CVADs 

(Freund & Rimon, 1990; Maki et al., 2006; Mirtallo et al., 2004; Pittiruti et al., 2009). 

3.3.6  Methodological risk of bias 

A bias is a systematic error, or deviation from the truth, in results or inferences 

(Higgins, Altman, & Steme, 2011). Biases can lead to an underestimation or 

overestimation of the true intervention effect. Two authors independently assessed risk of 

bias. Disagreements were resolved by discussion with a third reviewer (Table 3-2) 

(Higgins et al., 2011; Sterne et al., 2014).  
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Table 3-2  

Methodological risk of bias 
Cochrane Collaboration tools for assessing risk of bias 

Domain RCT (each domain rated as high 

risk, low risk or uncertain risk of 

bias) (Higgins et al., 2011) 

Non-randomized studies of 

interventions (each domain rated as 

low, moderate, serious, or critical 

risk, or inadequate information to 

assess risk) (Sterne et al., 2014) 

1. Sequence generation Confounding 

2. Allocation concealment Selection of participation into study 

3. Blinding of participants and personnel Classification of interventions 

4. Blinding of outcome assessors Departures from intended 

interventions 

5. Incomplete outcome data Missing data 

6. Selective outcome reporting Measurements of outcomes 

7. Other sources of bias Selection of the reported result 
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3.3.7 Data extraction 

Two authors independently extracted data using a template. Disagreements were 

resolved by discussion with a third reviewer. The following data were extracted from 

each of the included publications:  

(1) Baseline characteristics of dedicated lumen and multi-lumen group participants 

including the number of participants; age; gender disease; treatment; reason for 

insertion; profession of inserter (medical officer, radiographer or nurse); anatomical 

location of insertion; type of CVAD; insertion care; maintenance care (PN team, ward 

staff or patient); dwell time of the CVAD; and existing infection from a secondary site 

(e.g., a wound, current positive blood cultures).  

(2) Criteria for patient inclusion and exclusion.  

(3) Description of the intervention(s), if relevant, and the number of patients allocated to 

each intervention (type of PN and non-PN solutions, number of lumens on the CVAD, 

configuration of IV administration set and infusions, frequency of IV administration 

set replacement).  

(4) Healthcare setting.  

(5) Duration of follow-up and number lost to follow-up. 

(6) Outcomes (CRBSI, CVAD colonization and clinical isolates from blood cultures). 

3.3.8  Definition and terminology 

Primary Outcome 

Gold standard definition of CRBSI; one of the following: 

(1) Primary bacteremia/fungemia with ≥ one positive blood culture from a peripheral vein 

with no other identifiable source for the bloodstream infection other than the CVAD, 

plus one of: a positive semiquantitative (> 15 colony forming units) or quantitative 

(> 103 colony forming units) CVAD culture with the same organism (species and 

antibiogram) isolated from the CVAD and blood (Maki et al., 2006; O'Grady et al., 

2002); or  

(2) Two blood cultures (one from a CVAD hub and one from a peripheral vein) that both 

meet the CRBSI criteria for quantitative blood cultures (3-fold greater colony count of 

growth for the same organism as from the peripheral blood), or differential time to 
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positivity (growth of the same organism from hub-drawn blood at least two hours 

before growth from the peripheral blood); or  

(3) Two quantitative blood cultures of samples obtained through two CVAD lumens in 

which the colony count for the blood sample drawn through one lumen is at least 3-

fold greater than the colony count for the blood sample from the second lumen 

(Mermel et al., 2009). 

Note: Category (1) is generally used for diagnosis in short-term catheters where the 

device is commonly removed and cultured when infection is suspected. Categories (2) 

and (3) are generally used for diagnosis in long-term CVADs where the CVAD is often 

left in situ when infection is suspected, and may be treated with the CVAD in situ, even 

when infection is diagnosed. 

 Secondary outcomes 

CVAD colonization (CVAD tip or positive blood culture drawn through the 

CVAD): as defined by the trial investigators. 

Clinical isolates (pathogen isolated from blood cultures): as described by the trial 

investigators. 

3.3.9 Data analysis 

Meta-analysis 

It was planned to use data from randomized controlled trials (RCTs) in a meta-

analysis if the study population and interventions studied were sufficiently similar. 

Qualitative summaries were planned for nonrandomized studies or if inadequate RCTs 

were available for meta-analysis. 

 Analysis of CRBSI 

Per patient (not per CVAD) analysis was planned as preferable to protect the 

independence of measures. 

Analysis of the incidence of CRBSI 

It was planned to express CRBSI as the number of episodes per 1,000 CVAD days. 

The most precise measure of incidence is the incidence density, or incidence rate, which 

is the number of (first) infections that occur over the number of days that the CVAD is in 

place (Jarvis, 2016). 
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Analysis of the incidence of CVAD colonization 

This was calculated as the incidence of CVADs colonized per 1,000 CVAD days. 

Analysis of clinical isolates (blood) causing CRBSI 

The pathogens that cause CRBSI were described and categorized according to their 

morphology (i.e., Gram-positive cocci, Gram-positive bacilli, Gram-negative cocci, 

Gram-negative bacilli, fungi/yeast and polymicrobial infection). 

3.3.10  Results 

Results of the search strategy 

The search was conducted on June 10, 2016. A total of 2,286 citations were found 

and imported into EndNote X7 (Clarivate Analytics, Philadelphia, PA). One additional 

record was identified from hand-searching the reference lists. In total, 1,295 titles were 

screened once 992 duplicates were removed, and 1,261 were excluded. Thirty-four full-

text articles were retrieved. Thirty-two were excluded because they did not meet the 

inclusion criteria (Alhimyary et al., 1996; Apelgren, 1987; Armero et al., 1991; 

Armstrong et al., 1990; Clark-Christoff, Watters, Sparks, Snyder, & Grant, 1992; 

Colombani et al., 1985; D'Angio, Riechers, Gilsdorf, & Constantino, 1992; Dahl, 1988; 

Farber, 1988; Forchielli et al., 1997; Gianino, Brunt, & Eisenberg, 1992; Gill, Kruse, 

Thill-Baharozian, & Carlson, 1989; Gupta, Batra, Puri, Panigrahi, & Roy, 1995; Kaufman 

et al., 1986; Krause et al., 2013; Kritchevsky et al., 2008; Lang et al., 1992; Lee, Buckner, 

& Sharp, 1988; Ma et al., 1998; Manglano & Martin, 1991; McCarthy, Shives, Robison, 

& Broadie, 1987; Oloriz, Gandara, Barcena, Varela, & Fuente, 1993; Pardo De La Vega 

et al., 2002; Powell, Kudsk, Kulich, Mandelbaum, & Fabri, 1988; Savage, Picard, 

Hopkins, & Malt, 1993; Tan, Zanariah, Lim, & Balan, 2007; Teichgraber, Nagel, 

Kausche, Streitparth, & Cho, 2010; Toure et al., 2013; Warner, Gorgone, Schilling, 

Farrell, & Ghory, 1987; Wright et al., 1993; Yeung et al., 1988; Yokoyama et al., 1988). 

Two studies were included in the analysis; one RCT and one prospective study 

(conference abstract) (Palomar et al., 1996; Kovacevich, Faubion, Braunschweig, Smith, 

& Wesley, 1988). The PRISMA 2009 Flowchart was used to describe the identification, 

screening and eligibility of included studies in this process (Figure 2-4) (Moher et al., 

2009).  
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Figure 3-1 PRISMA flow chart (Moher et al., 2009).  

Reproduced with permission. The PRISMA Statement and the PRISMA Explanation and 

Elaboration document are distributed under the terms of the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original author and source are credited. 
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Characteristics of included studies 

Characteristics of studies 

The studies were published in 1988 and 1996 and carried out in the United States 

(n = 1) (Palomar et al., 1996) and Spain (n = 1) (Kovacevich et al., 1988). Both studies 

reported the number of patients and CVADs enrolled. The total number of patients 

included in this systematic review was 650 and the total number of CVADs was 1,349. 

One study only recruited 1 CVAD per patient, while the other study included patients 

with multiple CVADs (Palomar et al., 1996; Kovacevich et al., 1988). Characteristics of 

the two studies are summarized in Table 3-3.  
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Table 3-3  

Characteristics of included studies 

Author, Year Study Design Country Population 

Number of 

CVAD 

Lumens 

CVAD 

Insertion 

Location 

Number of 

Patients 

Enrolled 

N 

[PN; ML] 

Number of 

CVADs 

N 

[PN; ML] 

Incidence of 

CRBSI 

N (%) 

[PN (%); ML 

(%)] 

 

Incidence of 

CVAD 

Colonization 

N (%) 

[PN (%); ML 

(%)] 

Palomar, 1996 RCT Spain Medical 

Surgical 

NR Subclavian 

Internal 

Jugular 

Basilic 

70  

[23; 47] 

70  

[23; 47] 

3 (4.3) 

[1 (4.3); 2 

(4.3)] 

8 (11.4) 

[3 (13.0); 5 

(10.6)] 

Kovacevich, 

1988 

Prospective USA NR Single 

Triple 

NR 580  

[258; 322] 

1279  

[523; 756] 

0 [0; 0] NR 

Note: CRBSI = catheter-related bloodstream infection; CVAD = central venous access device; ML = multi-lumen; PN = parenteral nutrition; NR = not reported 
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Characteristics of patients and their CVADs 

Gastroenterology patients were recruited from medical and surgical inpatient units 

in one study (Palomar et al., 1996) and were unreported in the other (Kovacevich et al., 

1988). Gender and age were not reported in either study. One study reported polyurethane 

CVADs were used but did not state the number of lumens (Palomar et al., 1996). The 

other study compared a multiple-use single-lumen CVAD with a dedicated lumen on a 

triple-lumen CVAD (Kovacevich et al., 1988). The average CVAD dwell time was 8.5 

days (Kovacevich et al., 1988). Neither study identified the specific type of CVAD used. 

The average duration of PN was 12 days (range, 3–44 days) (Palomar et al., 1996). 

Follow-up duration was not reported in either study. 

Characteristics of CVAD insertion and maintenance care 

The care for CVAD insertion and maintenance was described in one study (Palomar 

et al., 1996). Maximal sterile procedures were used for CVAD insertion. Acetone, 

povidone-iodine and 70% alcohol were used for skin disinfection insertion and 

maintenance. CVAD insertion sites were dressed with gauze and tape, which was 

replaced every two to three days. Flushing was not described, nor was the person 

responsible for maintaining the dressings (i.e., PN team, ward staff, or patient). 

Characteristics of IV administration set and PN maintenance 

The maintenance of the IV administration set and PN was not described in either 

study. In the dedicated PN lumen group, Gomez and colleagues (1996) did not describe 

whether the patients received IV antibiotics through another device or whether these 

patients did not require this treatment. 

Characteristics of IV administration set and non-PN maintenance 

The maintenance of an IV administration set was not described in either study. 

 Risk of bias and quality of included studies 

The randomization in the Gomez and colleagues (1996) study was not described. 

Therefore, it is unknown how the random sequence was generated or groups allocated, or 

whether allocation was concealed until study entry for each patient. One group received 

only PN through a dedicated lumen, and the other two groups received other IV 

medications through a single lumen. It is not clear whether the PN-only group received 

IV antibiotics. This lack of clarification raises serious questions of potential confounders 

and bias in the interpretation of the study results. If this study had been published after the 
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Consolidated Standards of Reporting Trials (CONSORT) statement, it may have 

alleviated the problems arising from inadequate reporting of RCTs (Schulz, Altman, & 

Moher, 2010). Baseline patient characteristics were not reported, and there was no flow 

diagram provided to ascertain whether all randomized patients were followed up and 

included in the primary analysis. The main source of potential bias for this domain is 

postrandomization exclusions as the number of patients assessed as eligible or excluded 

were not described (Table 3-4). 

It was challenging to ascertain risk of bias in the study by Kovacevich et al. (1988) 

because it was limited to a conference abstract, which does not appear to have been 

subsequently published. One attempt was made to contact the lead author by email, but no 

reply was received. It was not reported why patients received a single or a triple-lumen 

CVAD. If it was based upon clinical need, this is a potential selection bias. The authors 

stated that “care of the two catheters was identical based on protocols” but no mention 

was made of potential deviations from the protocol or who carried out CVAD insertion 

and maintenance care. Overall, the risk of bias of this study was rated as serious, 

indicating a limitation in the study design. Results should therefore be interpreted with 

caution (Table 3-5).  

 Neither study reported if ethical approval was sought or provided inclusion and 

exclusion criteria. Neither study reported sample size calculations. 
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Table 3-4  

Risk of bias ratings in RCT for CRBSI outcome 

Study 
Sequence 

generation 

Allocation 

concealment 

Blinding of 

participants, 

personnel, and 

outcome assessors 

Incomplete outcome 

data 

Selective outcome 

reporting 

Other sources of 

bias 

Palomar 1995a Unclear Unclear Unclear Unclear Low Low 

 

 

Table 3-5  

Risk of bias ratings in non-randomised studies of interventions for CRBSI outcome 

Study 
Bias due to 

confounding 

Bias in 

selection of 

participation 

into the study 

Bias in 

classification of 

interventions 

Bias due to 

departures 

from intended 

interventions 

Bias due to 

missing data 

Bias in 

measurement 

of outcomes 

Bias in 

selection of the 

reported 

result 

Overall 

Kovacevich 

1988 

Critical Moderate Serious Serious Serious Moderate Moderate Serious 
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Primary outcome 

Both studies provided incidence of CRBSI per patient (Palomar et al., 1996; 

Kovacevich et al., 1988). Gomez and colleagues (1996) reported 1 CRBSI case in the 

multi-lumen group (1/23; 4.3%) and two cases in the dedicated lumen group (2/47; 4.3%). 

No CRBSIs were reported in either group in Kovacevich and colleagues’ (1988) study. 

 Incidence of CRBSI per 1,000 CVAD days 

It was not possible to calculate the incidence of CRBSI per 1,000 CVAD days as 

the denominator was not reported in either study.  

Secondary outcomes 

One study described using the Cleri qualitative and Maki quantitative methods for 

culturing CVADs (Cleri, Corrado, & Seligman, 1980; Palomar et al., 1996; Maki, Weise, 

& Sarafin, 1977). The second study reported secondary sites of infection, not CVAD 

colonization (Kovacevich et al., 1988). 

CVAD colonization 

One study reported colonization (Palomar et al., 1996). There were eight episodes 

of CVAD colonization reported: three in the dedicated lumen group (3/23; 13%) and five 

in the multi-lumen group (5/47; 10.6%).  

 Clinical isolates (blood) 

This information was not reported in either study. 

3.3.11 Discussion 

The findings of this review demonstrate there is a paucity of literature in this area, 

with only two studies meeting inclusion criteria, one of which was a conference abstract. 

The results from the two studies included in this systematic review suggest that there is 

no difference in rates of CRBSI when PN is administered through a dedicated lumen or a 

multi-lumen catheter. However, both studies were poorly reported and had significant risk 

of bias; therefore, these results should be interpreted with caution. 

Future studies should clearly describe CVAD insertion and IV administration set 

and PN maintenance procedures. Future studies should report baseline characteristics or 

endeavor to control for confounding variables, such as differences in insertion and 

maintenance practices; ensure blinding of investigators diagnosing CRBSI; state a priori 

research aims and statistical methods on a clinical trials registry; calculate sample size; 
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and ensure good quality and transparent reporting in compliance with the CONSORT and 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

Statement (Schulz et al., 2010; von Elm et al., 2008).  

The American Society for Parenteral and Enteral Nutrition Safe Practices for 

Parenteral Nutrition Special Report states that “the infectious complications of PN 

administration are also reduced when catheter access devices are dedicated solely to PN 

usage (or the designation of one port solely for PN administration if a multi-lumen 

catheter is used) and catheter manipulations are minimized” (Mirtallo et al., 2004). This 

recommendation is based upon the Centers for Disease Control and Prevention 

Guidelines for the Prevention of Intravascular Catheter-Related Infections published in 

2002 (O'Grady et al., 2002). These guidelines were updated in 2011 and state that “no 

recommendation can be made regarding the use of a designated lumen for PN” and that 

the practice is an “unresolved issue” (O'Grady et al., 2011). 

To the authors’ knowledge, this is the first systematic review reporting comparative 

rates of CRBSI in patients with CVADs who received PN through a dedicated lumen 

compared to those who were administered PN through a multi-lumen catheter. This 

review has used a rigorous approach to study selection, data extraction, and quality 

assessment. Because of the small numbers of included studies and the serious risk of bias, 

it was not possible to pool the data for meta-analysis; the studies were therefore reported 

descriptively. From the available data, no conclusions can be made about the effect of a 

dedicated lumen for PN administration on CR-BSI. However, this review identifies a 

significant gap in the literature and provides a strong platform for further research to lead 

to definitive results. 

Currently, there is insufficient data upon which to establish whether patients 

receiving PN through a multi-lumen catheter are more at risk of developing CR-BSI than 

those who have a dedicated lumen for PN. In the absence of good-quality evidence, it 

remains essential to rely on guideline recommendations for clinical practice. However, no 

data are available on how consistently PN is delivered through a single lumen in current 

clinical practice. Are acutely ill patients in our hospitals who require multiple life-saving 

IV therapies receiving PN through a dedicated lumen? 

As this systematic review has highlighted the lack of high-quality data on this topic, 

clinicians could also consider the need for CVAD registries. Clinical registries collect a 
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defined minimum dataset from patients undergoing a procedure, diagnosed with a disease 

or using a healthcare resource (Evans, Scott, Johnson, Cameron, & McNeill, 2011; 

Hoque, Kumari, Ruseckaite, Romero, & Evans, 2016). Data are captured systematically 

from existing medical records and databases. A CVAD registry would do much to 

identify variations in practice and provide feedback on performance. This would allow for 

improvements in patient outcomes by reducing adverse events such as CRBSIs. 

The belief that PN requires a dedicated lumen to prevent infection must be weighed 

against the increased risk of infection risk if multi-lumen devices, or additional 

concurrently sited devices, are chosen to achieve this goal (Robinson & Sawyer, 2009) 

Patient acuity can fluctuate during the dwell time of a CVAD, and this makes it difficult 

for clinicians to accurately predict the number of lumens required at CVAD insertion. 

Multiple concurrent devices may place patients at risk for infection, venous 

thromboembolism and falls (Lee et al., 2006; Legriel, Mongardon, Troche, Bruneel, & 

Bedos, 2011; Morse, Tylko, & Dixon, 1987; The Joint Commission, 2012). Clinicians 

should be aware of the safety of physical compatibility and stability of IV medications 

with PN when co-infusing these products (Bouchoud et al., 2013; Robinson & Sawyer, 

2009; Trissel et al., 1999). In 2008, the National Confidential Enquiry into Patient 

Outcomes and Death conducted an observational study of patients receiving PN in NHS 

Hospitals (Stewart et al., 2012). Retrospectively, patients were identified randomly by 

hospital pharmacies dispensing PN. The report states that there is evidence that 

approximately one-third (68/191) of CVADs for PN were being used for other reasons 

(Stewart et al., 2012). This study demonstrates the inherent risks associated with multi-

lumen CVADs and the need for high-quality evidence to guide practice. 

An important factor in the risk of infection may be whether routine blood samples 

are taken from the lumen used for PN administration. However, this was not described in 

the included studies and remains unanswered in this context. Each time a lumen or an IV 

administration set connection is accessed or manipulated, it is imperative to perform hand 

hygiene immediately before the procedure; wear gloves; and use an aseptic non-touch 

technique with adequate scrub and drying time and a pulsatile flushing technique (Centers 

for Disease Control and Prevention, 2011). 

 The data synthesized in this systematic review are insufficient to ascertain whether 

patients receiving PN through a dedicated lumen are at lower risk of infection risk than if 
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a multi-lumen CVAD is used. Good-quality additional comprehensive studies are 

required to answer this important and ongoing clinical question.  
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3.4 CHAPTER SUMMARY 

This second systematic review revealed that few studies had compared infection 

outcomes for patients receiving PN via a dedicated lumen compared to PN via a multi-use 

lumen. This study showed no difference in CRBSI between the two practices. The results 

of the systematic reviews in Chapters 2 and 3, therefore, warranted further investigation. 

In the next chapter, Chapter 4, the research methodology underpinning Phases 1, 2 and 3 

will be presented.  
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Chapter 4: Research Methodology 

4.1 CHAPTER INTRODUCTION 

This chapter outlines the research methods used to achieve the overarching aim and 

objectives. It includes the methodological and conceptual models that informed this 

research, aims and objectives, research questions, hypotheses and the research design, 

experimental methods, data collection and data analysis methods. It also details the study 

sample, outcome variables and ethical considerations. This chapter presents the overall 

methods; however, as this thesis also contains chapters prepared in publication format, 

there is some unavoidable repetition of the methods in Chapters 5 and 6.  

4.2 AIMS AND OBJECTIVES 

The aim of this doctoral thesis was to investigate, firstly, the potential of PN 

containing IVFE for microbial growth and, secondly, its influence on CRI in patients with 

CVADs. There were three objectives:  

(1) to measure the growth properties of microorganisms commonly associated with CRI 

for a variety of PN and non-PN (control) solutions;  

(2) to develop a dynamic laboratory model of IV administration that simulates the clinical 

environment and use this to investigate the effect of duration of IVAS use on 

microorganism growth; and  

(3) to explore the association between PN containing IVFE and no-IVFE solutions, 

CVAD and IVAS practices, and patient risk factors with infection outcomes.  

4.3 RESEARCH QUESTIONS 

The research addressed the following three research questions.  

(1) What is the effect of PN, all components and combinations, compared to other IV 

fluids on microbial growth?  

(2) Is more frequent IVAS replacement necessary for PN containing IVFE, compared to 

other IV solutions?  

(3) What is the influence of PN containing IVFE on CRI in patients with CVADs?  
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4.4 RESEARCH DESIGN 

The study consisted of three phases. Phases 1 and 2 were pre-clinical controlled 

experiments undertaken in the microbiology laboratory. Phase 3 was a secondary analysis 

of a large dataset that had originally been collected for an RCT but had not previously 

been interrogated for the research questions posed in this thesis.  

4.5 MODELS INFORMING THIS STUDY 

Two models informed the research: one methodological and one conceptual. The 

Model of Translational Research (Cancer Institute NSW, 2012; New South Wales 

Ministry of Health, 2012; Westfall et al., 2007) was chosen as the methodological model 

to guide this research. It outlines the stages of translational research that enabled the 

results of the pre-clinical experiments and secondary analysis of a large dataset from an 

RCT to address the three research questions. The CVAD-Microbe Interaction and 

Adverse Patient Outcomes Model, adapted from Casadevall and Pirofski (1999, 2000, 

2003), depicts the conceptual basis for the study. Both models provided a framework for 

the research design, data collection and analysis.  

4.5.1 Methodological model 

The Cancer Institute of NSW’s Model of Translational Research (Cancer Institute 

NSW, 2012) was adapted from the United States National Institutes of Health Model of 

Research Translation (Westfall et al., 2007). The original model focused upon translation 

of basic biomedical research into clinical practice, but this was adapted to include the 

translation of population health and health service delivery research (Cancer Institute 

NSW, 2012; New South Wales Ministry of Health, 2012) (Figure 4-1).  

The Model includes three research approaches: basic research, human clinical 

research and practice-based research. Treatments and interventions are developed in 

translation to humans (T1); these treatments and interventions are tested for efficacy and 

effectiveness in translation to patients (T2); and dissemination and implementation 

research occurs in translation to practice (T3). The goal of health research is to improve 

patient outcomes. The research that occurs in the translation phase links the research 

laboratories to translate research outcomes into improved policy and practice that 

ultimately enhance patient care.  

This research investigated the effect of PN containing IVFE on microbial growth 

and its influence on CRI in patients with a CVAD. Phases 1 and 2 were situated in the 
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Basic Research zone (Objectives 1 and 2). Phases 2 and 3 took place in the Practice-

Based Research zone (Objectives 2 and 3). The results of these three phases will inform 

future Bedside Human Clinical Research and ultimately re-inform the Policy and 

Practice to identify new clinical questions and gaps in care, which returns the researcher 

to the Bedside zone where postdoctoral research will take place. 
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Figure 4-1 Model of Translational Research (Cancer Institute NSW, 2012; New South Wales Ministry of Health, 2012; Westfall et al., 2007).  

Republished with permission of the Journal of the American Medical Association, from Practice-Based Research—“Blue Highways” on the NIH 

Roadmap, Westfall et al., volume 297, issue 4; permission conveyed through Copyright Clearance Center, Inc. (See Appendix D). 
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4.5.2 Conceptual model 

The CVAD-Microbe Interaction and Adverse Patient Outcomes conceptual model 

(Figure 4-2) is the researcher’s own depiction of the conceptual phases of the research 

adapted from the Damage-Response Framework of Microbial Pathogenesis (Casadevall 

& Pirofski, 2003), Host-Pathogen Interactions (Casadevall & Pirofski, 1999) and Host-

Pathogen Interactions (Casadevall & Pirofski, 2000) published by Casadevall and 

Pirofksi. They considered the action of the pathogen to be dependent upon the immune 

response of individuals (Casadevall & Pirofski, 1999). CVADs provide a conduit for 

pathogens from patients’ skin, healthcare workers’ hands and the environment into the 

patient’s bloodstream. This linked well to the overall research aim of assessing the 

influence of PN containing IVFE on the growth of clinically relevant microorganisms and 

subsequent infection risk. Host-pathogen and damage-response interactions are central 

tenets in the CVAD-Microbe Interaction and Adverse Patient Outcomes Model. The 

CVAD-Microbe Interaction and Patient Outcome Model was developed as no existing 

model provided an infectious diseases perspective on the linear manner of colonisation 

from the vascular access and infusion therapy manufacturing process to the completion of 

treatment, removal of the CVAD or death of the patient.  

Contamination of devices, equipment, and infusates including PN containing IVFE, 

as well as IVAS tubing, can occur during the manufacturing process at the first point of 

the model, but this occurs very rarely and would initiate a product recall and root cause 

analysis. This is represented by the orange box. The yellow boxes represent intraluminal 

contamination, the process of which was discussed in Chapter 1. The green box 

represents Elliot’s theory of CRI pathogenesis (1988), as described in Chapter 1 in 

Section 1.2.4.  

Infection (in the purple box) is defined as “the process in which an organism enters, 

establishes itself, and multiplies in the host (not in others)” (Casadevall & Pirofski, 2000; 

Meyer, 1974). A relatively healthy host may mount an immune response and eliminate 

the microorganisms without medical intervention (blue box). This occurs before the first 

black line in the second half of the model. If this does not occur, the CVAD, in patients 

with either PN or non-PN infusates, may be colonised by the acquired microorganism and 

can be seen between the black first and second line of the model. CVAD colonisation 

may lead to the patient exhibiting symptoms of disease or suspected CRBSI. A ‘septic 

screen’, which includes peripheral and centrally drawn blood cultures, a mid-stream urine 
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sample, stool sample and chest x-ray will be carried out to identify the source of the 

possible infection and assist in the diagnosis of CRBSI. In the critically ill and cancer 

populations, IV antibiotics are usually prescribed at the onset of these symptoms and the 

CVAD may be removed if patients deteriorate clinically and become haemodynamically 

unstable. If patients do not respond to treatment, the CVAD may be removed and 

replaced, or they may die from overwhelming sepsis. This deterioration and poor patient 

outcomes are shown after the second line in the model.  

Patients’ and healthcare workers’ skin and mucous membranes are covered with 

commensal microorganisms, which are part of their normal flora. These commensals are 

non-pathogenic in this environment, but inflammatory and infective processes can be 

activated if they gain entry to the bloodstream through the CVAD. Phases 1 and 2 

explored the effect of PN and non-PN infusates on microorganism growth known to cause 

CRIs, which is depicted by the blue box called Infection (microbial replication). The 

IVAS model in Phase 2 was used to explore the safety of prolonging the replacement of 

the IVAS for PN containing IVFE. This experiment linked together the yellow, green and 

purple boxes of the CVAD-Microbe Interaction and Patient Outcomes Model, as it tested 

the effect of colonisation within the IVAS environment. Phase 3 investigated adverse 

patient outcomes caused by an interaction between the microorganisms and the CVAD, 

which is represented by the whole model.
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Figure 4-2 CVAD-Microbe Interaction and Adverse Patient Outcomes Model. 

Adapted from the Damage-Response Framework of Microbial Pathogenesis (Casadevall & Pirofski, 2003), Host-Pathogen Interactions 

(Casadevall & Pirofski, 1999) and Host-Pathogen Interactions (Casadevall & Pirofski, 2000). 
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4.6 RESEARCH PHASES 

This research took a bench-to-bedside approach in three phases to examine 

microbial growth in PN containing IVFE and its infective risk, relative to other IV 

solutions. Initially, laboratory experiments compared the growth of microorganisms 

known to cause CRIs in a controlled environment in a variety of PN and other IV 

solutions (Phase 1), and then in an IVAS dynamic laboratory model over a period of 

seven days (Phase 2). Finally, a secondary analysis of a large dataset from an RCT 

involving 807 patients from a tertiary hospital compared infection outcomes for patients 

with CVADs who received PN therapy with those who did not (Phase 3). Phase 3 

addressed all three research questions and considered the effect of PN compared to other 

IV fluids on microbial growth by analysing the positive blood culture reports (Research 

Question 1), the effect of more frequent versus less frequent IVAS replacement on 

infection risk by comparing patients receiving an allogeneic haematopoietic stem 

transplant who were assigned to the 4- or the 7-day group in the parent RCT (Research 

Question 2), as well as the influence of PN containing IVFE on CRIs in patients with a 

CVAD (Research Question 3).  

4.6.1 Phase 1 

Phase 1 addressed Research Question 1: What is the effect of PN, all components 

and combinations, compared to other IV fluids on microbial growth?  

Hypotheses 

(1) The microorganisms tested would grow at different rates. 

(2) The growth of microorganisms would vary in different PN and non-PN 
solutions.  

Method 

Isolates were obtained from a biobank of specimens collected from patients at the 

Royal Brisbane and Women’s Hospital (RBWH). These bacterial isolates represented 

three species (Staphylococcus aureus, S. epidermidis, Streptococcus pyogenes and 

Pseudomonas aeruginosa), in addition to Candida albicans. Isolates were grown on the 

appropriate agars: S. aureus, S. epidermidis and S. pyogenes were initially grown on horse 

blood agar (HBA) plates (Oxoid blood agar base; product number CM0055 and Equicell 

defibrinated horse blood; product number E-HBD); P. aeruginosa on cetrimide agar 

(Oxoid pseudomonas cetrimide agar; product number CM0579); and C. albicans on 
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Sabouraud dextrose agar (SDA) (Oxoid Sabouraud dextrose agar; product number 

CM0041).  

The growth and analysis of bacteria followed standard methodologies (Reddy et al.,  

2007). S. aureus, S. epidermidis and S. pyogenes stock were defrosted and streaked onto 

HBA plates and Equicell defibrinated horse blood, P. aeruginosa onto cetrimide agar and 

C. albicans onto SDA. Microorganisms were then incubated at 37°C for 24 hours; next 

day one colony transferred to 5 mL of pre-warmed tryptic soy broth (TSB) in a 10 mL 

tube and incubated at 37°C overnight at 200 revolutions per minute (RPM).  

The next day, the cultures were centrifuged at 3,000 RPM, the supernatant removed 

and the pellet resuspended in 5 mL phosphate buffered saline (PBS) (Invitrogen 

phosphate buffer saline; product number 003002). The wash was repeated twice. The 

pellet was then resuspended in 20 mL PBS and 1 mL of the suspension was aliquoted into 

9 mL of pre-warmed solutions (see Table 4-1) in duplicate and incubated at 37°C.  

Table 4-1  
Solutions used in pre-clinical experiments 

 Solution Manufacturer Product number 

Control (experiment) Tryptic soy broth without dextrose  Becton Dickinson 286220 

Non-PN solutions 

(hospital control) 

Sodium chloride 0.9% 

5% glucose IV infusion BP 

Water for injections BP 

Baxter 

B Braun 

Baxter 

AHB1324 

AUST R 49332 

AHB0304 

PN solutions QH Central Parenteral Nutrition + Calcium 

Clinoleic 20% 

Synthamin 17 (amino acid 10%) IV 

infusion with electrolytes 

Synthamin 17 (amino acid 10%) IV 

infusion without electrolytes 

50% glucose IV infusion BP 

Baxter 

Baxter 

Baxter 

 

Baxter 

 

Baxter 

TCB-50-CA 

FDB89503B 

AHA6921 

 

AHA6920 

 

AHB0253 

Note: BP = British Pharmacopeia; IV = intravenous 

 

Data collection 

One-mL samples were recovered at 0, 4, 8 and 24 hours from each suspension and 

serially diluted to 10-7 in 900 µl of the same solution. A 100 µl aliquot of the 10-4, 10-5 

and 10-6 suspensions were then plated onto appropriate agar and incubated overnight. The 

total colony forming units (CFU) were then determined.  
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The ten solutions listed in Table 4-1 were pre-warmed at 37°C overnight. 

Appropriate agar plates were prepared. Each solution was plated out and incubated at 

37°C overnight to ensure sterility. The experiments were undertaken in duplicate.   

Validity 

To promote validity across the three phases, the microorganisms used in Phase 1 

were derived from the banked clinical isolates from local hospital patient samples, not 

laboratory reference strains. The specific microorganisms chosen (S. aureus, S. 

epidermidis, S. pyogenes and P. aeruginosa and C. albicans) represented species 

commonly responsible for CLABSI in previous clinical studies and represented Gram-

positive cocci, Gram-negative bacilli and fungi, also supporting validity of these 

experiments to address the question.  

All clinical isolates were grown in a laboratory control (TSB) to ensure the selected 

microorganisms were able to reach exponential growth in a growth media within 24 

hours, which provided a baseline for the growth of the microorganisms in the non-PN and 

PN solutions. Three solutions represented commonly used non-PN hospital solutions 

(hospital controls). Four solutions represented the manufactured component parts of PN 

and the other was the manufactured all-in-one PN. It was important to know how the 

clinical isolates behaved on hospital controls as well as PN components and 

combinations, as the aim of this doctoral thesis was to understand the growth potential of 

PN.  

Reliability 

It was important to conduct growth curve experiments to establish a baseline for 

growth in the ten solutions to ensure the reliability of subsequent experimentation. Each 

experiment was conducted in duplicate. It was repeated on a separate occasion to reduce 

the chance of an abnormal sample skewing the results. Results were then averaged. At 

each time point the solution was plated out at 10-4, 10-5 and 10-6. This was to confirm the 

accuracy of the serial dilution. The 10-5 plates were documented throughout the 

experiment for consistency. 

The equipment in the laboratory was maintained and tested as per quality protocols, 

thus ensuring consistent temperatures in the incubators and revolutions in the centrifuges. 

Laminar flow cabinets were decontaminated to ensure sterility. Agar plates were prepared 
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in a laminar flow cabinet to prevent contamination. Additionally, a sample of each fluid 

was prepared on HBA and incubated for 24 hours to confirm the sterility of the fluid.  

Data analysis 

Descriptive statistics were used to summarise the results of Phase 1. Each time 

point for each solution provided 12 results (4 results at 10-4, 4 at 10-5 and 4 at 10-6). The 

plates with 30 to 300 bacterial colonies on them (typically the 10-5 dilution) were used to 

calculate total CFU in the undiluted bacterial suspensions. The results from each 

individual experiment were subsequently plotted on a graph to confirm that the growth of 

each microorganism in independent experiments followed a similar trend. The mean CFU 

for individual microorganism species at individual time points (0, 4, 8 and 24 hours) for 

specific growth conditions was then determined. The relative growth, expressed as a 

percentage of CFU recovered at 0 hours, was subsequently calculated. Comparison of 

differences in the relative CFU recovered at different time points, or between different 

growth conditions, was used to assess the influence of growth conditions on viable 

bacterial recovery.  

Hypothesis 1 

Initially, the relative growth at 4, 8 and 24 hours was used to compare the growth of 

each of the five microorganisms in TSB. This demonstrated the variability and similarity 

between microorganisms in a control solution with maximum growth properties.  

Hypothesis 2 

The relative growth at 4, 8 and 24 hours was used to compare the growth of each of 

the five microorganisms in the three non-PN control solutions and the six component parts 

and combinations of PN, including all-in-one PN and IVFE, as listed in Table 4-1.  

Ethical considerations 

Phase 1 used microbial species isolates available within the research group. The 

bacteria had been retained with ethical approval from the Intravascular device 

administration sets: Replacement after Standard Versus Prolonged use: The RSVP Trial 

(APP1008428). The fungal sample was collected from the Central Pathology Laboratory 

at the RBWH, Queensland Pathology. Patients consented to the storage of 

microorganisms isolated during clinical trials for future research into vascular access and 

infection prevention. The RVSP Trial was approved by the Gold Coast Health Service 

District Human Research Ethics Committee (HREC) approved (HREC Reference number 
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HREC/10/QGC/110), the Griffith University HREC (HREC Reference number 

NRS/27/10/HRC), and the RBWH Research Governance Office for Site Specific 

Approval (Appendices E, F, G and H). The Queensland Children’s Health Service HREC 

granted approval for the PhD study—the HREC was transferred from the Gold Coast 

Health Service District HREC to the Queensland Children’s Health Service HREC during 

The RSVP Trial. The HREC transfer occurred as the Gold Coast Hospital did not recruit 

patients to The RSVP Trial as planned. See Appendix I for the HREC Transfer Approval, 

Appendix J for the Letter requesting approval for the PhD studies, Appendix K for the 

Letter approving the PhD studies from the Queensland Children’s Health Service HREC 

(HREC Reference number HREC/13/QRCH/185/AM13). The Biosafety Committee was 

informed, and Site Specific Approval was sought at the institutions where the 

experiments were conducted (University of Queensland Centre for Clinical Research). 

These approvals were submitted to Griffith University as part of a low-risk expedited 

HREC application (HREC Reference number NRS/41/14/HREC) (Appendix L). The PhD 

student completed health and safety competencies and laboratory inductions online 

(Appendix M). This health and safety competency training ensured that the PhD student 

handled the clinical isolates in accordance with laboratory health and safety standards and 

ensured no laboratory personnel were harmed.  

The following measures ensured that the principles of nonmaleficence were upheld. 

There was no risk to patients from this research, as there was no patient involvement or 

data collected. Patient identifiers were not used, with laboratory specimen numbers used 

for identification of microbes. Privacy and confidentiality were assured in this way.  

The motivation for this study was in line with the principles of beneficence. As 

highlighted in Chapter 1, this study was undertaken to examine whether patients receiving 

PN are at more risk than those who do not of developing a CRI and to address the current 

practice of more frequent replacement of IVAS for PN containing IVFE and to critique 

whether this is necessary to prevent CRI. This Phase 1 study was required as the first 

incremental step to addressing these research questions and minimising harms for patients 

receiving PN.  
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4.6.2 Phase 2 

Phase 2 addressed Research Question 1: What is the effect of PN compared to other 

IV fluids on microbial growth? and Research Question 2: Is more frequent IVAS 

replacement necessary for PN containing IVFE, compared to other IV solutions?  

Hypotheses 

(3) It was conjectured that the microorganisms would follow the same growth 

trajectory in the IVAS model when compared to the static (Phase 1) 

experiments.  

(4) Growth at the distal end of the IVAS model in the first 24 hours would be 

representative of the subsequent days’ growth, over the 7-day period.  

Microbiological strains 

The microorganisms and solutions used in Phase 2 were informed by the Phase 1 

experiments by selecting microorganisms that demonstrated the ability to enter 

logarithmic phase in all-in-one PN and IVFE. These were S. aureus and C. albicans. In 

addition, S. epidermidis was chosen as the skin contaminant specimen. All three 

microorganisms are known to cause CRI.  

Methods 

This experiment was designed to simulate clinical practice using IVAS that 

comprised a selection of products: a fluid bag, a burette, plastic tubing, extension sets, a 

three-way tap and needleless connectors. These products are packaged separately and in 

practice are connected by healthcare professionals who may inadvertently touch-

contaminate the internal IVAS with microorganisms when setting up or replacing the 

IVAS or during administration of IV medications and fluids. Each component of the 

IVAS has a port which is used for administering medications or taking blood samples; 

healthcare professionals may also contaminate the IVAS during these procedures.  

The experiment involved simulated touch contamination of the fluid bags, as could 

happen in the clinical setting, with a clinically relevant number of colonies. The total 

number of CFU grown from five fingertips ranges from 0 to 300 CFU (Pittet, Dharan, 

Touvaneau, Sauvan, & Perneger, 1999). The average number of colonies acquired on 

ungloved fingertips ranged from 4 to 20 CFU per minute for skin contact, direct patient 

contact, blood sampling and IV injection or care (Pittet et al., 1999). Pittet and colleagues 

(1999) took an imprint for five seconds from five fingertips on the dominant hand of the 
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healthcare worker onto commercial contact plates, which were incubated at 35 °C in 

aerobic conditions, with colonies counted and identified at 24 hours.  

All-in-one PN and IVFE were chosen for the experiments as these are the solutions 

for which guidelines recommend replacement of the bag and IVAS every 24 hours. Three 

microorganisms were chosen: S. epidermidis as it is a common contaminant (Hall & 

Lyman, 2006), S. aureus and a fungal species, C. albicans, due to their exponential 

growth after 24 hours in all-in-one PN and IVFE solutions in Phase 1. Due to budgetary 

and time constraints, it was not possible to conduct the IVAS model experiments using all 

possible control and PN solutions. Therefore, a pragmatic decision was taken to use 0.9% 

sodium chloride as the control solution since most patients requiring continuous IV 

administration receive this as part of their therapy. The IVAS model consisted of the fluid 

bag, IV tubing (B Braun Infusomat Space Line; product number 8700110SP), three-way 

tap (B Braun Discofix C; product number 14/1892047) and needleless connectors 

(CareFusion Needle-Free Value; product number 14115115) to mimic normal hospital 

practice when administering the continuous delivery of IV fluids and solutions. Samples 

were collected using aseptic non-touch technique (ANTT) from the distal end of the 

IVAS model passed through a sterile bored bung into a sterile conical flask. In the clinical 

setting, the needleless connector at the distal end of the model would connect to the 

patient’s CVAD.  

For contamination experiments, S. aureus and S. epidermidis were grown onto 

HBA plates and C. albicans onto SDA and incubated at 37°C for 24 hours. One colony 

was transferred to 20 mL of pre-warmed TSB and incubated at 37°C overnight at 200 

RPM. One mL of the overnight culture was then transferred to 20 mL pre-warmed TSB 

and grown to a specified optical density of OD600. To determine total microorganism 

numbers used in the contamination experiments, the culture was serially diluted, plated 

onto HBA or SDA and incubated at 37°C for 24 hours.  

Next, 30 mL of fluid were removed from the fluid bag via the drug port (see Figure 

4-3: IVAS Model) using ANTT, and 100 µl of S. aureus, S. epidermidis or C. albicans 

was inoculated into the bag via the drug port and flushed with 30 mL fluid. The bag was 

left to rest for one hour, and then connected to the IVAS using ANTT. The IVAS was 

primed and programmed to pump fluid through the system. The IV pump (B Braun 

Infusomat Space; product number 8713070) was programmed to deliver the contents of 

the fluid bag over 24 hours. The fat emulsions (Baxter Clinoleic 20% in a 500 mL bag;) 
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were programmed at 20 mL per hour; the PN (Baxter QH Central Parenteral Nutrition + 

Calcium, 1 L bag) and the control solution (Baxter sodium chloride 0.9%, 1 L bag) was 

programmed at 40 mL per hour. One mL samples were collected from the needleless 

connector on the distal end of the three-way tap (see Figure 4.4) at 0, 2, 6 and 24 hours. 

The samples were centrifuged for five minutes at 3,000 RPM, the supernatant removed, 

and the pellet resuspended in 100 µl of PBS. The suspension was subsequently plated 

onto HBA or SDA and incubated overnight at 37°C for 24 hours and colonies counted.  

The IVAS tubing remained in place for up to seven days with fluid bags replaced 

only once empty, using ANTT.  

Data collection 

Samples were taken from the needleless connector at the distal end of the IVAS 

model at 2, 6 and 24 hours after the bag replacement. The experiments were undertaken 

in duplicate.  

Validity 

The IVAS model was designed to simulate the clinical setting though delivery of 

solutions at room temperature via IV pumps set at rates commonly programmed for adult 

patients. In addition to the all-in-one PN and IVFE, 0.9% sodium chloride was used as a 

control solution for the experiment. A control solution was required to address Research 

Question 1: What is the effect of PN compared to other IV fluids on microbial growth? 

This was an important feature in the experiment design as previous similar studies 

(Merlino et al., 1988; Mershon et al., 1986) had not used a control solution in their 

experiments. As with Phase 1, the microorganisms used in Phase 2 were derived from the 

banked clinical isolates from patient samples, not laboratory reference strains. This 

promoted validity across the three Phases.  

Reliability 

Each experiment was conducted in duplicate and repeated on a separate occasion to 

reduce the chance of an abnormal sample skewing the results. Results were averaged. The 

equipment in the laboratory was maintained and tested as per quality protocols, thus 

ensuring consistent temperatures in the incubators and revolutions in the centrifuges. 

Laminar flow cabinets were decontaminated to ensure sterility. Agar plates were prepared 

in a laminar flow cabinet to prevent contamination.  
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Data analysis 

Descriptive statistics were used to report the results. The total CFU delivered into 

the fluid bag via the drug port was first determined by plating serial dilutions of inoculum 

onto solid growth media and incubating there plates overnight. The CFU recovered from 

the distal needleless connector was similarly determined at a series of time points over a 

7-day period. To determine relative growth for each species, the CFU recovered from the 

distal needless connector was compared to initial inoculum. In this thesis, both absolute 

CFU recovered and percentage growth when compared to the initial inoculum are 

reported. Comparative analyses of growth in different solutions were undertaken by 

comparing relative growth at different time points.  

Hypothesis 3 

It was conjectured that the microorganisms would follow the same growth 

trajectory in various solutions as observed in the static experiments. This was tested by 

observing the growth rates in the first 24 hours in the IVAS model and comparing these to 

the growth curves from Phase 1.  

Hypothesis 4 

It was stated that growth at the distal needleless connector of the IVAS model in the 

first 24 hours would be representative of the subsequent days’ growth. This was examined 

by comparing relative growth over seven days with the growth at 24 hours for TPN, IVFE 

and 0.9% sodium chloride.   
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Figure 4-3 Illustration representing the IVAS Model. 
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Ethical considerations 

The ethical considerations outlined for Phase 1 were also present in Phase 2 and 

approvals were gained concurrently. The dynamic laboratory model of IVAS was 

developed to examine the effect of potential IVAS fluid touch contamination in a scenario 

of simulated clinical CVAD and IVAS care. The benefit of the laboratory models was 

that these experiments could not be undertaken in clinical practice as it would be 

unethical to inoculate known pathogens into the IVAS and put patients at additional risk 

of infection.  

4.6.3 Phase 3 

The third phase of this PhD research involved a secondary analysis of a large RCT 

study dataset involving new questions and analyses that had not previously been 

undertaken. The secondary data analysis was a sub-set of RCT patients and this PhD 

study involved different research questions and a separate data analysis to the main study. 

The parent trial, The RSVP Trial (Intravascular device administration sets: Replacement 

after Standard Versus Prolonged use) was a multi-centre, randomised controlled trial of 

equivalence design (Rickard et al., 2015). Adult and paediatric patients with a CVAD or 

peripheral arterial catheter were enrolled from ten hospitals in three Australian states, 

although data from only one participating site was used for the secondary data analysis. 

The decision was made to use the data from the participating site where the PhD student 

was a clinician, as variations in vascular access and infusion therapy would be fully 

understood. The trial included patients receiving PN containing IVFE as well as patients 

not receiving PN, thus providing an available cohort for the purposes of this PhD study. 

The experimental group in the RCT had their IVAS routinely replaced every seven days, 

and the control group every four days and the primary outcome measure was 

intravascular device bloodstream infection.  

Research projects typically generate data with potential utility beyond the specific 

hypotheses and questions that they were designed to address (Cheng & Phillips, 2014). 

Often data are not fully analysed, and therefore analysing this existing dataset provided a 

cost-effective means to test additional specific hypotheses. Pre-existing databases and 

medical records used in this study provided convenient and excellent data sources, 

making data collection both efficient and inexpensive (Mann, 2003). However, as these 

data were collected for other purposes, they were not always complete for the purposes 

required for the PhD research. For example, it would have been interesting to collect data 
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about the grade of mucositis, but this was not possible due to the standardised clinical 

report form used across all the sites that participated in the parent study.  

Phase 3 addressed Research Question 3: What is the influence of PN containing IVFE 

on CRI in patients with CVADs?  

Objectives 

This question was broken down into four specific objectives:  

(1) to compare the clinical, demographic and treatment characteristics of patients 

who received PN containing IVFE to those who received no-IVFE infusions 

via a CVAD;  

(2) to compare the BSI outcomes of patients who received PN containing IVFE to 

those who received no-IVFE infusions via a CVAD;  

(3) to compare microorganisms colonising the blood of patients who received PN 

containing IVFE to those who received no-IVFE infusions via a CVAD; and 

(4) to evaluate whether more frequent IVAS replacement (4- versus 7-day) was 

associated with BSIs in haematopoietic stem cell transplant patients who 

received PN containing IVFE infusions via a CVAD.  

Hypotheses 

(5) There will be significant differences in CVAD, IVAS and patient and 

treatment risk factor data between patients who received PN containing IVFE 

versus those who did not receive IVFE.  

(6) There will be significantly higher rates of BSI outcomes (common 

commensals, LCBI, CLABSI, MBI-LCBI, secondary BSI, CRBSI and CVAD 

tip colonisation) in patients who received PN containing IVFE than those who 

received no-IVFE solutions.  

(7) There will be a difference in species of microorganisms colonising the blood 

from common commensals, LCBI, CLABSI, MBI-LCBI, secondary BSI, 

CRBSI and CVAD tip colonisation of patients receiving PN containing IVFE 

to those receiving no-IVFE infusions.  

(8) There will be no significant difference in the rates of infection outcomes 

(common commensals, LCBI, CLABSI, MBI-LCBI, secondary BSI, CRBSI 
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and CVAD tip colonisation) in haematopoietic stem cell transplant patients 

receiving PN containing IVFE having IVAS replaced every four days 

compared to those having IVAS replaced every seven days.  

Setting 

This study analysed data from patients treated at the RBWH, a 929-bed quaternary 

referral teaching hospital located close to the central business district of Brisbane, a city 

with approximately 2.4 million residents. Between 2011 and 2012, 93,727 patients were 

admitted for care (Queensland Health, 2012). The RBWH is the largest hospital in 

Queensland and provides a range of medical specialties.  

Sampling framework 

Sample and sampling method 

The study used a convenience sampling of all patients enrolled in the parent RCT at 

the RBWH who agreed to their collected information being kept for future infection 

control research.  

Participants and recruitment 

Patients were enrolled in the parent RCT from cancer care, surgical, medical and 

critical care departments from 30 May 2011 until 9 December 2016. All 807 patients 

were in-patients expected to have continuous IV therapy for seven days. Of these patients, 

180 received PN containing IVFE and 627 did not receive PN containing IVFE. Patients 

provided verbal consent after an explanation of the parent trial, provision of written 

information and time to consider and ask questions about the trial (see Appendix E). All 

patients were followed up until 48 hours after their CVAD removal or until discharge 

from hospital with their CVAD in situ.  

Inclusion criteria 

 Informed written or documented verbal consent 

 Patients with CVAD in situ with IVAS 

 CVAD has been in situ < 24 hours 

 CVAD scheduled/expected use for seven days or more 

 Patient enrolled in the parent RCT, The RSVP Trial, at the RBWH (N.B. this is the only 

inclusion criteria for the Phase 3 that is in addition to the original trial).  

Exclusion criteria 
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 Existing LCBI within 48 hours of recruitment 

 CVAD already in situ > 96 hours 

 Original IVAS already replaced 

 Arterial device.  

Sample size and study power 

The statistical power of a study is the ability of a trial to detect a certain degree of 

statistical difference between two measures. Post hoc power analyses have been criticised 

as a means of interpreting negative trials (Levine & Ensom, 2001), but in this study the 

post hoc analysis was required to determine the study power provided by patients 

available from the parent trial.  

Hypothesis 5 and 6 

A post hoc sample size calculation was performed based on observed primary BSI 

outcomes. In the PN containing IVFE group, 46 of the 180 patients (25.6%) and in the 

no-IVFE 97 of the 627 patients (15.5%) had a primary BSI. This study had power of 

75.6% to compare the incidence of primary BSI with an alpha of 0.05 using ClinCal 

(ClinCal LLC). Multiple comparisons were completed, but primary BSI was selected for 

the power calculations. This does not adjust for the multiple comparisons. Because of the 

sample size available for this analysis, it was anticipated that the results would be 

hypothesis-raising rather than testing.  

Hypothesis 7 

This was a convenience sample of patients who had a positive blood culture during 

the dwell of their CVAD which yielded a cohort of 252 patients.  

Hypothesis 8 

This was a convenience sample of patients who required PN containing IVFE 

during their autologous or allogeneic haematopoietic stem cell transplant, which yielded a 

cohort of 122 patients: 64 patients were in the 4-day group and 57 patients in the 7-day 

group. Because of the sample size available for this analysis, it was anticipated that the 

results would be hypothesis-raising rather than testing.  

Comparison of treatment groups 
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Patients were compared as two groups: those who received PN containing IVFE 

during the dwell of their CVAD and those who did not receive IVFE during the dwell of 

their CVAD.  

Variables in the parent trial  

Information regarding age, gender, diagnostic group, concurrent infection, immune 

compromised status and details about CVAD type was collected by research nurses from 

the hospital charts at baseline. Data regarding antibiotic therapy, type of infusate and 

additives, IVAS configuration and hang time was collected at each study visit, which 

occurred every four to seven days dependent upon study allocation. Data was collected 

from the chart, patient and/or clinical staff. CVAD dwell time was calculated on CVAD 

removal. The reason for CVAD and IVAS removal, as well as any protocol deviations, 

was recorded from the patient chart, patient and/or clinical staff. Mortality status was 

collected from the hospital administrative system as alive/deceased status on hospital 

discharge. Microbiological data, including LCBI, CVAD and other cultures taken during 

IVAS use and for 48 hours post removal, was collected at a 48-hour final follow-up on 

the hospital pathology system.  

Variables 

Data for Phase 3 analysis were extracted from the parent trial database and provided 

to the PhD student researcher in a raw .csv (comma separated variable) file which was 

then used to construct a spreadsheet file suitable for the planned analyses. The data 

extracted for the secondary data analysis study was as follows: 

1. PN containing IVFE data (yes/no) 

2. CVAD data (CVAD type, lumen numbers, dwell time) 

3. IVAS data (frequency of IVAS change, number of IVAS, extension tubing) 

4. Patient and treatment risk factor data (age, immune suppression therapy, 

neutropaenia, multiple organ failure, diabetes) 

5. Outcome data (common commensal, LCBI, CLABSI, MBI-LCBI, secondary BSI, 

CRBSI and tip colonisation). 

CVAD insertion and maintenance 

CVADs had been inserted and maintained according to standard hospital policies 

and procedures unless contraindicated. This included insertion under maximal sterile 
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conditions using 2% chlorhexidine gluconate (CHG) in 70% isopropyl alcohol (IPA). 

BIOPATCH® [Johnson & Johnson; Ethicon, New Jersey] chlorhexidine sponges were 

applied at the insertion or exit site under an IV3000 transparent adhesive dressing [Smith 

& Nephew; London]. Peripherally inserted central catheters (PICC) were secured with a 

StatLock® stabilisation device [Bard Medical; Covington]. Tunnelled cuffed CVADs 

were sutured at the exit site, with sutures removed once the cuff had granulated 

(approximately three weeks post-insertion). CVCs were also sutured. CVAD dressings 

were replaced weekly unless soiled or loose using 2% CHG in 70% IPA to decontaminate 

the skin. Totally implanted vascular access devices (TIVADs) had the non-coring needles 

replaced weekly. If the TIVAD was not accessed, it was aspirated and flushed (minimum) 

monthly with 0.9% sodium chloride. Needleless connectors [SmartSite™ needle-free 

valve, BD, Utah] were replaced weekly or as clinically indicated. CVAD hubs (during 

needleless connector replacement) were decontaminated using 2% CHG in 70% IPA and 

allowed to dry. Needleless connectors and needle-free drug ports were decontaminated 

with 70% IPA each time the IVAS or CVAD hub was accessed for the administration of 

IV boluses or infusions. All CVADs were flushed and locked with 0.9% sodium chloride 

using a 10 mL (or larger) syringe. A 5-day course of 70% ethanol was prescribed to 

salvage CVADs in the haematology and haematopoietic stem cell transplant population 

when colonised with Gram-positive bacteria. This instillation of 70% ethanol was 

prescribed if the patients were pancytopaenic, as CVAD removal and re-insertion during 

this time is considered a high-risk procedure.  

IVAS for PN containing IVFE and no-IVFE maintenance 

In the parent trial, patients were randomised to either 4- or 7-day IVAS replacement 

(burette, IV tubing, extension tubing, three-way tap, needleless connector) for 

maintenance and medication infusions, including PN that did not contain IVFE. IVAS for 

blood products and chemotherapy were discarded once the infusion was completed, in 

accordance with hospital procedure. Nutritional requirements were calculated by the 

dietician and prescribed by the medical team. The IVAS of patients requiring PN 

containing IVFE were maintained by ward nurses, not a dedicated PN team. PN 

containing IVFE bags [Baxter; Brisbane] and IVAS were replaced daily. Patients 

prescribed PN routinely received all-in-one PN, with only a minority requiring modular 

PN (typically for hyperlipidaemia). In this situation, the PN containing IVFE bag and 

IVAS were replaced daily, while the 50% glucose and amino acids and associated IVAS 
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were replaced at the randomised IVAS replacement intervals. PN containing IVFE IVAS 

three-way taps and extension tubing were left in place for either four or seven days, 

dependent upon the randomised allocation. No IVAS filters were used. The lumen used to 

administer PN containing IVFE was only accessed for blood culture sampling if the 

CVAD was suspected to be the source of infection; however, routine blood sampling 

from other lumens of the CVAD was common in cancer care. The hospital procedure was 

to administer PN on a dedicated lumen, but patients who had received a haematopoietic 

stem cell transplant had compatible concurrent medications administered via the same 

IVAS. In these cases, the PN containing IVFE was connected to a lumen with compatible 

concurrent medications also administered, such as patient-controlled analgesia (fentanyl, 

morphine or oxycodone), potassium chloride, frusemide or insulin. These medications 

require minimal manipulation. However, non-return valves were used only for patient-

controlled analgesia; therefore, PN containing IVFE could potentially back-flow into the 

other IVAS. As the treatment for haematopoietic stem cell transplant is highly 

protocolised and patients are cared for by nurses experienced in haematopoietic stem cell 

transplant, it was considered suitable to compare the 4- and 7-day group outcomes in this 

population. 
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Figure 4-4 PN containing IVFE back-flowing into other IV tubing. 
  

Three-way tap 

PN containing IVFE IV tubing 
replaced every 24 hours 

PN containing IVFE back-
flowing into other IV tubing 
replaced with IVAS 
replacement every 4- or 7-days 
during the parent trial 

Extension tubing 
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Care when patients developed a temperature greater than 38ºC 

For patients with a temperature higher than 38°C, a septic work-up was undertaken. 

In cancer patients this consisted of aerobic and anaerobic blood cultures taken from a 

peripheral vein and each lumen of the CVAD, a mid-stream urine sample, stool sample (if 

indicated), CVAD site or other wound microscopy culture and sensitivities (if indicated), 

and a chest x-ray. When sampling CVAD lumens for blood cultures, the initial blood 

draw was not discarded. Medical and surgical patients had blood cultures taken from two 

peripheral veins. In the haematology and haematopoietic stem cell transplant population, 

IV antibiotics were commenced within one hour of the onset of raised temperature. 

Oncology, medical and surgical patients had IV antibiotics commenced when blood 

culture results were reported. Research staff were not involved in the decision to take 

cultures, nor in obtaining them.  

CVAD removal  

CVADs were removed at treatment completion or when the patient was discharged 

with the CVAD in situ for use in the out-patient or home setting. In this situation, data 

collection was censored at time of discharge from the in-patient unit. CVADs with 

infective or mechanical complications were removed at the discretion of the medical 

team. Tunnelled CVADs were removed by the medical team. PICCs and non-tunnelled 

CVCs were removed by ward nurses. TIVADs were removed surgically in the operating 

room. All patients were followed up for 48 hours after CVAD removal.  

Outcome measures and definitions 

This study used the CDC NHSN definitions (Centers for Disease Control and 

Prevention, 2018a). The NHSN tracks healthcare-associated infections.  

NHSN classifications 

Common commensal 

If the organism was a common commensal it was the only organism identified. 

Common commensal organisms included, but are not limited to, diphtheroids 

(Corynebacterium spp. not C. diphtheria), Bacillus spp. (not B. anthracis), 

Propionibacterium spp., coagulase-negative Staphylococci (including S. epidermidis), 

viridans group Streptococci, Aerococcus spp., Micrococcus spp. and Rhodococcus spp.  



 

Chapter 4: Research Methodology 94  

Laboratory confirmed bloodstream infection 

In the NHSN, a positive blood culture satisfied the LCBI surveillance definition for 

a primary BSI if (1) it was determined to be healthcare-associated, (2) it is was not related 

to another type of healthcare-associated infection meeting NHSN criteria (i.e., not a 

secondary BSI), and (3) either a common commensal organism (e.g., coagulase-negative 

Staphylococcus species, viridans group Streptococcus spp.) was isolated from a blood 

culture on two occasions in a patient with specified signs/symptoms of BSI or a 

recognised pathogen (e.g., Staphylococcus aureus, Escherichia coli) was isolated from at 

least one blood culture. If the criteria for LCBI was met and the patient had a CVAD in 

place during a specified time frame, then the LCBI was further classified as a CLABSI. 

Central line-associated bloodstream infection 

CLABSI is a laboratory-confirmed bloodstream infection in a patient where the 

CVAD was in place for more than two calendar days (48 hours) on the date of the event, 

with day of CVAD placement being Day 1 and the CVAD was in place on the date of 

event or the day before. If the CVAD was in place for more than two calendar days (48 

hours) and then removed, the CLABSI criteria must be fully met on the day of 

discontinuation or the next day. 

The CLABSI must meet one of the following criteria: 

Criterion 1 

Patient had a recognised pathogen cultured from one or more blood cultures and 

organism cultured from blood was not related to an infection at another site. 

Criterion 2 

Patient had at least one of the following signs or symptoms: fever (> 38°C), chills, 

or hypotension and organism cultured from blood was not related to an infection at 

another site and the same (matching) potential contaminant organism was cultured from 

two or more blood cultures drawn on separate occasions. Criterion elements must occur 

within a timeframe that did not exceed a gap of one calendar day (24 hours) between any 

two elements (e.g., positive blood cultures and fever). The same (matching) potential 

contaminant organisms represented a single element. The collection date of the first 

positive blood culture was used to determine the date of the event. 

Mucosal barrier injury laboratory confirmed bloodstream infection  
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A healthcare-associated primary BSI (i.e., meeting the NHSN LCBI definition) was 

defined as MBI-LCBI if it (1) resulted from one or more of a group of select organisms 

known to be commensals of the oral cavity or gastrointestinal tract and (2) occurred in a 

patient with certain signs or symptoms compatible with the presence of mucosal barrier 

injury. For a BSI to be classified as MBI-LCBI, both the organism criteria and the patient 

criteria were met. Eligible organisms included Candida species, Enterococcus species, 

Enterobacteriaceae, viridans group Streptococcus species, and certain anaerobes 

(Bacteroides, Clostridium, Fusobacterium, Prevotella, Peptostreptococcus, Veillonella) 

without isolation of additional recognised pathogens or common commensal organisms. 

Additionally, the BSI was required to occur in a patient with either of the following:  

1. An allogeneic haematopoietic stem cell transplant in the past year and one of the 

following documented during the same admission as the positive blood culture: 

a. Grade 3–4 gastrointestinal tract graft versus host disease 

b. Diarrhoea of 1 L or more in a 24-hour period documented within seven 

days prior to or on the day of collection of the positive blood culture 

2. Neutropaenia met one of the following criteria during the seven days prior to 

collection of the positive blood culture: 

a. Absolute neutrophil count (ANC) or total white blood cell count (WBC) 

less than 500 per mL of blood on at least two occasions without an ANC 

of 500 of greater 

b. At least one ANC or WBC less than 100 per mL of blood. 

Secondary BSI 

There were only two scenarios in which a BSI could be deemed secondary to 

another site-specific infection for NHSN reporting purposes: 

a. The blood culture and primary site-specific infection culture (used to meet the 

primary infection criteria) had at least one matching organism, AND the collection date of 

the blood specimen was within the primary site-specific infections secondary BSI 

attribution period (Scenario 1) 

OR 

b. The blood culture was an element used to meet the site-specific infection 

criterion with a collection date in the infection window period (Scenario 2). 
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Non-NHSN classifications 

Catheter-related bloodstream infection 

A definitive diagnosis of CRBSI required that the same organism be grown from at 

least one percutaneous blood culture and from a culture of the CVAD tip, or that two 

blood samples were drawn (one from a CVAD hub and the other from a peripheral vein) 

that, when cultured, met the CRBSI criteria for quantitative blood cultures or differential 

time to positivity (DTP). For DTP, growth of microbes from a blood sample drawn from 

a CVAD hub at least two hours before microbial growth was detected in a blood sample 

obtained from a peripheral vein (Mermel et al., 2009). Alternatively, two quantitative 

blood cultures of samples obtained through two CVAD lumens in which the colony count 

for the blood sample drawn through one lumen was at least 3-fold greater than the colony 

count for the blood sample obtained from the second lumen should be considered to 

indicate possible CRBSI (Mermel et al., 2009).  

Catheter tip colonisation 

Catheter-tip colonisation was diagnosed in the absence of any clinical signs of 

infection at the insertion site of the CVAD, and with growth of microorganisms according 

to precise criteria from a quantitative (vortex) technique (Brun-Buisson et al., 1987), 

sonication technique (Sherertz et al., 1990) or semi-quantitative cultures (roll-plate 

technique (Maki et al., 1977) of the CVAD tip, subcutaneous CVAD segment, or CVAD 

hub (Eggimann, Sax, & Pittet, 2004; Mermel et al., 2001).  

Data management 

The data collected for the parent RCT were entered directly into a Microsoft 

Access® database and subsequently REDCap electronic data capture tools hosted at 

Griffith University in a re-identifiable manner (Harris et al., 2009). REDCap (Research 

Electronic Data Capture) is a secure, web-based application designed to support data 

capture for research studies, providing: (1) an intuitive interface for validated data entry; 

(2) audit trails for tracking data manipulation and export procedures; (3) automated export 

procedures for seamless data downloads to common statistical packages; and (4) 

procedures for importing data from external sources (Harris et al., 2009). Data cleaning 

was performed to ensure validity, completeness, consistency and uniformity. The two 

databases were merged and exported to IBM SPSS Statistics for Windows, Version 23.0 

(Armonk, NY: IBM Corp).  
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Date variables were checked for accuracy when calculating time variables (e.g., 

calculating days between two date variables) by assessing for incorrect values (negative 

numbers) and the range and lowest and highest values in the time variables. Any 

inaccurate or missing data were corrected by revisiting the electronic clinical report form 

or the medical records if needed. In the case of missing data, a clinical judgement was 

agreed upon.  

Data analysis  

Descriptive statistics were computed for all variables for data cleaning purposes. 

Categorical variables were assessed for invalid values. For continuous variables, the range 

and lowest and highest values were assessed. 

Hypothesis 5 and 6 

Patient data was tabulated into two groups: those who received PN containing IVFE 

during their admission and those who did not. The baseline demographic data of these 

two groups, including underlying diagnosis, as well as clinical risk, such as immune 

compromised status, type of CVAD and number of CVAD lumens, were presented 

descriptively as frequencies and percentages. Outcomes were compared using Fisher’s 

exact test for PN containing IVFE versus no-IVFE patients for LCBI, IVAS and tip 

culture, as well as CRBSI, CLABSI and MBI-LCBI. Relative incidence rates of CRBSI 

and colonisation per 100 devices and per 1,000 device days (95% confidence interval 

(CI)) summarised the impact of PN containing IVFE. Kaplan-Meier survival curves were 

used to display the variation in CLABSI, MBI-LCBI and CRSBI outcomes over time 

between groups (PN containing IVFE /no-IVFE). P-values of 0.05 were considered 

statistically significant.  

Hypothesis 7 

Data was tabulated to compare the organisms, and organism CFU identified from 

two groups of patients: those receiving PN containing IVFE and those not receiving PN 

containing IVFE. Organisms were grouped as per infection classification (common 

commensal—central, peripheral and not documented; primary BSI—CLABSI and MBI-

LCBI; secondary BSI; CVAD tip growth < 15 CFU and growth > 15 CFU).  

Hypothesis 8 

This analysis was limited to only (i) haematopoietic stem cell transplant patients, 

and (ii) those who received PN containing IVFE during admission. The data was used to 
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construct two groups: those patients randomised to the 4- and 7-day IVAS replacement 

groups. Outcome data was extracted including LCBI, CRBSI, CLABSI, IVAS and tip 

colonisation, and these were compared between study groups using Fisher’s exact test. 

Incidence rates and incidence rate ratios of MBI-LCBI, CRBSI and CLABSI per 1,000 

device days (95% confidence interval (CI)) summarised the impact of IVAS replacement 

frequency on outcomes. As a preliminary exercise, trends were assessed and data 

analysed using Kaplan-Meier curves to test the following hypothesis, with a p-value of 

0.05 considered significant.  

Precision 

This study had unbalanced groups: 180 in the PN containing IVFE group and 627 in 

the no-IVFE group. It was estimated that approximately 20% of the sample would receive 

PN containing IVFE. This 1:4 ratio was based on the proportion of patients who require 

PN containing IVFE on the haematology unit, the largest group of patients represented in 

this study.  

Validity 

Observational studies draw inferences about the effect of an exposure on patients 

(Carlson & Morrison, 2009). Group assignment is observed not manipulated (Carlson & 

Morrison, 2009). This is an acknowledged limitation of the method since patients were 

not randomised to receive PN including IVFE or not. PN is reserved for patients with 

altered metabolic requirements. Therefore, this selection bias was acknowledged when 

analysing infection outcomes in patients who received PN containing IVFE with those 

who did not receive PN containing IVFE. Consequently, data regarding the number of 

IVAS hanging, types of IV medications and the number of additional vascular access 

devices were collected and reported across both groups.  

It is also recognised that the findings of a secondary analysis of a RCT study dataset 

do not provide evidence of cause and effect (Mann, 2003). However, the data was 

collected in a standardised manner, which permitted comparisons over time. Additionally, 

microbiology, investigative and diagnostic tests were carried out by hospital personnel in 

a standardised approach. The opportunity for observer bias was thereby diminished 

(Mann, 2003). It is, therefore, important to consider alternative explanations for study 

results. In this study, patients were exposed or not exposed to PN containing IVFE and 

then evaluated for the development of an infective outcome.  
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All patients with a temperature > 38°C had a blood culture collected as standard 

hospital procedure. Blood cultures were repeated when the temperature was one degree 

above the temperature at which the last blood cultures were taken or every 72 hours if the 

temperature did not rise a degree above. Patients receiving steroids had surveillance blood 

cultures taken twice a week. This may introduce a detection bias and may provide an 

explanation for the increased number of positive blood cultures in the IVFE group.  

Internal validity 

Internal validity may be compromised by having a control group that is not 

comparable to the exposed group in measurable and unmeasurable ways (Carlson & 

Morrison, 2009). There were differences between the groups. Patients with PN containing 

IVFE had their CVADs in situ for longer, had more IVAS attached to their CVAD and 

required more IV medications, which indicated a higher acuity. Results from previous 

studies and a clinician’s viewpoint would expect PN containing IVFE patients to have 

more CRIs. No previous studies have accounted for MBI-LCBI.  

External validity 

This is the first study to consider MBI-LCBI in an observational study comparing 

PN containing IVFE and no-IVFE patients. This study drew its sample from a single 

centre. It therefore needs to be replicated in other populations before external validity can 

be guaranteed.  

Reliability 

Reliability defines the degree of consistency of a measure. Two specific areas were 

considered:  

Diagnosis of infection outcomes 

A research nurse assembled re-identifiable data based on microbiological and 

clinical results for every patient that had a positive blood culture. Diagnoses of infection 

outcomes were assessed by an Infectious Diseases Consultant who was blinded to the 

treatment groups using the outcomes measures outlined above to ensure consistency in 

the assessment of infection outcomes. Blinding of the outcome assessors was particularly 

important in this RCT as participants, clinical staff and research nurses were aware of the 

treatment allocation. Primary BSIs are used as surveillance definitions compared to 

CRBSI, which is a more rigorous definition used in research.  

CVAD insertion and management 
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As described in the section above, CVAD insertion and maintenance were 

performed by clinical staff according to the standard hospital policies and procedures 

unless contraindicated. The research nurses visited the enrolled patients on the day of 

their planned IVAS replacement. This was a pragmatic trial and all protocol deviations 

were documented. These violations would have minimal impact on the secondary data 

analysis as they were related to frequency of IVAS replacement. This would impact 

Objective 4 which involved a small subset of allogeneic haematopoietic stem cell 

transplant patients.  

Ethical considerations 

Phase 3 analysed in-patient data collected prospectively from 807 patients sourced 

from a clinical trial, using methods and addressing questions not included in the trial. 

Permission was granted by the study chief investigator and the Queensland Children’s 

Health Services and Griffith University HRECs for the secondary data analysis to be 

conducted (see Appendices J, K and L). The PhD student was a co-investigator on The 

RSVP Trial.  

The ethical approvals for the parent trial, The RSVP Trial, were outlined in Phase 1. 

This approval allowed for data collection from clinical charts and microbiological 

analysis of IVAS and CVADs. Patients’ informed consent was obtained at the time of the 

parent trial to use the data collected for additional studies related to infection prevention 

and vascular access (Appendix E). No patient was approached directly by the PhD student 

during this study, and there was no added burden to them for additional data collection or 

procedures. Thus, there was no direct risk to patients as this was a secondary data analysis 

of an RCT and the motivation was that future patients might benefit because of the 

research. Participant confidentiality was ensured, and anonymity was guaranteed by using 

only study-assigned identifiers. Participant data collected was potentially re-identifiable, 

but the master list for re-identification was held by the parent trial chief investigators, not 

the PhD student. Each participant was allocated a study number on The RSVP Trial 

database kept in accordance with the National Statement on Ethical Conduct in Human 

Research (2007). Only aggregated data is included in Chapter 6. The Phase 3 publication 

in Chapter 6 will be submitted for publication once The RSVP Trial manuscript has been 

accepted for publication. Data is stored according to National Health & Medical Research 

Council guidelines (2011). All data will be stored securely in a password-protected 
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computer or in a locked filing cupboard if in hard copy for 15 years and then destroyed 

confidentially as per national requirements.  

4.7 CHAPTER SUMMARY 

This chapter has described the overall methods and underlying conceptual and 

theoretical frameworks for the conduct of the PhD research. The three phases of the 

research have been described including their associated objectives and methods, while 

acknowledging that some unavoidable replication of the methods is contained in the 

publication in Chapter 5 and the publication ready for submission in Chapter 6. These 

phases together provided answers to the overall research questions and achieved the aim 

of determining the effect of PN containing IVFE on microbial growth and infection risk 

in patients with CVADs. In total, the work described here was designed to substantially 

contribute to the body of knowledge for nursing care, and infection prevention for 

patients receiving PN. Chapter 5 will next present the results of Phases 1 and 2.  
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Chapter 5: Results and analysis, Phases 1 & 2 

5.1 STATEMENT OF CONTRIBUTION TO CO-AUTHORED PUBLISHED 
MANUSCRIPT 

This chapter includes a co-authored manuscript. My contribution to the manuscript 

involved conceptualising and designing the study; undertaking experiments; data 

collection; data cleaning; data extraction; carrying out the initial analysis; and drafting 

and finalising the manuscript. The bibliographic details of the co-authored manuscript 

are:  

Gavin, N. C., McMillan, D., Keogh, S., Choudhury, M. A., Ray-Barruel, G. & Rickard, 

C. M. (2018). Pre-clinical laboratory experiments and a dynamic laboratory model 

to investigate the effect of hang time of intravenous administration sets for the 

delivery of parenteral nutrition containing intravenous fat emulsions on the risk of 

fluid colonisation. Journal of Parenteral and Enteral Nutrition, 42(6), 987–997. 

doi:10.1002/jpen.1039. Reproduced with permission © 2018 The American Society 

for Parenteral and Enteral Nutrition (see Appendix B). 

The Journal of Parenteral and Enteral Nutrition (JPEN) is the journal for the 

American Society of Parenteral and Enteral Nutrition. JPEN has a 2016 Impact Factor of 

4.22 and is ranked 15/81 journals in the subject category of Nutrition and Dietetics (ISI 
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5.2 CHAPTER INTRODUCTION 

This chapter presents Phases 1 and 2—the laboratory experiments. An incremental 

bench-to-bedside approach was required to understand the influence of PN on 

microorganism growth and infection risk. The objective of Phase 1 was to measure the 

growth of microorganisms in PN and non-PN solutions. This work informed the 

microorganisms and solutions used in the IVAS model that investigated the effect of 

duration of IVAS use for PN. Phase 2 was an important step in understanding how 

microorganisms grew in a dynamic model that simulated the administration of continuous 

fluids over time. This chapter address the following research questions: 

Research Question 1 

What is the effect of PN, all components and combinations, compared to other IV 

fluids on microbial growth?  

Research Question 2 

Is more frequent IVAS replacement necessary for PN containing IVFE, compared to 

other IV solutions?  
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5.3 PUBLICATION III 

5.3.1 Effect of Delaying Replacement of Parenteral Nutrition Intravenous 

Administration Sets: Preclinical Experiments and a Dynamic Laboratory 

Model of Microbial Colonization 

5.3.2  Abstract 

Background 

Recommendations prescribe daily intravenous administration set (IVAS) 

replacement for parenteral nutrition (PN) comprising intravenous fat emulsions (IVFE) 

due to risk of microorganism growth and resultant central line-associated bloodstream 

infections (CLABSIs), but system disconnection for this practice may allow 

contamination and CLABSIs.  

 Materials and methods 

Laboratory experiments and model development to simulate PN administration 

after contamination from healthcare workers’ hands. This study observed the growth of 

microorganisms known to cause CLABSIs in a variety of PN and other IV fluids and 

developed a model to investigate the effect of delaying IVAS replacement for up to seven 

days.  

 Results 

Microorganisms grew at different rates and were affected by solution type. In 

static experiments, growth was supported in IVFE and all-in-one PN, but suppressed in 

50% glucose. Growth patterns were consistent over time for Staphylococcus epidermidis, 

Staphylococcus aureus, and Candida albicans in PN containing IVFE, all-in-one PN and 

0.9% sodium chloride in both static and dynamic experiments. C. albicans grew 

exponentially to clinically significant numbers in all-in-one PN and IVFE IVAS after 30 

hours, but negligible growth of S. epidermidis or S. aureus occurred for seven days.  

 Conclusion 

All-in-one PN and IVFE support the C. albicans growth after minimal initial 

contamination, with microorganisms migrating from the fluid bag to the central venous 

access device. Improved aseptic non-touch technique during clinical practice is vital to 
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prevent contamination. Daily IVAS replacement for all-in-one PN and PN containing 

IVFE should continue until the safety of prolonging IVAS replacement is confirmed by 

randomized trials.  

5.3.3  Keywords 

Administration, Intravenous; Catheterization, Central Venous; Catheter-Related 

Infections; Central Venous Catheters; Laboratory Research; Parenteral Nutrition; 

Vascular Access Devices.  

5.3.4 Clinical relevancy statement  

Poor hand hygiene and aseptic non-touch technique may contribute to central line-

associated bloodstream infections. We are challenging the age-old belief that all-in-one 

parenteral nutrition or intravenous fat emulsions increase infection risk over other fluids. 

These laboratory findings are a first step to examining whether daily intravenous 

administration set replacement may be putting our patients at more risk.  

5.3.5  Introduction 

Vascular access devices (VAD) are ubiquitous in healthcare. They enable the 

continuous infusion of parenteral nutrition (PN), intravenous (IV) fluids and medications 

and blood sampling, all infused through an intravenous administration set (IVAS). 

However, VADs and IVASs are major risk factors for hospital-acquired infections. 

Approximately a half of all Staphylococcus aureus bacteremias are associated with VADs 

(Dendle et al., 2009; Murdoch et al., 2017). The highest bloodstream infection (BSI) 

incidences are in patients with central venous access devices (CVADs), commonly used 

for the delivery of PN. Approximately 1.3–26.2% of patients receiving PN will develop a 

BSI (Opilla, 2008).  

As a result of their association with BSI, CVADs and IVAS used for the delivery of 

PN have unique management protocols. These protocols recommend that PN containing 

intravenous fat emulsions (IVFE) be administered through a designated single-lumen 

CVAD, and that IVASs be replaced every 24 hours (Loveday et al., 2014; Mirtallo et al., 

2004; Pittiruti et al., 2009). This is based on nonanalytic studies and expert opinion. In 

contrast, IVAS not used for PN containing IVFE or blood products, such as 50% glucose 

and amino acid solutions, should be replaced no more frequently than every 96 hours 
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(Loveday et al., 2014; O'Grady et al., 2011). This recommendation is supported by a 

Cochrane Review (Ullman, Cooke, Gillies, Marsh, Daud, McGrail et al., 2013). 

IVAS typically consists of tubing, fluid bags, burettes, extension sets, three-way 

taps and needleless connectors. These components are packaged separately and need to be 

assembled by hand at each IVAS replacement. Extrinsic contamination of the 

intraluminal VAD and IVAS may also occur during routine clinical practice and patient 

care due to poor hand hygiene and/or inadequate decontamination of the IVAS 

(Alexander, Corrigan, Gorski, Hankins, & Perucca, 2011). Contaminants may be 

microorganisms present on the patient, healthcare workers or the environment (World 

Health Organisation, 2009). If microorganisms enter an IVAS, they may attach to and 

colonize the internal (intraluminal) surfaces, establishing a biofilm. Biofilms are a 

complex microecology that exhibit surface attachment, the development of an 

extracellular polymeric substance that provides an ideal environment for the exchange of 

genetic material and cell dispersal or detachment (Donlan, 2002). This biofilm may then 

act as a seed for catheter line-associated bloodstream infection (CLABSI). Alternatively, 

the microorganisms may migrate through the IVAS into the VAD and enter the 

bloodstream directly.  

Although current recommendations prescribe daily IVAS replacement for PN 

containing IVFE delivery, the handling of an IVAS for this procedure may itself be a 

contributor to CLABSI. IVAS replacement requires manipulation at the lumen hub 

closest to the bloodstream. If aseptic non-touch technique is poor, then the daily PN IVAS 

replacement may cause hub contamination and, in turn, intraluminal contamination of the 

CVAD (Sitges-Serra et al., 1985; Sitges-Serra et al., 1984). The total number of colony 

forming units (CFU) recovered from five fingertips ranges from 0 to 300 CFU (Pittet et 

al., 1999). The average number of viable bacteria colonies transferred from ungloved 

fingertips ranges from 4 to 20 CFU per minute during skin contact, direct patient contact, 

blood sampling and IV injection or care (Pittet et al., 1999). With increasing rates of 

hospital-acquired infections in clinical settings and an increase in the use of VADs, 

including CVADs, it is imperative that risk factors associated with CLABSI and the 

methods used to reduce these risks be identified and evaluated. 

Laboratory experiments and models can be the first step to answering a clinical 

problem that involves a host-pathogen response. Previous researchers have developed 

laboratory models to simulate PN administration (Merlino et al., 1988; Mershon et al., 
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1986); however, none have investigated the effect of touch contamination from healthcare 

workers’ hands on microorganism growth in fluids over time. Merlino and colleagues 

(1988) simulated a 9-hour contaminated PN infusion for three days and found that all 

organisms grew exponentially, a period defined by cell doubling, otherwise known as the 

logarithmic phase. However, extremely high numbers of organisms were used for 

contamination, which likely does not generalize to contamination from the hands of 

healthcare workers. Mershon and colleagues (1986) developed a model using fewer 

colonies and simulated PN infusion for three days. This study did not use a control 

solution but, rather, varied the concentration of glucose. The authors found that a 0.22 

µM filter effectively removed Staphylococcus epidermidis, Escherichia coli and Candida 

albicans from contaminated PN. Current infection control and PN guidelines (Mirtallo et 

al., 2004; O'Grady et al., 2011; Pittiruti et al., 2009) do not recommend filters to be used 

solely for CLABSI prevention; thus, research using nonfiltered models is also an 

important gap. However, filters are effective at eliminating or reducing the infusion of 

particulates, microprecipitates, microorganisms, pyrogens and air (Mirtallo et al., 2004).  

In the past 30 years, there have been many changes to PN manufacturing, the 

materials used in CVADs and IVAS components, understanding of the pathogenesis of 

CLABSI, and the host–pathogen interaction. In previous laboratory studies (Merlino et 

al., 1988; Mershon et al., 1986), PN was prepared daily by the hospital pharmacy under 

sterile conditions in a laminar flow cabinet. PN is available commercially manufactured 

in an all-in-one bag or in separate component infusions (glucose, IVFE and amino acids). 

Thibault and Pichard (2010) reviewed the safety of nutrition support in intensive care 

units and highlighted that the advances made in commercially available all-in-one PN 

solutions mean that studies performed pre-1990 did not reflect current practice. In 1991, 

needleless connectors were introduced to IVAS to reduce needle-stick injuries, but in 

some cases they have been associated with increased catheter-related bloodstream 

infections and CLABSI (Moureau & Flynn, 2015).  

In this article, we describe laboratory experiments including a dynamic model to 

simulate PN administration and contamination from healthcare workers’ hands. In the 

first instance, the growth properties of pathogens known to cause CLABSI were observed 

in commonly used hospital IV solutions, including all the component parts of PN. A 

model was then used specifically to explore the growth properties of pathogens in the 
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solution bags and IVASs and whether this was influenced by the duration of IVAS use to 

understand the likely efficacy of current 24-hour replacement policies.  

5.3.6  Materials and methods 

Design 

This study included preclinical laboratory experiments and dynamic IVAS model 

development to simulate PN administration and contamination from healthcare workers’ 

hands and the effect over time. The microorganisms used were derived from patients, not 

laboratory reference strains; therefore, initial growth curve experiments were undertaken 

to establish a baseline for growth.  

 Aims 

This study aimed to: (1) to observe the growth of microorganisms known to cause 

CLABSI in a variety of PN solutions and other IV fluids and (2) develop an IVAS model 

to investigate the effect of the duration of IVAS use on microorganism growth.  

 Hypotheses 

It was hypothesized that: (1) the microorganisms tested would grow at different 

rates; (2) the growth of microorganisms would vary in different solutions; (3) if the 

previous hypotheses were correct, it was conjectured that the microorganisms would 

follow that same growth trajectory in the IVAS model when compared to the static 

experiments; and (4) growth at the distal needleless connector of the IVAS model in the 

first 24 hours would be representative of the subsequent days’ growth.  

 Microbiological strains 

Bacterial isolates representing three species (S. aureus, S. epidermidis, 

Streptococcus pyogenes and Pseudomonas aeruginosa) were used in addition to C. 

albicans. The isolates were obtained from a biobank of specimens collected from patients 

at the Royal Brisbane and Women’s Hospital (Queensland, Australia). These bacterial 

species were chosen because they represent species commonly responsible for CLABSI. 

The isolates were grown on the appropriate agars: S. aureus, S. epidermidis and S. 

pyogenes were initially grown on horse blood agar plates (Oxoid, Inc. [Ottawa, Ontario] 

blood agar base; product number CM0055 and Equicell defibrinated horse blood; product 

number E-HBD); P. aeruginosa on cetrimide agar (Oxoid pseudomonas cetrimide agar; 

product number CM0579); and C. albicans on Sabouraud dextrose agar (Oxoid 

Sabouraud dextrose agar; product number CM0041).  
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Phase 1. Microorganism growth in PN and other intravenous therapy solutions  

The growth of all microorganisms was assessed in six solutions representing PN 

and/or its component parts and four control solutions. After growing overnight, one 

colony of each species was transferred to 5 mL of pre-warmed TSB (Becton Dickinson 

[Franklin Lakes, NJ] Bacto tryptic soy broth without dextrose; product number 286220) 

and incubated at 37°C overnight at 200 revolutions per minute (RPM). The next day, the 

suspensions were centrifuged at 3,000 RPM, the supernatant removed and the pellet 

washed in 5 mL of phosphate buffered saline (PBS) (Invitrogen [Carlsbad, CA], product 

number 003002). After a second washing, microorganisms were resuspended in 20 mL of 

phosphate buffered saline. Of this suspension, 1 mL was inoculated into 20 mL of the 

following pre-warmed solutions; TSB; 0.9% sodium chloride (Baxter International, Inc. 

[Deerfield, IL] sodium chloride 0.9%; product number AHB1324); 5% glucose (B. Braun 

[Melsungen, Germany] 5% glucose IV infusion British Pharmacopoeia (BP); product 

number AUST R 49332); sterile water (Baxter water for injections BP; product number 

AHB0304); all-in-one PN (Baxter QH Central Parenteral Nutrition + Calcium; product 

number TCB-50-CA); IVFE (Baxter Clinoleic 20%; product number FDB89503B); 

amino acids with electrolytes (Baxter Synthamin 17 [amino acid 10%]; IV infusion with 

electrolytes (product number AHA6921); amino acids without electrolytes (Baxter 

Synthamin 17 [amino acid 10%]); IV infusion without electrolytes (product number 

AHA6920); 50% glucose (Baxter 50% glucose IV infusion BP; product number 

AHB0253); and amino acids with electrolytes plus 50% glucose.  

The suspensions were incubated for 24 hours at room temperature (23–25°C) in 

static conditions to represent solutions hanging on a pole at the patient’s bedside. Aliquots 

were recovered at 0, 4, 8 and 24 hours, serially diluted, plated onto appropriate agar and 

incubated overnight. The total CFU at each time point was then determined for each 

species in each solution. Data are presented as the percentage change in growth compared 

to CFU recovered at 0 hours. All experiments were undertaken in duplicate.  

 Phase 2. Development of a dynamic model of IVAS contamination  

This experiment was designed to contaminate the fluid bags with a clinically 

relevant number of colonies informed by the results of the Phase 1 experiment. The 

model was intended for use with low numbers of microorganisms, mimicking the 

numbers of organisms observed by contamination from healthcare workers’ hands. Fewer 

than 100 colonies were used to contaminate the fluid bag in each experiment.  
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The dynamic IVAS model developed here consisted of the fluid bag, IV tubing 

(B Braun Infusomat Space Line; product number 8700110SP), three-way tap (B Braun 

Discofix C; product number 14/1892047) and needleless connectors (CareFusion [San 

Diego, CA] Needle-Free Value; product number 14115115) set up as per normal hospital 

practice for the continuous delivery of IV fluids and solutions (See Figure 4-1: IVAS 

model). To collect microorganisms migrating down the tubing, the distal end of the IVAS 

model passed through a sterile bored bung into a sterile conical flask. In the clinical 

setting, the needleless connector at the distal end of the model would connect to the 

patient’s CVAD. Fluid bags used in the IVAS model contained all-in-one PN, IVFE, or 

sodium chloride. For contamination experiments, 30 mL of fluid was removed from the 

fluid bag via the drug port #1 (see Figure 5-1: IVAS model) using the aseptic non-touch 

technique, and 100 µL of bacterial or fungal suspension containing < 100 CFU inoculated 

into the bag via the same drug port. This drug port was then flushed with 30 mL of fluid. 

After letting the bag rest for one hour, it was connected to the IVAS, the IVAS was 

primed and an IV pump (B Braun Infusomat Space; product number 8713070) delivered 

the contents of the fluid bag for 24 hours. The model fully replicated fluid flow rates and 

bag and component changes as carried out in clinical settings. IVFE were delivered at 20 

mL/hour; the PN and the 0.9% sodium chloride were delivered at 40 mL/hour. The IVAS 

remained in place for up to seven days with fluid bags replaced only when empty and 

using the aseptic non-touch technique. Aliquots of 1 mL were collected from drug port #1 

at 0, 2, 6, 24 and 26 hours to ascertain growth in the fluid bags. The aliquot at 26 hours 

was to establish the sterility of the new fluid bag being connected to the existing IVAS. 

Aliquots of 1 mL were collected from the needleless connector on the distal end of the 

three-way tap at 0, 2, 6 and 24 hours after initial contamination. The samples were also 

collected at 2, 6 and 24 hours after the bag replacement. These samples were collected to 

determine the migration of microorganisms from the solution to the distal needleless 

connector. These samples were centrifuged, the supernatant was removed and the pellet 

was resuspended in 100 µL of phosphate buffered saline. The suspension was 

subsequently plated onto horse blood agar or Sabouraud dextrose agar and incubated 

overnight at 37°C and CFU determined. All experiments were undertaken in duplicate.  
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Figure 5-1 Illustration representing the IVAS Model. 
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Ethical and safety considerations.  

This study was approved by the Human Research Ethics Committee of the 

Children’s Health Services Queensland HREC/13/QRCH/185/AM13 (Appendix K) and 

Griffith University, Brisbane NRS-41-14-HREC (Appendix L). There was no direct 

patient involvement in this study. 

5.3.7 Results 

Phase 1. Growth of microorganisms in the presence of PN and control solutions  

The growth rates for the five microorganisms in PN and other solutions are 

presented in Figure 5-2 [A: S. aureus; B: S. epidermidis; C: P. aeruginosa; D: S. 

pyogenes; and E: C. albicans]. All microorganisms entered the logarithmic phase when 

grown in TSB (data not shown). In contrast, all microorganisms except for S. aureus were 

nonviable in 50% glucose. S. aureus also grew in both IVFE and all-in-one PN. C. 

albicans entered the logarithmic phase in all solutions tested except 50% glucose, where 

cell death occurred within four hours. P. aeruginosa entered the logarithmic phase in 

IVFE. S. epidermidis, S. aureus, S. pyogenes and P. aeruginosa survived in all other 

solutions, but growth was suppressed.  
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Figure 5-2 Growth of microorganisms in static experiments. 
  

Staphylococcus aureus Staphylococcus epidermidis 

Streptococcus pyogenes Pseudomonas aeruginosa 

Candida albicans 
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Phase 2. IVAS model  

Number of colonies counted at drug port #1 in first 24 hours.  

No colonies of S. epidermidis, S. aureus or C. albicans were observed from drug 

port #1 in the first 24 hours in the sodium chloride 0.9% solution. However, these three 

microorganisms were present in the cultures from the all-in-one PN and IVFE solution at 

drug port #1 within the first 24 hours. See Tables 5-1, 5-2 and 5-3 for results.  

Number of colonies counted at the distal needleless connector.  

For S. epidermidis, bacteria were observed at the distal needleless connector when 

the IVFE IVAS was first connected, and then at 54 hours in both all-in-one PN and 0.9% 

sodium chloride. No growth was observed from three days until the end of the experiment 

at seven days. For S. aureus, bacteria were detected at 24, 26, 30, 48, 50 and 54 hours in 

IVFE. No growth was observed in the IVFE from three days until the end of the 

experiment at seven days. No growth at any time point was observed at the distal end of 

the sodium chloride or all-in-one PN tubing. For C. albicans, one colony was grown from 

the IVFE and all-in-one PN tubing at 24 hours. Growth was subsequently observed in the 

IVFE and all-in-one PN at each time point after 48 hours. Growth (34 and 4 colonies) was 

observed in the sodium chloride tubing at 150 and 168 hours (in the seventh day) after six 

days of no growth in one experiment. Refer to Tables 5-1, 5-2 and 5-3 for tabulated 

summary.  
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Table 5-1  

Growth of Staphylococcus epidermidis in IVAS model 
Number of colonies inoculated into IV solution bag at drug port #1  

Experiment 1 51 69 75 82 Dilutions plated out in quadruplicate 
Experiment 2 4 7 8 9 

Number of colonies counted at drug port #1 

Sodium chloride 0.9% All-in-one parenteral nutrition IVFE 
 Hours  Hours  Hours 

0 2 6 24 26 0 2 6 24 26 0 2 6 24 26 
Experiment 1 0 0 0 0 0 Experiment 1 0 0 0 0 0 Experiment 1 0 0 0 3 0 
Experiment 2 0 0 0 0 0 Experiment 2 0 0 1 0 0 Experiment 2 0 0 0 0 0 

Number of colonies counted at distal needleless connector 

 Hours 
0 2 6 24 26 30 48 50 54 72 74 78 96 98 102 120 122 126 144 146 150 168 

Sodium chloride 0.9% 
Experiment 1 - - - - - - - - 1 - - - - - - - - - - - - - 
Experiment 2 - - - - - - - - - - - - - - - - - - - - - - 
All-in-one parenteral nutrition 
Experiment 1 - - - - - - - - 1 - - - - - - - - - - - - - 
Experiment 2 - - - - - - - - - - - - - - - - - - - - - - 
IVFE 
Experiment 1 2 - - - - - - - - - - - - - - - - - - - - - 
Experiment 2 - - - - - - - - - - - - - - - - - - - - - - 

Note: _ = no colonies counted on agar 
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Table 5-2  

Growth of Staphylococcus aureus in IVAS model 
Number of colonies inoculated into IV solution bag at drug port #1  

Experiment 1 27 33 34 34 Dilutions plated out in quadruplicate 
Experiment 2 2 4 6 7 

Number of 
colonies 

counted at 
drug port #1 

Number of colonies counted at drug port #1 

Sodium chloride 0.9% All-in-one parenteral nutrition IVFE 
 Hours  Hours  Hours 

0 2 6 24 26 0 2 6 24 26 0 2 6 24 26 
Experiment 1 0 0 0 0 0 Experiment 1 0 0 0 0 0 Experiment 1 0 0 0 29 0 
Experiment 2 0 0 0 0 0 Experiment 2 2 0 0 0 0 Experiment 2 0 0 0 4 0 

Number of colonies counted at distal needleless connector 

 Hours 
0 2 6 24 26 30 48 50 54 72 74 78 96 98 102 120 122 126 144 146 150 168 

Sodium chloride 0.9% 
Experiment 1 - - - - - - - - - - - - - - - - - - - - - - 
Experiment 2 - - - - - - - - - - - - - - - - - - - - - - 
All-in-one parenteral nutrition 
Experiment 1 - - - - - - - - - - - - - - - - - - - - - - 
Experiment 2 - - - - - - - - - - - - - - - - - - - - - - 
IVFE 
Experiment 1 - - - 7 5 5 - 5 - - - - - - - - - - - - - - 
Experiment 2 - - - - 6 - - 3 1 - - - - - - - - - - - - - 

Note: _ = no colonies counted on agar 
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Table 5-3  

Growth of Candida albicans in IVAS model 
Number of colonies inoculated into IV solution bag at drug port #1  

Experiment 1 12 15 16 20 Dilutions plated out in quadruplicate 
Experiment 2 5 7 8 13 

Number of colonies counted at drug port #1 

Sodium chloride 0.9% All-in-one parenteral nutrition IVFE 
 Hours  Hours  Hours 

0 2 6 24 26 0 2 6 24 26 0 2 6 24 26 
Experiment 1 0 0 0 0 0 Experiment 1 0 0 0 0 0 Experiment 1 0 0 0 253 0 
Experiment 2 0 0 0 0 0 Experiment 2 0 0 0 1 0 Experiment 2 0 0 0 58 0 

Number of colonies counted at distal needleless connector 

 Hours 
0 2 6 24 26 30 48 50 54 72 74 78 96 98 102 120 122 126 144 146 150 168 

Sodium chloride 0.9% 
Experiment 1 - - - - - - - - - - - - - - - - - - - - - - 
Experiment 2 - - - - - - - - - - - - - - - - - - - - 34 4 
All-in-one parenteral nutrition 
Experiment 1 - - - - - 2 260 53 253 180 404 820 60 2676 3208 2960 3864 5890 5964 5440 4808 6512 

Experiment 2 - - - 1 - - 140 48 60 694 2288 2760 2984 1004 1716 5568 3312 2136 3956 2640 2430 2720 

IVFE 

Experiment 1 - - - - 1 5 90 32 157 22 600 1736 1696 481 103 681 2056 1228 5128 1052 13 2008 

Experiment 2 - - - 1 - - 34 56 204 161 466 1480 2760 2224 3368 4176 4224 4720 2072 4160 3600 976 

Note: _ = no colonies counted on agar 
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5.3.8 Discussion 

This study observed the growth of a selection of microorganisms known to cause 

CLABSI in a variety of PN solutions and other IV fluids under both static conditions and 

in a dynamic IVAS model. Quality controls were demonstrated with all microorganisms 

entering the logarithmic phase in TSB. As hypothesized, each of the five species tested 

grew at different rates, and growth was affected by the different solutions. In general, 

growth was supported in IVFE and all-in-one PN and suppressed in 50% glucose when 

tested in static conditions. There was consistency in the growth patterns over time of 

S. epidermidis, S. aureus and C. albicans in IVFE, all-in-one PN, and 0.9% sodium 

chloride. This is important because it demonstrates consistency of microorganism growth 

in the static experiments and the dynamic conditions of the IVAS model. In the dynamic 

IVAS model, only one or two colonies of S. epidermidis were observed in all three 

solutions tested in the first three days, and not thereafter; the IVFE promoted S. aureus 

growth up to three days, and not thereafter. However, C. albicans grew exponentially 

after two days in the IVFE and all-in-one PN and this continued until seven days. The 

number of colonies recovered using C. albicans in the model would be clinically 

meaningful and cause a BSI. Our experiments and the IVAS model tested one 

microorganism at a time and therefore may not always reflect the clinical setting, where 

multiple microorganisms may enter solution through staff handling of IVAS. Interactions 

between microorganisms can create a microecology where individual organisms may not 

be able to exist in isolation (Advances in Microbial Ecology, 2013). In addition, this 

IVAS model did not deploy surface conditioning to promote a biofilm but, rather, 

contaminated directly into the IV fluids. Despite these limitations, these results reinforce 

the capacity of PN and its component parts to support and promote the growth of a major 

pathogen (C. albicans). Our results indicate touch contamination of all-in-one PN or 

IVFE IVAS causes minimal growth for up to 30 hours but then exponential and 

potentially harmful growth from two days onward. Our findings support the current 

recommendations that IVASs used to infuse saline and other fluids can be used for longer 

periods, but that IVAS used for PN and IVFE benefit from replacement after 24 hours to 

remove infusions that may have been contaminated in the previous 24-hour period 

(Loveday et al., 2014; O'Grady et al., 2011; Pittiruti et al., 2009; Ullman et al., 2013).  

Skin microbiota is made up of many microorganisms that can be commensals, 

mutualistic (when both organisms benefit from the interaction) or pathogenic. Some 
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microorganisms, such as P. aeruginosa, can inhibit the growth of Staphylococcus and 

Candida but can themselves become pathogenic. Today, most PN is manufactured 

commercially rather than in hospital pharmacies, which has contributed to a reduction in 

infusate colonization and consequently CLABSI (McCleary & Tajchman, 2016; Sriram & 

Meguid, 2015). Therefore, the contaminating pathogens are usually extrinsic to the 

manufacturing processes. Pathogens are present on healthcare workers’ hands, patient 

skin and the environment. Consequently, impeccable infection prevention practices are 

required when handling the IVAS. If this could be guaranteed, clinicians may not need to 

replace IVAS containing IVFE every 24 hours, but unfortunately this is difficult to 

achieve consistently. If hand hygiene and decontamination of needleless connector 

practices are impeccable, then it may be safe to extend the frequency of IVAS 

replacement for PN containing IVFE beyond 24 hours. Infection control, VAD and 

nutrition guidelines could advocate the requirement for increased vigilance in infection 

prevention practices when replacing IVAS for all-in-one PN and IVFE and replacing 

these IVASs when a patient develops signs of sepsis (pyrexia, tachycardia, tachypnoea, 

hypotension, oliguria). Replacing the all-in-one PN and IVFE IVAS, and any additional 

IVAS connected to the same lumen, in this clinical scenario would remove any 

potentially colonized IVASs and prevent further colonization of the CVAD.  

Ullman and colleagues (2013) undertook a Cochrane Review examining the optimal 

timing for IVAS replacement. A total of eight randomized controlled studies were 

reviewed, and five studies adequately described whether participants had received PN to 

undertake a subgroup analysis. Patients receiving PN were more likely to be develop 

catheter-related bloodstream infections if their IVAS were replaced less frequently (risk 

ratio 1.25 (95% CI 0.12–12.91; p = 0.85), although the confidence intervals were wide 

and the comparison underpowered to statistically detect clinically important differences. 

Only one small study (Sitges-Serra et al., 1985) (n = 52) focused solely on patients 

receiving PN, and this was considered at high risk of bias due to lack of description of the 

random sequence generation or allocation concealment methods, and more patients were 

randomized to the experimental group. Our study provides new and valuable data that 

confirms the merit and ethical utility of laboratory studies as an important step prior to 

conducting randomized controlled trials on infection endpoints. We have developed an 

effective dynamic IVAS model that can be used in future infection prevention studies to 
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examine the initial effect of new devices or practices on colonization of the IVAS, CVAD 

and CLABSI risk.  

With regard to other fluids such as sodium chloride, our data suggest even the 

current recommendation for 4- to 7-day IVAS replacement is conservative, and that 

routine replacement could safely occur every seven days because we observed effectively 

no growth over the 7-day experiment. In the Cochrane Review (Ullman et al., 2013), 

there was no statistically significant difference in catheter-related bloodstream infections 

for patients not receiving PN who had their IVAS replaced less frequently (risk ratio 0.65; 

95% CI 0.13–3.23; p = 0.60). Our results are consistent with this lack of effect. We 

believe it is important that an adequately large, good-quality randomized controlled trial 

examines the safety of reducing the frequency of routine IVAS replacement for non-IVFE 

infusions.  

The static experiments and dynamic IVAS model were used to evaluate the likely 

migration of microorganisms in the context of poor hand hygiene and aseptic non-touch 

technique during clinical practice and question the effectiveness of restricting PN 

containing IVFE to 24 hours. This dynamic IVAS model could be developed further to 

incorporate surface conditioning to examine the development of biofilms on the distal 

needleless connector and how this community is disrupted during continuous IV infusion 

and routine flushing. It could not account for additional patient factors, such as immune 

suppression, exposure to antimicrobial therapy or migration from the gastrointestinal tract 

into the bloodstream and to the VAD. There is a need for further research in the clinical 

environment to understand the interplay between PN, poor practice, and patient factors, 

and this would provide robust evidence for clinical practice guidelines. One such clinical 

question that requires answering with definitive evidence is the use of filters in PN 

administration. Such models are vital as it is not possible to undertake these experiments 

in the clinical setting or knowingly expose patients to suboptimal care. This model thus 

provides important evidence on the potential impact of poor hand hygiene and aseptic 

non-touch technique practices by healthcare workers. Research conducted using models 

can inform studies that examine current practice or new techniques and thus provide data 

to safely translate knowledge from the laboratory bench to patient bedside and ultimately 

inform policy and practice.  

We have undertaken experiments under static conditions, then established and 

validated a dynamic IVAS model to evaluate the migration of microorganisms known to 
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cause CLABSI in the context of poor hand hygiene and aseptic non-touch technique 

during clinical practice, particularly with PN and IVFE. We have provided evidence that 

clinicians should follow the current guidelines to replace IVAS containing all-in-one PN 

and IVFE every 24 hours until the safety of prolonging IVAS replacement is confirmed 

by randomized controlled trials. Additional educational campaigns are needed to 

reinforce to healthcare workers and patients the high risk of Candida growth in these 

infusions.   
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5.4 CHAPTER SUMMARY 

This chapter presented the results of Phases 1 and 2. Phase 1 demonstrated that the 

microorganisms tested survived in all IV solutions, with the exception of 50% glucose. A 

noteworthy finding was that S. aureus and S. epidermidis did not grow consistently in any 

of the three solutions in the IVAS model. Therefore, in addressing Research Question 1, 

microorganism growth was influenced by different PN and non-PN solutions. The 

different solutions did not have the same effect on each microorganism tested. 

Furthermore, in answer to Research Question 2, the results from Phase 2 were insufficient 

to determine the safety of extending IVAS replacement for PN containing IVFE. The next 

chapter, Chapter 6, presents the results of Phase 3, prepared as a manuscript for the 

Journal of Parenteral and Enteral Nutrition.  
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Chapter 6: Results and analysis, Phase 3 

6.1 CHAPTER INTRODUCTION 

This chapter presents the results of Phase 3—a secondary analysis of data from a 

randomised controlled trial. This chapter has been written for submission to the Journal 

of Parenteral and Enteral Nutrition and the formatting reflects the requirements of the 

journal. Additionally, the manuscript has been written in compliance with the STROBE 

(Strengthening the reporting of observational studies in epidemiology) Statement (von 

Elm et al., 2008) as highlighted in the discussion in Chapter 2.  

This bedside data permitted the classification of primary BSIs into CLABSI and 

MBI-LCBI in patients who had and who had not received PN containing IVFE. The 

results included display for the first time the MBI-LCBI classification ascribed to a PN 

population. Additionally, this chapter lists the microorganisms identified as BSIs. This 

chapter reports results obtained to address the following research questions: 

Research Question 1 

What is the effect of PN, all components and combinations, compared to other IV 

fluids on microbial growth?  

Research Question 2 

Is more frequent IVAS replacement necessary for PN containing IVFE, compared to 

other IV solutions?  

Research Question 3 

What is the influence of PN containing IVFE on CRI in patients with CVADs?  
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6.2 UNPUBLISHED MANUSCRIPT IV 

6.2.1 Parenteral nutrition containing intravenous fat emulsions is unlikely to 
increase risk of central line-associated bloodstream infection once mucosal-
barrier injury laboratory-confirmed bloodstream infections are classified: a 
secondary data analysis of 807 patients 

6.2.2 Abstract 

Background 

Distinguishing bloodstream infections related to central venous access devices 

(CVADs) from those that occur through other mechanisms, such as a damaged mucosal 

barrier, is difficult.  

Material and methods 

Secondary analysis was conducted of data from a randomised controlled trial 

comparing 4- versus 7-day replacement for intravenous administration sets. For this 

analysis, patients were divided into two groups: those who received intravenous fat 

emulsion (IVFE) and those who did not. This study investigated the influence of 

parenteral nutrition containing IVFE on catheter-related infection in patients with a 

CVAD. 

Results 

This secondary data analysis considered 807 patients of whom 180 (22%) were 

receiving IVFE. Most patients (73%) were recruited from the haematology and 

haematopoietic stem cell transplant unit, followed by surgical (11%), trauma and burns 

(8%), medical (5%) and oncology (3%). More primary bloodstream infections (BSIs) 

occurred in the IVFE group (26%) than in the no-IVFE group (17%). When primary BSI 

was assigned as either a central line-associated bloodstream infection (CLABSI) or 

mucosal barrier injury laboratory-confirmed bloodstream infection (MBI-LCBI), the 

incidence of CLABSI was similar in both IVFE and no-IVFE patient groups (8% vs 9%, 

p = 0.88) and the incidence of MBI-LCBI was significantly different between groups (7% 

no-IVFE; 17% IVFE, p < 0.001).  

Conclusion 

This secondary data analysis found no difference in CLABSI between the IVFE and 

the no-IVFE groups when the additional MBI-LCBI classification was considered. Our 
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data indicates that twice as many primary BSIs in IVFE patients are due to mucosal 

barrier injury rather than the CVAD. It is important to consider the MBI-LCBI 

classification, which will ensure that CLABSI prevention efforts aimed at CVADs for the 

IVFE population may be better directed to gastrointestinal tract protection interventions. 

6.2.3 Keywords 

Administration, Intravenous; Catheterization, Central Venous; Catheter-Related 

Infections; Central Venous Catheters; Clinical Nursing Research; Fat Emulsion, 

Intravenous; mucosal barrier injury laboratory-confirmed bloodstream infection; Non-

Randomized Controlled Trials; Parenteral Nutrition; Vascular Access Devices.  

6.2.4 Clinical relevancy statement 

There is a long-standing belief that parenteral nutrition (PN) is associated with 

catheter-related infections. This is the first time that the primary bloodstream infection 

classification of mucosal barrier injury laboratory-confirmed bloodstream infection (MBI-

LCBI) has been attributed to patients receiving PN containing intravenous fat emulsions 

(IVFE). Our results showed no difference between central line-associated bloodstream 

infections in a group of patients who received PN containing IVFE and those who did not. 

This indicates that, in many patients, the microorganisms originate from the 

gastrointestinal tract rather than the central venous access device.  

6.2.5 Introduction 

Parenteral nutrition (PN) is administered through central venous access devices 

(CVADs) due to its high osmolarity. Importantly, since CVADs break the skin, the 

body’s natural defence, they are associated with bloodstream infections (BSIs). Patients 

administered PN containing intravenous fat emulsions (IVFE) are considered to be at 

even higher risk for BSI as IVFE support the growth of Gram-positive and Gram-negative 

bacteria and fungi (Opilla, 2008). Consequently, clinical guidelines for the administration 

of PN containing IVFE are more regimented than for other intravenous (IV) fluids or for 

PN without IVFE. These include the American Society of Parenteral and Enteral 

Nutrition Parenteral Nutrition Safety Consensus Recommendations (Ayers et al., 2014), 

epic3: National Evidence-Based Guidelines for Preventing Healthcare-Associated 

Infections in National Health Service Hospitals in England (Loveday et al., 2014), 

Guidelines for the Prevention of Intravascular Catheter-Related Infections (O'Grady et 
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al., 2011), and the European Society for Parenteral and Enteral Nutrition Guidelines on 

Parenteral Nutrition: Central Venous Catheters (access, care, diagnosis and therapy of 

complications) (Pittiruti et al., 2009). These guidelines all recommend that PN containing 

IVFE be administered through single-lumen CVADs, or via a dedicated lumen if this is 

not possible, and that replacement of PN bags and associated intravenous administration 

sets (IVAS) occur every 24 hours to prevent BSI. In contrast, they recommend that no-

IVFE PN IVAS can be replaced less frequently, at every 72 hours (Pittiruti et al., 2009), 

96 hours (Ayers et al., 2014; Infusion Nurses Society, 2016; Loveday et al., 2014) or 96–

168 hours (O'Grady et al., 2011).  

PN-associated BSI incidence has decreased in recent years, coinciding with 

improved compounding, optimal calorific nutrition and a greater understanding of 

glucose control (McCleary & Tajchman, 2016), in additional to the introduction of 

chlorhexidine gluconate (CHG) skin antisepsis and insertion bundles (Pronovost et al., 

2006). Additionally, improvements in CVAD management have seen a 58% decrease in 

central line-associated bloodstream infection (CLABSI) from 2001 to 2009 in the 

intensive care population (Saint, Krein, & Stock, 2014). Similar decreases have been 

reported in the cancer population, with a drop in catheter-related bloodstream infection 

(CRBSI) from 56% to 25% in a 14-year period from 1999–2000 to 2013–2014 (Chaftari 

et al., 2018). More recently, scientific knowledge of BSI pathogenesis and definition of 

primary laboratory-confirmed bloodstream infection (LCBI) has advanced. The Centers 

for Disease Control and Prevention (CDC) National Healthcare Safety Network (NHSN) 

tracks healthcare-associated infections in the United States and its definitions are 

influential worldwide. In 2013, the NHSN introduced a new classification of LCBI called 

mucosal barrier injury laboratory-confirmed bloodstream infection (MBI-LCBI) to 

account for the translocation of gastrointestinal tract organisms in at-risk patients, such as 

those with grade III/IV gastrointestinal tract graft versus host disease undergoing 

allogeneic haematopoietic stem cell transplant (Centers for Disease Control and 

Prevention, 2018a; Steinberg, Robichaux, Tejedor, Reyes, & Jacob, 2013). PN is 

advocated for cancer patients expected to have inadequate oral nutrition for seven to 10 

days (Blijlevens et al., 2000), and decreased oral nutrition is usually associated with 

gastro-intestinal tract mucositis or tract graft versus host disease. The MBI-LCBI 

classification is particularly relevant for patients who would otherwise be classified as 

having a CLABSI but are now recognised instead as having their primary BSI originating 

from their compromised mucosal barrier (See et al., 2013).  
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CVADs are often considered responsible for BSIs and therefore removed, 

necessitating re-insertion with a new device, which further increases the risk of infective 

and mechanical complications. Between 70 and 85% of CVADs are considered to have 

been removed unnecessarily once laboratory analyses are completed, as the CVAD tip 

and blood cultures do not match (Tomlinson et al., 2011). Diagnosing the root cause of 

BSIs is vitally important. Distinguishing BSI related to CVADs from those that occur 

through other mechanisms is challenging but can facilitate BSI prevention efforts and 

improve reliability of benchmarking comparisons of CLABSI. This may also impact on 

our understanding of risk associated with PN containing IVFE. The introduction of a 

more rigorous process for determining MBI-LCBI will increase awareness and 

understanding of pathogenesis of bloodstream infections in patients receiving PN 

containing IVFE and may facilitate a change in clinical practice. This, in turn, will allow 

for more accurate BSI classification, treatment and management in this vulnerable cancer 

population to reduce unnecessary CVAD removal and replacement, improve 

antimicrobial stewardship and, consequently, reduce healthcare costs. 

The aim of this study was to investigate the influence of PN containing IVFE on 

catheter-related infection (CRI) in patients with CVADs. There were four objectives: (1) 

to compare the clinical, demographic and treatment characteristics of patients who 

received IVFE with those who did not, for associations with CRI; (2) to compare 

infection outcomes for patients who received IVFE and those who did not; (3) to compare 

microorganisms grown from blood cultures of patients who received PN containing IVFE 

and those who did not; and (4) to evaluate whether more frequent IVAS replacement (4- 

versus 7-day) was associated with BSIs in a subset of haematopoietic stem cell transplant 

patients who received PN containing IVFE.  

6.2.6 Materials and methods 

Design 

Secondary analysis of data from a single centre that was involved in a multi-centre 

randomised controlled trial comparing 4- versus 7-day replacement for IVAS.  

Setting and sample 

In-patients (oncology and haematology, surgical, medical and burns and trauma) 

who were enrolled in The RSVP Trial (Intravascular device administration sets: 

Replacement after Standard Versus Prolonged use) (Rickard et al., 2015) from a 
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quaternary teaching hospital in Queensland, Australia. Patients were followed from 

device insertion until 48 hours post device removal or discharge home with the device in 

situ. 

Inclusion criteria 

The inclusion criteria for the parent trial were: patients with informed written or 

documented verbal consent; patients with CVAD in situ with IVAS; patients with CVAD 

in situ less than 24 hours; patients with CVAD with scheduled/expected use for seven 

days or more. In addition, for this secondary analysis, an additional inclusion criterion 

was: patients enrolled in The RSVP Trial at the RBWH.  

Exclusion criteria 

The exclusion criteria for the parent trial were: patients with an existing LCBI 

within 48 hours of recruitment; patients with CVAD already in situ > 96 hours; patients 

with the original IVAS already replaced. For the secondary data analysis, the additional 

inclusion criteria was: patients who did not consent to their data being used for additional 

analyses.  

Variables 

The data extracted for this analysis included: (1) administration of IVFE during 

CVAD dwell; (2) CVAD data (CVAD type, number of lumens, dwell time, reason for 

removal); (3) IVAS data (frequency of IVAS change, number of IVAS, extension tubing); 

(4) patient and treatment risk factor data (diagnostic group, concurrent infections, blood 

products, immune-suppression therapy, anti-neoplastic agents, absolute white cell count, 

multiple organ failure, diabetes); and (5) infection outcome data. Relevant clinical data 

(patient clinical observations; anti-microbial therapy; white cell count; CVAD tip, urine, 

stool, wound or any other microscopy, culture and sensitivity results; chest x-ray reports; 

computerised tomography reports) were collated by two authors (E. L. and N. G.) and de-

identified. A blinded infectious diseases consultant (N. R.) then classified all positive 

blood culture results into common commensals, primary and secondary BSIs and/or 

CRBSIs, including those that met the new MBI-LCBI criteria. 

Characteristics of CVAD insertion and maintenance 

CVADs were inserted and maintained according to the standard hospital policies 

and procedures unless contraindicated. This included insertion under maximal sterile 

conditions using 2% CHG in 70% isopropyl alcohol (IPA). BIOPATCH® chlorhexidine 
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sponges [Johnson & Johnson; Ethicon, New Jersey] were applied at the insertion or exit 

site under an IV3000 transparent adhesive dressing [Smith & Nephew; London]. 

Peripherally inserted central catheters (PICC) were secured with a StatLock® 

stabilisation device [Bard Medical; Covington, Georgia]. Tunnelled cuffed CVADs were 

sutured at the exit site, with sutures removed once the cuff had granulated (approximately 

three weeks post insertion). Centrally inserted central catheters (CICC) were also sutured. 

CVAD dressings were replaced weekly unless soiled or loose using 2% CHG in 70% IPA 

to decontaminate the skin. Totally implanted vascular access devices (TIVADs) had the 

non-coring needles replaced weekly. If the TIVAD was not accessed, it was aspirated and 

flushed (minimum) monthly with 0.9% sodium chloride. Needleless connectors 

[SmartSite™ needle-free valve, BD; Salt Lake City, Utah] were replaced weekly or as 

clinically indicated. CVAD hubs (during needleless connector replacement) were 

decontaminated using 2% CHG in 70% IPA and allowed to dry. Needleless connectors 

and needle-free drug ports were decontaminated with 70% IPA each time the IVAS or 

CVAD hub was accessed for the administration of IV boluses or infusions. All CVADs 

were flushed and locked with 0.9% sodium chloride using a 10 mL (or larger) syringe. A 

5-day course of 70% ethanol was prescribed to salvage CVADs in the haematology and 

haematopoietic stem cell transplant population when colonised with Gram-positive 

bacteria. This instillation of 70% ethanol was prescribed if the patients were 

pancytopaenic, as CVAD removal and re-insertion during this time is considered a high-

risk procedure.  

Characteristics of IVAS and IVFE, no-IVFE care and maintenance 

In keeping with the protocol of the parent study, patients were randomised to either 

4- or 7-day IVAS replacement (burette, IV tubing, extension tubing, three-way tap, 

needleless connector) for maintenance and medication infusions, including PN that did 

not contain IVFE. IVAS for blood products and chemotherapy were discarded once the 

infusion was completed, in accordance with hospital procedure. Nutritional requirements 

were calculated by the dietician and prescribed by the medical team. The IVAS of 

patients requiring IVFE were maintained by ward nurses, rather than a dedicated PN 

team. The IVFE bag [Baxter; Brisbane] and IVAS were replaced daily. Patients 

prescribed PN routinely received IVFE, with only a minority requiring modular PN 

(typically for hyperlipidaemia). In this situation, the IVFE bag and IVAS were replaced 

daily, while the 50% glucose, amino acids and associated IVAS were replaced at the 
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randomised IVAS replacement intervals. IVFE IVAS three-way taps and extension tubing 

were left in place for either four or seven days, dependent upon the randomised 

allocation. No IVAS filters were used. The lumen used to administer IVFE was only 

accessed for blood culture sampling if the CVAD was suspected to be the source of 

infection; however, routine blood sampling from other lumens of the CVAD was 

common in cancer care. The hospital procedure was to administer PN on a dedicated 

lumen, but patients who had received a haematopoietic stem cell transplant had 

compatible concurrent medications administered via the same IVAS. This deviation from 

hospital procedure is due to the complex treatment protocols for this population. In these 

cases, the IVFE was connected to a lumen with compatible concurrent medications also 

administered, such as patient-controlled analgesia (fentanyl, morphine or oxycodone), 

potassium chloride, frusemide or insulin. These medications require minimal 

manipulation. However, non-return valves were used only for patient-controlled 

analgesia; therefore, IVFE could potentially back-flow into the other IVAS. As the 

treatment for haematopoietic stem cell transplant is highly protocolised and patients are 

cared for by nurses experienced in haematopoietic stem cell transplants, it was considered 

suitable to compare the 4- and 7-day group outcomes in this population in the Phase 3 

study.  

Characteristics of care in setting of pyrexia 

For patients with a temperature higher than 38°C, a septic work-up was undertaken. 

In cancer patients this consisted of aerobic and anaerobic blood cultures taken from a 

peripheral vein and each lumen of the CVAD, a mid-stream urine sample, stool sample (if 

indicated), CVAD site or other wound microscopy culture and sensitivities (if indicated), 

and a chest x-ray. When sampling CVAD lumens for blood cultures, the initial blood 

draw was not discarded. Medical and surgical patients had blood cultures taken from two 

peripheral veins. In the haematology and haematopoietic stem cell transplant population, 

IV antibiotics were commenced within one hour of the onset of the raised temperature. 

Oncology, medical and surgical patients had IV antibiotics commenced when blood 

culture results were reported. Research staff were not involved in the decision to take 

cultures, nor in obtaining them. 

Removal of CVAD 

Tunnelled CVADs were removed by the medical team. PICCs and non-tunnelled 

CICCs were removed by ward nurses. TIVADs were removed surgically in the operating 
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room. CVADs with infective or mechanical complications were removed at the discretion 

of the medical team. Alternatively, the CVAD was removed at treatment completion or 

the patient was discharged with the CVAD in situ for use in the out-patient or home 

setting. In this situation, data collection was censored at time of discharge from the in-

patient unit. All patients were followed up for 48 hours after CVAD removal.  

BSI outcome definitions 

Blood culture results, if positive, were defined as common commensal, LCBI, 

CLABSI, MBI-LCBI, secondary BSI, or CRBSI. Catheter tip colonisation was also 

recorded. See Supplementary materials Box S1: NSHN definitions and Box S2: non-

NHSN definitions in Appendix N.  

Bias 

Group assignment in this secondary analysis of an RCT was observed, not 

manipulated, which is an acknowledged limitation of the observational design. This 

selection bias was acknowledged when analysing infection outcomes in patients who 

received PN containing IVFE with those who did not receive PN containing IVFE. 

Therefore, data regarding the number of IVAS hanging, types of IV medications and the 

number of additional vascular access devices were collected and reported across both 

groups.  

Data was collected in a standardised manner by research and hospital staff, which 

diminishes the opportunity for observer bias. However, the findings of this secondary 

analysis of an RCT study dataset do not provide evidence of cause and effect. It is 

therefore important to consider alternative explanations for study results.  

All patients with a temperature > 38°C had a ‘septic screen’, which includes the 

collection of blood cultures in a standardised manner. Patients receiving high-dose IV 

steroids on the haematology unit had surveillance blood cultures taken twice a week. This 

could have introduced a detection bias and may provide an explanation for the increased 

number of positive blood cultures in the IVFE group. 

Sample size 

The sample size was determined by patients available from the primary trial. A post 

hoc sample size calculation was performed based on observed primary BSI outcomes.  
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Statistical analyses 

The data collected for the parent RCT were entered directly into a Microsoft 

Access® database and subsequently REDCap electronic data capture tools hosted at 

Griffith University in a re-identifiable manner (Harris et al., 2009). REDCap (Research 

Electronic Data Capture) is a secure, web-based application designed to support data 

capture for research studies, providing: (1) an intuitive interface for validated data entry; 

(2) audit trails for tracking data manipulation and export procedures; (3) automated export 

procedures for seamless data downloads to common statistical packages; and (4) 

procedures for importing data from external sources (Harris et al., 2009). Data cleaning 

was performed to ensure validity, completeness, consistency and uniformity. The two 

databases were merged and exported to IBM SPSS Statistics for Windows, Version 23.0 

(Armonk, NY: IBM Corp) (GM). Descriptive statistics were computed for all variables 

for data cleaning purposes. Categorical variables were assessed for invalid values. For 

continuous variables, the range and lowest and highest values were assessed. Data 

variables were checked for accuracy when calculating time variables (e.g., calculating 

days between two date variables) by assessing for incorrect values (negative numbers) 

and the range and lowest and highest values in the time variables. Any inaccurate or 

missing data were corrected by revisiting the electronic clinical report form or the 

medical records if needed. In the case of missing data, a clinical judgement was agreed 

upon and data were imputed (N.G. and E.L.). The patient was the unit of analysis. Patient 

data was tabulated into two groups—those who received IVFE during their admission and 

those who did not—and compared using Fisher’s exact test. These two groups were 

compared for statistically significant differences in baseline demographics including 

diagnosis and immune status, as well as for clinical risk data related to their IVAS and 

other treatment. Relative incidence rates of infection per 1,000 device days (95% 

confidence interval [CI]) were calculated to summarize the impact of IVFE on BSI. 

Groups were compared with simple bivariate comparisons initially using parametric/non-

parametric tests, then with Kaplan-Meier survival curves and log rank test. P values < 

0.05 were considered statistically significant. 

Ethical considerations 

Approval for this secondary data analysis of The RSVP Trial was obtained from the 

Human Research and Ethics Committee (HREC) (Queensland Children’s Hospital 

HREC/13/QRCH/185/AM13) and Griffith University [NRS/27/10/HREC]. Participants 
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had previously consented to their primary data being used for additional infection control 

studies. Data from The RSVP Trial (Rickard et al., 2015) were stored in a re-identifiable 

manner. The RCT was registered with the Australian and New Zealand Clinical Trials 

Registry (ACTRN12610000505000).  

6.2.7 Results 

PN containing IVFE versus no-IVFE patient characteristics 

This secondary data analysis consisted of 807 patients with 180 (22%) receiving 

IVFE (Table 6-1). Overall, most patients (73%) were recruited from the haematology and 

haematopoietic stem cell transplant unit, followed by surgical (11%), trauma and burns 

(8%), medical (5%) and oncology (3%). Primary diagnoses were generally similar 

between the two groups, although IVFE patients had 10% more surgical diagnoses and 

31% more allogeneic haematopoietic stem cell transplants. Risk factors for CRI (diabetes, 

WBC < 1.0 x 109/L and infection at recruitment) were generally balanced across the two 

patient groups (IVFE and no-IVFE).  
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Table 6-1  

Participant and insertion characteristics by study group 
 IVFE received, n (%) 

Total, n (%) 
 no yes 

Group size a 627 (78) 180 (22) 807 (100) 

Gender (female) 231 (37) 81 (45)  

Age (mean; SD):    

- female 53 (15) 48 (17)  

- male 55 (14) 52 (17)  

Diagnosis:    

- haematology, including: 467 (74) 122 (68) 589 (73) 

- autologous HSCT 101 (16) 17 (9) 118 (15) 

- allogeneic HSCT 129 (21) 93 (52) 222 (27) 

- surgery 56 (9) 34 (19) 90 (11) 

- trauma and burns 47 (8) 14 (8) 61 (8) 

- medical 37 (6) 7 (4) 44 (5) 

- oncology 20 (3) 3 (1) 23 (3) 

Diabetes 88 (14) 23 (13) 111 (14) 

WBC low (< 1.0  109/L) 63 (10) 15 (8) 78 (10) 

Infection at recruitment 56 (9) 9 (5) 65 (8) 

CVAD type:    

- PICC (nt) 398 (63) 75 (42) 473 (59) 

- cuffed (t) 214 (34) 105 (58) 319 (39) 

- CVC (nt) 12 (2) 0 (0) 12 (2) 

- TIVAD (t) 3 (< 1) 0 (0) 3 (< 1%) 

Number of lumens:    

- one 17 (3) 0 (0) 17 (2) 

- two 485 (77) 98 (54) 583 (72) 

- three 123 (20) 82 (46) 205 (25) 

- four 2 (0) 0 (0) 2 (0) 

Note: frequencies and column percentages shown unless otherwise noted; percentages 
calculated with the number of non-missing values in the denominator; a row percentages 
shown; IVFE = intravenous fat emulsion; SD = standard deviation; HSCT = 
haematopoietic stem cell transplant; WBC = white blood count; CVAD = central venous 
access device; PICC = peripherally inserted central catheter; CVC = central venous 
catheter; TIVAD = totally implanted venous access device; t = tunnelled; nt = non-
tunnelled 

  



  

Chapter 6: Results and analysis, Phase 3 137  

CVAD characteristics 

PICCs were the most common CVAD inserted (59%), followed by tunnelled cuffed 

CVADs (39%), non-tunnelled CVADs (2%), and TIVADs (< 1%) (Table 6-1). Most no-

IVFE patients (72%) had double-lumen CVADs, with IVFE patients being equally likely 

to have a double- or triple-lumen device. Patients in the IVFE group had more tunnelled 

cuffed CVADs and fewer PICCs than the no-IVFE group. The no-IVFE group had a 

significantly shorter CVAD dwell time (median 17 days) compared to 24.9 days in the 

IVFE group (p < 0.001, Table 6-3). Most patients in both groups had their CVAD 

removed when treatment was completed (this included patients discharged home with the 

CVAD in situ) with no symptoms at the CVAD exit or entry site (Table 6-2). 

IVAS and medication characteristics 

Patients in the IVFE group had an average of 11 IVAS hanging compared to three 

in the no-IVFE group. Patients in the IVFE group received statistically significantly more 

IV steroids, IV immune-suppression, pre-packed, ward-prepared medicine infusions, non-

IVFE PN (amino acids and glucose), insulin infusions and IV bolus medications (Table 6-

2).  
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Table 6-2  

Treatment characteristics by study group 
 IVFE received, n (%) 

Total, n (%) 
p-

valued  No yes 

Group size a 627 (78) 180 (22) 807 (100)  

Number of IVAS hanging and removed at the full 

IVAS change (total) 

3.0 (2.0–6.0) 11.0 (5.5–

19.0) 

4.0 (2.0–9.0) <0.001 

3-way tap 487 (78) 143 (79) 630 (78) 0.683 

Extension tubing 451 (72) 142 (79) 593 (73) 0.069 

Oral antibiotics 327 (52) 109 (61) 436 (54) 0.051 

IV chemotherapy 342 (55) 112 (62) 454 (56) 0.074 

IV steroids 156 (25) 91 (51) 247 (31) <0.001 

IV antibiotics 484 (77) 151 (84) 635 (79) 0.063 

Blood products 424 (68) 133 (74) 557 (69) 0.120 

Non-heparinised transducer flush 8 (1) 2 (1) 10 (1) 1.000 

Heparinised transducer flush 0 (0) 0 (0) 0 (0) - 

IV immune-suppression b 119 (19) 93 (52) 212 (26) <0.001 

Heparinised lock 0 (0) 1 (1) 1 (< 1%) 0.223 

Non-heparinised lock 161 (26) 48 (27) 209 (26) 0.773 

Crystalloids 621 (99) 180 (100) 801 (99) 0.347 

Granulocyte-colony stimulating factor 311 (50) 83 (46) 394 (49) 0.447 

Pre-packed medicine infusions 220 (35) 142 (79) 362 (45) <0.001 

Medicine infusions (prepared on ward) 491 (78) 171 (95) 662 (82) <0.001 

No-IVFE PN (amino acid & glucose) 3 (0) 26 (14) 29 (4) <0.001 

Propofol 4 (1) 0 (0) 4 (0) 0.580 

Heparin 22 (4) 4 (2) 26 (3) 0.480 

Insulin infusion 2 (0) 4 (2) 6 (1) 0.025 

IV bolus medications 569 (91) 174 (97) 743 (92) 0.008 

Therapy completed or discharged from hospital with 

CVAD in situ 

461 (74) 130 (72)  0.775 

Number of additional VADs (peripheral and central, 

n=507): 

   0.212 

- none 325 (84) 99 (79) 424 (82)  

- one 56 (14) 21 (17) 77 915)  

- two 5 (1) 5 (4) 10 (2)  

- three or more 3 (1) 1 (1) 4 (1)  

RSVP trial study group:    0.397 

- 4 day 293 (47) 91 (51) 384 (48)  

- 7 day 334 (53) 89 (49) 423 (52)  

Note: frequencies and column percentages shown unless otherwise noted; a row percentages 
shown; b cyclosporin, tacrolimus, mycophenolate mofotil; percentages calculated with the 
number of non-missing values in the denominator; c more than one reason allowed; IVFE = 
intravenous fat emulsion; IVAS = intravenous administration set; IV = intravenous; PN = 
parenteral nutrition; VAD = vascular access device; RSVP = Intravascular device administration 
sets: Replacement after Standard Versus Prolonged use; d Fisher’s exact test or the Wilcoxon 
rank-sum test used; 
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Figure 6-1 Infection outcomes. 
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Infection outcomes  

Every patient with a positive blood culture was classified as having a common 

commensal, a confirmed primary BSI (CLABSI or MBI-LCBI), a secondary BSI or a 

CRSBI (Table 6.1). All patients with CVAD-tip colonisation had a positive blood culture.  

Positive blood culture and microorganism type 

In all, 252 patients had positive blood cultures. IVFE patients were more likely to 

have a positive blood culture than no-IVFE patients (42% IVFE; 28% no-IVFE, 

Table 6-3). Gram-positive cocci and Gram-negative bacilli were similarly distributed 

between the two groups. However, Gram-positive bacilli and fungal species were more 

frequently isolated in the IVFE group (Appendix O).  

Common commensals 

Approximately one-third of positive blood cultures contained a single common 

commensal (11% no-IVFE; 15% PN containing IVFE, p = 0.15, Table 6-3). Fourteen of 

the 95 patients with common commensals had multiple common commensals (Table 6-3 

and Appendix O).  

Primary BSIs 

More primary BSIs occurred in the IVFE group (26%) than in the no-IVFE group 

(17%) (Table 6-3). This study of two independent samples had a post hoc power of 75.6% 

to compare the observed incidence of primary BSI with a type I error of 0.05 based on 

dichotomous endpoints (Kane, 2017). When primary BSI was assigned as either a LCBI 

(CLABSI) or a MBI-LCBI, the between-group relationships were as follows:  

CLABSI 

A quarter of patients with a positive blood culture were classified with a CLABSI 

(72/252; 28.6%) (Figure 6-1). The incidence of CLABSI was similar in the IVFE and no-

IVFE patient groups (8% vs 9%, p = 0.88, Table 6-3). Expressed as rates per 1,000 

CVAD days, this was 5.21 (for no-IVFE) and 3.25 (for IVFE) (incidence rate ratio [IRR] 

0.62; 95% CI 0.33 to 1.12; p = 0.097, Table 6-3). Kaplan-Meier curves showed survival 

from CLABSI was significantly superior in the IVFE group (Figure 6-2A, log rank 

p = 0.011). 

MBI-LCBI 

A quarter of patients with a positive blood culture were classified with a MBI-LCBI 

(72/252; 28.6%) (Figure 6-1). The incidence of MBI-LCBI was significantly different 
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between the groups (7% for no-IVFE; 17% for IVFE, p < 0.001, Table 6-3), occurring at 

3.74 and 6.72 per 1,000 CVAD-days for no-IVFE and IVFE groups respectively (IRR 

1.79; 95% CI 1.09 to 2.93; p = 0.016; Table 6-3). Survival from MBI-LCBI was not 

significantly different between groups (Figure 6-2B, log rank p = 0.614). 

CRBSI 

The incidence of CRBSI was not significantly different between the groups (2% for 

no-IVFE; 3% for IVFE, p = 0.798, Table 6-3). The rates of CRSBI were 1.64 (for no-

IVFE) and 0.87 (for IVFE) per 1,000 CVAD days (IRR 0.53; 95% CI 0.13 to 1.60; 

p = 0.123, Table 6-3). Survival from CRBSI was not significantly different between the 

groups over time (Figure 6-2C, log rank, p = 0.119).  

Secondary BSIs 

Secondary BSIs were infrequent and equally distributed between the two groups 

(Table 6-3).  

CVAD tip colonisation 

A total of 100 CVAD tips were sent for culture (Table 6-3). Of these, eight had 

clinical growth > 15 CFU; five in the no-IVFE and three in the IVFE group (p = 0.698).  

  



  

Chapter 6: Results and analysis, Phase 3 142  

Table 6-3  

Infection outcomes by study group 
 IVFE received p-value 

 no yes  

Group size a, n (%) 627 (78) 180 (22)  

CVAD-days studied 10,948 4,616  

Dwell time (days) b c 17.0 (8.1–24.0) 24.9 (15.3–31.2) < 0.001 

Positive blood culture (of any kind) d 176 (28) 76 (42) < 0.001 

Common commensal d ‡ 68 (11) 27 (15) 0.149 

- CVAD lumen 64 28  

- peripheral phlebotomy 5 5  

- unknown source 8 0  

Primary BSI†:    

- CLABSI (type 1 and/or 2) d 57 (9) 15 (8) 0.882 

~ incidence rate (95% CI) e 5.21 (4.02–6.75) 3.25 (1.96–5.39)  

~ incidence rate ratio (95% CI) e referent 0.62 (0.33–1.12) 0.097 

~ log-rank test of survival e   0.011 

- MBILCBI (type 1 or 2) d 41 (7) 31 (17) < 0.001 

~ incidence rate (95% CI) e 3.74 (2.76–5.09) 6.72 (4.72–9.55)  

~ incidence rate ratio (95% CI) e referent 1.79 (1.09–2.93) 0.016 

~ log-rank test of survival e   0.614 

CRBSI d 18 (3) 4 (2) 0.798 

~ incidence rate (95% CI) e 1.64 (1.04–2.61) 0.87 (0.33–2.31)  

~ incidence rate ratio (95% CI) e referent 0.53 (0.13–1.60) 0.246 

~ log-rank test of survival e   0.119 

Secondary BSI d 11 (2) 3 (2) 1.000 

CVAD tip:    

- CVAD tip culture growth > 15 CFU d 5 (< 1) 3 (2) 0.698 

- CVAD tip culture growth ≤ 15 CFU d 5 (1) 2 (1) 1.0 

- CVAD tip negative to growth d 59 (9) 18 (10) 0.178 

- CVAD tip not cultured d 6 (1) 2 (1) 1.0 

- CVAD tip not sent d 102 (16) 50 (27) 0.206 

Note: frequencies and column percentages shown unless otherwise noted; percentages 

calculated with the number of non-missing values in the denominator; a row percentages shown; 

b median, 25th and 75th percentiles shown; c Wilcoxon rank-sum test; d Fisher’s exact test; e 

per 1,000 CVAD-days, CI = confidence interval; IVFE = intravenous fat emulsion; BSI = 

bloodstream infection; MBI-LBSI = mucosal barrier injury laboratory confirmed BSI; CLABSI 

= central line-associated BSI; CRBSI = catheter-related BSI; CFU = colony-forming unit; ‡ 14 

patients had more than one common contaminant; † one patient was classified with a CLABSI 

and a MBI-LCBI. 
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Figure 6-2 Kaplan-Meier survival curves for CVAD dwell time. 
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Association between frequency of IVAS replacement and infection in 
haematopoietic stem cell transplant patients who received PN containing 
IVFE 

Of 340 (32.3%) haematopoietic stem cell transplant patients, 110 (32.3%) received 

IVFE (Table 6-4). These patients were distributed evenly between the 4-day allocation 

(57, 52%) and the 7-day allocation (53, 48%). IVFE patients in the 7-day allocation had a 

greater absolute incidence of common contaminants (25% vs 14%, p = 0.255), greater 

absolute incidence of CRSBI (2% vs 6%, p = 0.35) and greater absolute incidence of 

catheter-tip culture growth > 15 CFU (2% vs 4%, p = 0.608). Four-day patients also had 

higher absolute incidence of MBI-LCBI (32% vs 21%, p = 0.279); however, these 

differences were not statistically significant. There were no significant between-group 

differences for positive blood culture (of any kind), CLABSI or secondary BSI 

(Table 6-4).  
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Table 6-4  

Infection outcomes by RSVP trial group (IVFE group during haematopoietic stem cell 

transplant) 
 RSVP trial groups p-value 

 4-days 7-days  

Group size a 57 (52) 53 (48)  

CVAD days studied 1,668 1,513  

Dwell time b c 27 (24.1–32.9) 28 (22.1–33) 0.769 

Positive blood culture 

(of any kind) d 

32 (56) 29 (54) 1.0 

Common commensal d 8 (14) 13 (25) 0.225 

CLABSI (type 1 

and/or 2) d 

5 (9) 4 (8) 1.0 

/1,000 days 3.0 2.6  

MBI-LCBI (type 1 or 

2) d 

18 (32) 11 (21) 0.279 

/1,000 days 10.8 7.3  

CRBSI d 1 (2) 3 (6) 0.35 

/1,000 days 0.6 2.0  

Secondary BSI d 1 (2) 1 (2) 1.0 

Catheter-tip culture 

growth > 15 CFU d 

1 (2) 2 (4) 0.608 

Note: frequencies and column percentages shown unless otherwise noted; percentages 

calculated with the number of non-missing values in the denominator; a row percentages 

shown; b median, 25th and 75th percentiles shown; c Wilcoxon rank-sum test; d Fisher’s 

exact test; RSVP = (Intravascular device administration sets: Replacement after Standard 

Versus Prolonged use; IVFE = intravenous fat emulsion; MBI-LCBI = mucosal barrier 

injury laboratory confirmed BSI; CLABSI = central line-associated BSI; CRBSI = 

catheter-related BSI; BSI = bloodstream infection; CFU = colony-forming units. 
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6.2.8 Discussion 

This secondary data analysis found significantly less CLABSI in the IVFE than the 

no-IVFE groups when MBI-LCBI classification and dwell time were both considered. 

IVFE patients had two fewer CLABSI cases per 1,000 days than no-IVFE patients, and 

survival analysis confirmed this difference was statistically significant (log-rank test, 

p = 0.01). This contradicts prevailing thought that IVFE is associated with higher risk of 

CLABSI (Cahill & Benotti, 1991; Freund & Rimon, 1990; Goldmann & Maki, 1973; 

Machado et al., 2009; Marra et al., 2007; Opilla, 2008; Pontes-Arruda et al., 2012; Turpin 

et al., 2012). This traditional association appears to have been driven by the inclusion of 

patients in CLABSI outcomes who, in fact, had their infection due to mucosal barrier 

injury (MBI). Our data indicates that twice as many primary BSIs in IVFE patients are 

due to MBI rather than the CVAD. This is a new and important finding that suggests 

traditional efforts for CLABSI infection prevention aimed at CVADs for the IVFE 

population may be better directed to gastrointestinal tract protection interventions. 

Although not statistically significant, there was a halving of CRBSI in the IVFE group, 

consistent with the CLABSI data.  

Gavin and colleagues (2017) undertook a systematic review of comparative rates of 

CRBSI in patients with CVADs who received IVFE and those who did not. Patients 

receiving IVFE were more likely to develop a CRSBI (odds ratio (OR) 10.89; 95% CI 

3.48–34.05). In our results, patients who had received IVFE were less likely to develop a 

CRBSI or CLABSI compared to the patients who had never received IVFE during the 

CVAD dwell time. All studies in the systematic review occurred before the introduction 

of the MBI-LCBI classification. Our study is the first to consider MBI-LCBI in relation to 

CVADs and PN administration. Other studies (Dandoy et al., 2016; Epstein et al., 2016; 

Metzger et al., 2015; See et al., 2013) of primary BSIs in other populations that included 

the MBI-LCBI definition have similarly reported that CLABSI rates have halved when 

attributing the MBI-LCBI classification. The incidence of CLABSI is expected to drop in 

coming years when more appropriate definitions are applied. In the interim period, when 

not all institutions have applied the MBI-LCBI classification, researchers will need to be 

cognisant of this when meta-analysing data from published studies.  

The characteristics of IVFE compared to no-IVFE patients were also revealing and 

likely explain the significantly higher incidence of MBI-LCBI in IVFE patients. The 

difference in median dwell time was statistically significant (p < 0.001) between groups 
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with IVFE patients having their CVADs in situ eight days longer than their no-IVFE 

counterparts. Patients in the IVFE group had almost four times the number of IVAS, 

which indicated their higher acuity. Half (52%) of all IVFE patients received an 

allogeneic haematopoietic stem cell transplant compared to 21% of no-IVFE patients. 

This group of patients are prescribed PN containing IVFE when they have severe 

mucositis and oesophagitis and are unable to tolerate enteral feeding. Despite this, the 

percentage of CVAD removal for suspected BSI and diagnosed CRI outcomes was not 

worse in the IVFE group. Patients receiving IVFE were prone to more positive blood 

cultures of Candida species and Gram-positive bacilli. Gavin and colleagues (2017) 

analysed the pathogens isolated from blood cultures of patients who received PN and 

those who did not. Patients receiving PN were more likely to have a fungal or 

polymicrobial microorganisms and less likely to have Gram-positive cocci, compared to 

patients receiving non-PN. In our secondary data analysis, the distribution of 

microorganisms between the two groups was less marked, as the only fungi or yeast 

infections (n = 3) were present in the IVFE group. This may be attributed to the use of 

prophylactic antibiotic, anti-fungal and anti-viral medications in the haematology and 

haematopoietic stem cell transplant population. Researchers should describe the clinical 

characteristics of the patient groups and clinical care to enable reliable meta-analysis and 

subgroup analyses in future systematic reviews. 

When comparing haematopoietic stem cell transplant patients who received IVFE 

and were randomised to the 4- or 7-day IVAS replacement (which excluded IVFE, blood 

products and chemotherapy), there were 11% more common contaminants in the 7-day 

group, but this was not statistically significant and did not translate into higher rates of 

CLABSI. Thus, weekly replacement of IVAS for many infusion types appears equivalent 

in infection risk as for 4-day replacement. However, the finding of almost one in 10 

haematopoietic stem cell transplant patients developing CLABSI highlights the need for 

meticulous aseptic non-touch technique and decontamination of needleless connectors in 

all patients with a vascular access device prior to administering IV medications and 

fluids.  

The study revealed one-third of blood cultures were common contaminants: i.e., a 

single skin contaminant on a single blood culture. Most contaminants were derived from 

CVAD-collected blood cultures. Hospital policy requires that blood cultures from a 

CVAD be paired with peripherally collected blood cultures, but this does not happen 

routinely in practice as oncology and haematology nurses are concerned about causing 
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additional discomfort to their patients. Common contaminants may indicate poor 

decontamination practices despite a standardised blood culture collection procedure. 

During the collection of blood cultures, the punctured skin or needleless connector may 

not be adequately decontaminated. This data can be used to target specific education 

interventions to improve decontamination not only prior to blood culture collection but 

when administering IV medications and connecting new and replacing IVAS.  

Sharp decreases in CLABSIs have been seen in intensive care populations since the 

introduction of Pronovost’s (2006) checklist (Saint et al., 2014). Comparable reductions 

in certain populations, especially those with long-term CVADs, have not been realised 

despite implementing the checklist, which suggests that these infections are due to 

intraluminal CVAD infections. The previously unrecognised contribution of 

gastrointestinal tract microorganisms translocated through the damaged mucosal barrier 

into the blood, and subsequently the CVAD, may explain the sustained high rates of 

CLABSI in specific populations, such as cancer patients, and why they have not 

decreased despite similar interventions used in intensive care (Metzger et al., 2015). 

However, the creation of the MBI-LCBI classification enhances this. Motivation for this 

may not be purely about improving patient outcomes, as the introduction of the MBI-

LCBI classification into clinical practice could have financial implications for the current 

penalties for healthcare-associated infections. Currently, a financial adjustment of 

AU$12,500, which represents the estimated additional length of stay, is made for each 

healthcare-associated Criterion 1 BSI (Queensland Health, 2016).  

It is customary, and recommended where possible by clinical practice guidelines 

(Ayers et al., 2014; Infusion Nurses Society, 2016; Loveday et al., 2014; O'Grady et al., 

2011; Pittiruti et al., 2009), to insert a single-lumen CVAD for the administration of PN. 

Results from this study indicate that this is not the practice at our institution. Only 2% of 

the patients had a single-lumen CVAD inserted. The practice at the study hospital was for 

patients to have a dual-lumen CVAD with one lumen dedicated to PN. This contrasts with 

patients undergoing an allogeneic haematopoietic stem cell transplant, who have 

compatible IV medications administered on the same lumen as the PN due to the need for 

multiple, concurrent IV medications, fluids and transfusions. The alternative approach 

would support the insertion of a second CVAD for PN administration. This would 

increase the risk of venous thromboembolism in a group of patients already at higher risk 

than the general population.  
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A limitation of this study is that it is a secondary data analysis from one hospital 

that was involved in a multi-site RCT. These results need to be interpreted with caution, 

as secondary data analyses are non-randomised comparisons and patient and/or clinical 

characteristics may influence the results. Therefore they cannot provide a definitive link 

between risk factors and health outcomes. Additionally, a multivariate Cox regression 

analysis was attempted, but many variables were correlated, had interaction effects, or did 

not meet the proportional hazards assumption, therefore the analysis could not be 

performed. Thus the significance of CLABSI in the IVFE group regarding  covariates and 

imbalances could not be determined.  

This secondary data analysis was planned, and data collected prospectively, in 

tandem with the parent RCT. All relevant clinical information was collected except for 

the grade of mucositis and grade of gastrointestinal tract graft versus host disease, cancer-

specific reported outcomes that would not translate into other hospital populations. That 

aside, this secondary data analysis is the largest prospective study of PN patients within a 

study comparing IVFE and no-IVFE patients, and strongly suggests that IVFE is not the 

risk; rather, it is the type of patients typically requiring long-term IV therapy. Equally 

important, it is the first study to consider the application of the MBI-LCBI definition in 

the IVFE population and to show that CLABSI rates drop by two-thirds with the use of 

this definition. This secondary data analysis is the next step in understanding the long-

standing clinical question about the infection risk attributable to PN containing IVFE. The 

data collected across this quaternary hospital population (haematology and 

haematopoietic stem cell transplant, surgical, trauma and burns, and oncology) provide a 

representative sample of all patients requiring in-patient continuous infusion therapy via 

CVAD for seven days or more, except for ICU patients. This study provides valuable 

baseline data to justify a pilot RCT examining the safety of extending the hang time of 

IVFE containers and IVAS from the current 24-hour time frame.  

In conclusion, PN containing IVFE was associated with decreased CLABSI in this 

single-centre secondary data analysis once MBI-LCBI diagnoses were applied and time at 

risk was considered. Furthermore, when exploring CLABSI in the haematopoietic stem 

cell transplant group receiving IVFE, 7-day routine replacement of IVAS was not 

associated with more infections than 4-day replacement. It is time to re-examine the 

safety of extending the replacement of IVAS for PN containing IVFE beyond 24 hours. 

This clinical question needs to be examined with an RCT to provide Level II evidence 

and inform future systematic reviews and meta-analyses and clinical practice.  
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6.3 CHAPTER SUMMARY 

This chapter has presented a manuscript that has been prepared for the Journal of 

Parenteral and Enteral Nutrition. It contains the results of the secondary data analysis 

using data from 807 patients, consisting of approximately 80% patients diagnosed with 

cancer. In this chapter, the infection outcomes of those patients receiving PN containing 

IVFE and those who did not were compared. The results demonstrated that patients 

receiving IVFE containing IVFE were not at more risk of developing a CLABSI. Once 

published, this will likely be the first study to report primary BSIs as CLABSIs and MBI-

LCBIs in relation to patients receiving PN containing IVFE—a group of patients at high 

risk of mucosal barrier injury. In the next chapter, Chapter 7, the research questions will 

be discussed in relation to the three phases, and recommendations and a conclusion will 

be presented.  
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Chapter 7: Discussion, recommendations and 
conclusions 

7.1 CHAPTER INTRODUCTION 

In this final chapter, the results of the PhD research will be discussed in relation to 

how they met the overall research aim and how they addressed each of the three research 

questions. The discussion will draw on relevant published literature, including how the 

results compare and contrast to other research findings. The contribution to knowledge, 

theoretical implications and limitations of this PhD will be discussed. Recommendations 

will be made that have implications for future research, clinical practice and healthcare 

policy. Finally, conclusions and reflections will close this chapter. 

7.1.1 Overview of aim and methods 

The overall aim of this research was to assess the influence of PN on the growth of 

clinically relevant microorganisms and infection risk. To meet this aim, a bench-to-

bedside approach using mixed methods was taken, including a series of in vitro, ex 

vivo/simulation experiments and a secondary data analysis of a large clinical dataset. In 

an integrated and incremental approach, three research questions were posed, and three 

phases of research undertaken to address them, with the results from each phase 

contributing to addressing one or more of the questions. Phase 1 consisted of in vitro 

experiments assessing microorganism growth potential in PN and other IV fluids to 

ascertain whether PN did harbour stronger growth potential than other fluids. Phase 2 

involved a simulated ex vivo experiment where microorganism growth was observed over 

seven days in PN and other IV fluids to test whether growth in PN was more rapid over 

time, as assumed in current clinical practice where PN is replaced daily but other fluids 

are not. In Phase 3, a secondary analysis of a large and complex clinical dataset was 

undertaken to consider the impact of PN on CRI compared to patients who did not receive 

PN.  

This bench-to-bedside approach was undertaken because it conceptually embedded 

the PhD research in patient care and the processes and outcomes have a direct impact on 

improving patient care (Cowman, 2018). The clinical practice of taking higher infection 

prevention precautions for PN than for other IV fluids is central to the research questions 
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being asked. To scale back these measures would ultimately require an RCT, but it was 

important first to complete systematic literature reviews, laboratory experiments and 

secondary clinical data analysis, as a clinical trial would have been imprudent without 

first fully understanding the contemporary infection risks. This PhD provides the crucial 

data needed to scope and explore the issue and will inform future prospective studies.  

7.2 DISCUSSION OF THE RESEARCH QUESTIONS 

The research results will be discussed in the context of how they have addressed the 

three research questions.  

7.2.1 Research Question 1: What is the effect of PN compared to other IV fluids on 
microbial growth? 

This question was addressed with the research in all three phases. In Phase 1, five 

types of PN were studied (all-in-one PN; 20% Clinoleic; Synthamin with electrolytes; 

Synthamin without electrolytes; and 50% glucose) along with three types of IV fluids 

(0.9% sodium chloride; 5% glucose; and sterile water) and one laboratory control (tryptic 

soy broth). Phase 1 demonstrated that the five microorganisms tested were able to 

replicate and survive in solutions commonly used to deliver IV therapy in hospital; the 

exception was 50% glucose.  

This is an important finding because it confirms that most IV solutions have the 

potential to support the growth of microorganisms after being contaminated, although, 

generally, the microorganisms tested reproduced more rapidly in all-in-one PN and IVFE. 

This was a necessary first phase in achieving the overarching aim because understanding 

the influence of all components and combinations of PN initially in static experiments 

guided the selection of microorganisms and IV solutions used in Phase 2. The results 

from Phases 1 and 2 were compared to the patient data from Phase 3 to look for 

consistency in microorganism growth and infection outcomes.  

The results from Phase 1 confirmed the findings in the published literature that PN 

supports the growth of a variety of microorganisms. Six studies have examined 

microorganism growth in static conditions (similar to Phase 1) (Didier, Fischer, & Maki, 

1998; Gilbert, Reinhardt, & Greenlee, 1973; Holmes & Allwood, 1979; Kim, Lewis, & 

Kumar, 1983; Melly, Meng, & Schaffner, 1975; Rowe, Fukuyama, & Martinoff, 1987). In 

general, there was concordance between the results of previous research and this PhD 

study. Broth, IVFE, 25% glucose with amino acids, 0.9% sodium chloride and sterile 

water supported the growth of the five species in all experiments in the PhD and the 
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published literature. All published studies demonstrated that all microorganisms tested 

perished in 50% glucose. However, there were some discrepancies between our results 

and those published in the literature. We found that S. aureus grew in amino acids, all-in-

one PN and 5% glucose, S. epidermidis grew in amino acids and 5% glucose, 

P. aeruginosa grew in amino acids and all-in-one PN, and C. albicans grew in 5% 

glucose, whereas others found they did not grow (Didier et al., 1998; Gilbert et al., 1973; 

Holmes & Allwood, 1979; Rowe et al., 1987). The variance in microorganism growth in 

the all-in-one PN and amino acids might be due to different products. The discrepancies 

in the 5% glucose results might be due to some studies using 5% dextrose as an 

alternative. Glucose is an aldohexose while dextrose is the name given to a glucose 

monohydrate compound. Additionally, one study grew microorganisms at 37°C (Gilbert 

et al., 1973). Therefore, it was important to undertake these Phase 1 experiments using 

clinical isolates derived from our patients and using the PN and IV solutions used in our 

hospital.  

The choice of microorganisms for the experiments in Phase 1 was informed by the 

systematic review presented in Chapter 2; the pathogens isolated from blood cultures 

from patients receiving PN and non-PN solutions were reported in two out of the eleven 

studies (Dimick et al., 2003; Yeung et al., 1988). Gram-positive cocci were responsible 

for most positive blood cultures in both patient groups and fungi and yeasts were reported 

to colonise the blood of patients receiving PN more frequently than patients receiving 

non-PN infusions.  

The Phase 1 results showed that C. albicans has the potential to double in all the 

solutions tested within 24 hours, with the exception of 50% glucose, where cell death 

occurred within four hours, and 0.9% sodium chloride, where there was a 1.5-fold 

increase. C. albicans demonstrated a 30-fold growth increase in all-in-one PN when 

compared to the inoculum at 24 hours. Similarly, Synthamin with electrolytes showed a 

20-fold growth at 24 hours. The observation that Synthamin with electrolytes and 50% 

glucose, which had a 9-fold increase, did not show similar growth highlights the role that 

50% glucose plays in inhibiting microorganism growth. In contrast to these findings, none 

of the species showed greater than a 2-fold growth over the inoculum when grown in all-

in-one PN. However, for S. aureus, and P. aeruginosa, 4-fold growth at 24 hours was 

observed in IVFE.  

In Phase 3, it was postulated that there would be differences in the species of 

microorganisms causing CRIs in patients receiving IVFE compared to those receiving no-
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IVFE infusions. Gram-positive cocci and Gram-negative bacilli were similarly distributed 

between the two groups. However, Gram-positive bacilli, such as Bacillus and 

Corynebacterium, and fungal species were more frequently isolated in the IVFE group 

(Appendix O). All the fungal species were Candida and distributed in the IVFE group 

(one CLABSI and two MBI-LCBIs). This suggests that patients receiving IVFE are at 

greater risk of developing fungaemia. However, less than 2% of positive blood cultures in 

the IVFE group were caused by fungal species. This is a low percentage compared to the 

findings of the systematic review presented in Chapter 2 where 22% of patient receiving 

PN were colonised with yeast and fungi compared to 9% in the non-PN group (Dimick et 

al., 2003; Yeung et al., 1988). This might be explained by the use of prophylactic 

antifungals in the haematology population in this PhD research. This is difficult to 

ascertain as Dimick et al. (2003) and Yeung et al. (1988) did not provide information 

about antimicrobials prescribed to the patients in their study, although Dimick et al. 

(2003) were conducting a secondary data analysis from a trial investigating the 

effectiveness of fluconazole in preventing fungal infections in patients in the intensive 

care unit. Like the patient group in Phase 3, the patients in the Dimick et al. (2003) study 

were more likely to have had gastrointestinal surgery and be prescribed immune therapy. 

In summary, there are differences in the effect of PN and other IV solutions on 

microorganism growth. The microorganism types identified in this study support IVFE 

being associated with higher CRI risk; however, this is likely explained by the patient 

characteristics in the IVFE group being at higher risk of translocation of microorganisms 

through the gastrointestinal tract and being immune suppressed. 

The IVAS model developed in Phase 2 identified differences in the effect of PN 

containing IVFE and other IV solutions on microorganism growth. The IVAS model 

simulated 7-days continuous administration of all-in-one PN, IVFE and 0.9% sodium 

chloride. C. albicans displayed a classic growth curve with a lag, exponential and 

stationary phases and the beginnings of the decline phase in all-in-one PN and IVFE. C. 

albicans was consistently recovered 48 hours after inoculation in both the all-in-one PN 

and IVFE experiments. C. albicans did not reproduce effectively in 0.9% sodium chloride 

in the IVAS model. S. aureus survived only in IVFE up to three days. S. epidermidis did 

not survive in the IVAS model in any fluid. These results from Phase 2 mirrored the 

counterpart results from Phase 1, with the exception of S. aureus in all-in-one PN, where 

growth was minimal.  
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In conclusion, as posited in Hypotheses 1 and 2, each microorganism has a 

characteristic growth rate and these growth rates fluctuate in different solutions. All three 

phases of this study have demonstrated that C. albicans has a greater growth potential in 

PN containing IVFE compared to 0.9% sodium chloride, although the percentage of 

Candida colonisation in the IVFE group in Phase 3 was only 2% compared to previous 

reports in the published literature of 22%. Based on these findings, it is important that 

vascular access care and IV medications and fluids are prepared and administered with 

the highest standards of care to prevent CRI. Each IV access has the potential to introduce 

microorganisms which can be minimised through hand hygiene and ANTT.  

7.2.2 Research Question 2: Is more frequent IVAS replacement necessary for PN 
containing IVFE, compared to other solutions?  

This question was addressed by Phases 2 and 3 of this PhD research.  

Phase 2 was designed to understand the effect of microorganism growth in an IVAS 

model over seven days and to address this research question. Phase 2 established that 

C. albicans grew exponentially in all-in-one PN and IVFE over seven days of continuous 

infusion in an IVAS model, as compared to limited or no growth of C. albicans in 0.9% 

sodium chloride. S. aureus and S. epidermidis exhibited no growth in any of the solutions. 

The growth of C. albicans in all-in-one PN and IVFE supports a requirement for more 

frequent replacement of IVAS used for PN containing IVFE.  

Hypothesis 4 suggests that the first 24 hours growth should predict the growth for 

seven days. This was not the case for C. albicans, which grew exponentially within 48 

hours in all-in-one PN and IVFE, or S. aureus which grew after 24 hours until 72 hours. 

This indicates that if C. albicans was already present in all-in-one PN or IVFE, or was 

introduced due to poor decontamination practices or via the patient’s blood into the 

CVAD, it would replicate and potentially cause a CRI. Consequently, this research cannot 

support a change in clinical practice of prolonging IVAS replacement for PN containing 

IVFE beyond 24 hours.  

The IVAS model was novel, in that it was the first to simulate a continuous infusion 

of all-in-one PN, IVFE and 0.9% sodium chloride and assess its effect on microorganism 

growth using quantities of contamination known to be transferred during clinical care. 

The average number of viable bacteria colonies transferred from ungloved fingertips 

ranges from 4 to 20 CFU per minute during skin contact, direct patient contact, blood 
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sampling and IV injection or care (Pittet et al., 1999). This IVAS model demonstrated the 

safety of weekly IVAS replacement for 0.9% sodium chloride infusions from three 

pathogens known to cause CRI, which is compatible with the clinical practice guidelines 

(O'Grady et al., 2011). Two previous studies (Merlino et al., 1988; Mershon et al., 1986) 

examined microorganism growth in PN in a laboratory model. It is not possible to 

compare the Phase 2 results with the Merlino et al. (1988) model; in that research, the 

authors contaminated the CVAD rather than the bag. The Mershon et al. (1986) study 

reported similar findings to our research when examining C. albicans in IVFE and all-in-

one PN, but found that S. epidermidis grew exponentially in IVFE. The difference in the 

S. epidermidis results can probably be explained by the large numbers of colonies used in 

their model; during the preliminary experiments to determine viability for Phase 2, 

approximately 2,000–3,000 colonies of S. epidermidis were used to seed the IVAS model 

and S. epidermidis replicated in IVFE for 36 hours and in all-in-one PN for 24 hours. 

Neither the Merlino et al. (1988) nor the Mershon et al. (1986) studies reported the use of 

a control solution, such as 0.9% sodium chloride, in their model. Therefore, it is difficult 

to ascertain the comparative effect of microorganisms on PN without control data.  

Phase 3, an analysis of clinical data from a single-centre trial, produced evidence 

that there was no difference in CLABSI in patients who had their entire IVAS replaced 

every four days compared to every seven days, when the specific IVAS for PN containing 

IVFE was replaced daily on a multi-use lumen. The flow of PN into other IVAS has not 

manifested in an increased CLABSI incidence, suggesting that more frequent replacement 

of IVAS for PN containing IVFE may not be required. This will need to be addressed in 

an RCT.  

Guidelines for the administration of PN containing IVFE are more rigorous than 

other IV solutions due to the increased risk of infection and call for the IVAS for 

administering PN containing IVFE to be replaced every 24 hours for this reason. The 

results of this research support this requirement until there is Level 1 (meta-analyses and 

systematic reviews of RCTs) evidence to support a change in clinical practice guidelines. 

Performing hand hygiene immediately before a procedure, known as Moment 2 (Sax et 

al., 2007), is a requirement before preparing IVAS, administering IV medications and 

replacing fluid bags. The results from Phase 1 clearly demonstrated the potential for 

microorganisms to reproduce in all IV solutions, not only PN containing IVFE, and this 

reinforces the need for meticulous hand hygiene, ANTT and decontamination of 
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needleless connectors for all fluids. Hand hygiene audits consistently demonstrate poor 

rates of compliance, which could increase the risk of contamination. The national 

compliance rate for Moment 2 is currently 80% in Australia (Hand Hygiene Australia, 

2018). This means that one in five healthcare workers are not washing their hands 

immediately before a procedure. Is it safe to replace the IVAS for PN containing IVFE 

when we know that hand hygiene and ANTT compliance is inadequate? Daily IVAS 

replacement could be putting patients at risk of microbial exposure due to poor nursing 

practice.  

Since Dudrick et al. (1968) demonstrated that PN could sustain growth, 

development and a positive nitrogen balance, it has been synonymous with adverse 

events, notably CRIs, and especially fungaemias. O’Grady et al. (2011) state in the 

Guidelines for the Prevention of Intravascular Catheter-Related Infections that the main 

theoretical premise behind frequent IVAS replacement is that IVFE supports the growth 

and viability of microorganisms (Avila-Figueroa et al., 1998; Crocker et al., 1984; Jarvis 

& Highsmith, 1984; Melly et al., 1975; Raad et al., 2001; Saiman et al., 2001). This long-

standing argument was formed in an era of compounding PN in hospital pharmacies, 

when the potential for microbial contamination was higher (Thibault & Pichard, 2010). 

Today, compounding usually takes place in sterile manufacturing plants, where the risk of 

microbial contamination has been reduced significantly. Although these PhD results 

concur with the prevailing belief that IVFE supports the growth of microorganisms, 

Phase 3 demonstrated that patients receiving PN containing IVFE were at lower risk of 

CLABSI, but higher risk of MBI-LCBI, than those patients who are not. Therefore, it is 

time to revisit the requirement for daily replacement of IVAS for PN containing IVFE.  

Sitges-Serra et al. (1985) were the first authors to consider reducing the frequency 

of IVAS for PN containing IVFE to reduce CRI. In their observational study, they 

covered the hub connections with antiseptic and decreased hub manipulations, with 

favourable results (Sitges-Serra et al., 1984). This study was followed by a quasi-RCT 

comparing 48-hour versus 96-hour replacement of IVAS for PN containing IVFE. The 

results demonstrated no difference between the groups, but the study was at high risk of 

bias due to inadequate reporting of random sequence generation, allocation concealment 

and baseline descriptions. This study has shown that patients who receive PN containing 

IVFE are not at more risk than those who do not. Additionally, a small subgroup of 

patients who had their IVAS replaced every four or seven days with PN containing IVFE 
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on a multi-lumen CVAD had no difference in CLABSI, which confirms the results of 

Sitges-Serra et al. (1985).  

The pathogenesis of CRIs in patients receiving PN has been summarised by Linares 

et al. (1985), who described the difference between extraluminal and intraluminal 

contamination. Elliott et al. (1988) published the model of pathogenesis that is still used 

today and that informed this study. Despite the insights from the work published by 

Sitges-Serra et al. and Linares et al. in the 1980s, few studies have built on these findings 

to demonstrate definitively the safety of extending the replacement period of IVAS for 

PN containing IVFE to become consistent with other forms of IV fluid. This research 

revisits the safety of prolonging IVAS replacement for PN containing IVFE, adds to the 

previous studies by developing an IVAS model to explore the safety of prolonging IVAS 

replacement for PN containing IVFE and examining patients who receive PN containing 

IVFE on a multi-lumen CVAD whose primary IVAS are replaced every four or seven 

days.  

Previous research has focused on prolonging the replacement period of non-PN 

IVAS but omitted the study of extended PN IVAS replacement.2 After 50 years of 

research, infection control guidelines now state it is safe to replace IVAS not 

administering IVFE or blood products no more frequently than four days but at least 

every seven days (O'Grady et al., 2011). Therefore, this research focuses the attention of 

clinicians and researchers on the appropriate frequency of IVAS replacement for PN 

containing IVFE with the view to prolonging the replacement period in the same manner 

as IVAS for non-PN solutions.  

The body of research on prolonging the time before IVAS replacement has been 

synthesised and meta-analysed by Ullman et al. (2013), who found that IVAS may be left 

in place for intervals of up to 96 hours without increasing the risk of CRI. A subgroup 

analysis of patients receiving PN, defined as the infusion of basic nutrients through the 

venous system with or without the infusion of IVFE, were found not to be more likely to 

develop CRBSI if their IVAS were replaced less frequently (risk ratio 1.25; 95% CI, 

                                                 
2 Blight, Amadio, Thomas, Wilkinson, & Lusis (1998); Buxton et al. (1979); Covey, McLane, Smith, 
Matasic, & Holm (1988); deMoissac & Jensen (1998); Gorbea, Snydman, Delaney, Stockman, & Martin 
(1984); Jakobsen et al. (1986); Josephson, Gombert, Sierra, & Karanfil (1985); Luskin, Weinstein, Nathan, 
Chamberlin, & Sherwin (1986); Maki, Botticelli, LeRoy, & Thielke (1987); Matlow et al. (1999); McLane, 
Morris, & Holm (1998); Raad et al. (2001); Rickard, Lipman, Courtney, Siversen, & Daley (2004); 
Snydman, Donnelly-Reidy, Perry, & Martin (1987). 
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0.12–12.91; p = 0.85), although the confidence intervals were wide and the comparison 

underpowered to statistically detect clinically important differences. The results from this 

study agree with the findings of that systematic review; in Phase 3, it was observed that 

there were more CRBSIs in the 7-day group (3/57; 6%) compared to the 4-day group 

(1/53; 2%), although this result was not statistically significant (p = 0.35).  

In clinical practice, if a patient displays the signs and symptoms of infection a 

‘septic screen’ is instigated immediately before commencing antibiotics, if appropriate. 

CVADs do not need to be removed based solely on a fever. The Infusion Therapy 

Standards of Practice (Infusion Nurses Society, 2016) recommend using clinical 

judgement if there is a known source of infection at another site or the cause of the fever 

is thought to be non-infectious. CVADs can salvaged with the appropriate use of IV 

antimicrobials and ethanol lock therapy to sterilise the CVAD. An affected patient would 

need to be monitored closely for signs of deterioration. Furthermore, the IVAS should be 

replaced at the time of the fever if the infusate is suspected of either intrinsic 

contamination (i.e., during the manufacturing process) or extrinsic contamination (i.e., 

during the preparation and the administration of IV medications and fluids). 

In summary, the evidence presented by this research in respect of this research 

question is insufficient to suggest that it is safe to prolong the frequency of replacing IVAS 

for PN containing IVFE. We need to maintain the status quo with regards to daily 

replacement for IVAS for PN containing IVFE until there is further evidence to support 

this change in clinical practice.  

7.2.3 Research Question 3: What is the influence of PN containing IVFE on CRI in 
patients with CVADs? 

This final question was addressed by Phase 3, which compared CRI outcomes in 

patients who had received PN containing IVFE with patients who had not received these 

solutions. The systematic review presented in Chapter 3 revealed that there was no 

difference when patients had PN containing IVFE administered through a dedicated or 

multi-use lumen. In Phase 3, patients receiving PN containing IVFE were not at more risk 

of CLABSI than those who did not, which indicates that PN containing IVFE does not 

influence CRIs.  

As proposed by Hypothesis 5 (that there will be significant differences in CVAD, 

IVAS and patient and treatment risk factor data between patients who received PN 

containing IVFE versus those who did not receive IVFE), the IVFE group consisted of a 
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higher proportion of allogeneic haematopoietic stem cell transplant and surgical patients 

than the no-IVFE group. The IVFE group were more likely to require IV steroids, IV 

immunotherapy, and pre-packed and ward-prepared IV medication, which is consistent 

with supportive care required during an allogeneic haematopoietic stem cell transplant. 

Furthermore, this group had more triple-lumen tunnelled cuffed CVADs inserted, which 

is normal with an allogeneic haematopoietic stem cell transplant. This is a high-risk group 

of immune-compromised patients who require multiple accesses to their CVAD each day, 

with potentially increased risk of exposure to contaminants and subsequent CRI 

development.  

There were significantly more positive blood cultures in the IVFE group (no-IVFE 

176/627; 28% versus IVFE 76/180; 42%; p < 0.001). This result is consistent with the 

patient characteristics and risk factors of the IVFE group, and with Hypothesis 6 (that 

there would be significant differences in CRI between patients who received IVFE versus 

those who did not receive IVFE).  

With the increased numbers of positive blood cultures in patients receiving PN 

containing IVFE, it would be expected that this would translate to higher rates of CRI. 

However, host and treatment factors must play an important role, as colonisation does not 

always develop in to an infection. When the NHSN and non-NHSN definitions were used 

to classify outcomes, it did not increase CRIs in the IVFE group. None of the other BSI 

outcomes were significantly different between groups, except for MBI-LCBI, which was 

significantly more common in patients in the IVFE group compared to the no-IVFE group 

(no-IVFE 41/627; 7% vs IVFE 31/180; 17%; p < 0.001).  

The unanticipated result was that while there were similar numbers of CLABSIs in 

the two groups (no-IVFE 57/627; 9% versus IVFE 15/180; 8%; p = 0.882), once time was 

considered using Kaplan-Meier curves, survival from CLABSI was significantly superior 

in the IVFE group (Figure 6-2A, log rank p = 0.011). Therefore, this study has 

demonstrated that PN containing IVFE does not increase CRI in patients with a CVAD. 

This result contradicts the predominant belief portrayed in the literature. This is the first 

study to have classified primary BSIs as either a CLABSI or a MBI-LCBI in patients 

receiving PN containing IVFE.  

There is a disparity between the guidelines and the practice of administering PN on 

a dedicated lumen. Hospital practices may not always follow the universally accepted 

recommendation under international guidelines that PN be administered on a dedicated 

CVAD lumen (Camp-Sorrell, 2011; Loveday et al., 2014; Mirtallo et al., 2004; Pittiruti et 
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al., 2009). These guidelines are not always practicable in patients with complex illnesses 

and healthcare needs. On the haematopoietic stem cell transplant unit, where many of the 

Phase 3 patients were studied, PN containing IVFE is administered via extension tubing 

with compatible IV medications to ensure all medications and fluids are administered as 

prescribed. At the bifurcation on the extension tubing, the IV fluids enter the same tubing 

and are mixed together and can flow up the other connected IVASs (see Figure 4-4). This 

deviation from the policy is due to the complex nature and high demand on vascular 

access during a haematopoietic stem cell transplant, when patients are unable to swallow 

any of their medications due to severe mucositis and need to have all their medications 

administered intravenously.  

The systematic review presented in Chapter 3 found that just one RCT and a 

conference abstract considered the effect of a dedicated single lumen for PN on BSI 

outcomes, and found no difference in CRBSI between the groups. The Phase 3 analysis 

was unable to consider the effect of a dedicated lumen versus a multi-use lumen as no 

patients receiving PN containing IVFE in the secondary analysis had a single-lumen 

CVAD inserted. The paucity of literature identified by the systematic review suggests that 

this is an area that requires further investigation.  

This research question has, therefore, presented data to challenge the perception that 

PN containing IVFE increases the risk of CRI in patients with a CVAD. It appears that 

microorganisms translocated from the damaged mucosal barrier may play a more 

important role than previously considered. Some recent studies are retrospectively 

reporting primary BSIs and classifying BSIs as either CLABSI or MBI-LCBI; these 

studies are revealing that 44–71% of primary BSIs in the oncology haematology and 

haemopoietic stem cell transplant populations are MBI-LCBI (Dandoy et al., 2016; 

Epstein et al., 2016; Gaur et al., 2017; Kato et al., 2018; Metzger et al., 2015; Torres et 

al., 2016; Vaughan et al., 2017) and between 8–10.5% in the general hospital population 

(Epstein et al., 2016; See et al., 2017). The evidence provided by this research question 

will hopefully increase awareness and understanding of the new MBI-LCBI classification 

and facilitate a change in clinical practice. This, in turn, will allow for more accurate BSI 

classification, treatment and management in this vulnerable cancer population to reduce 

unnecessary CVAD removal and replacement, improve antimicrobial stewardship and, 

consequently, reduce healthcare costs.  
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7.2.4 Overall findings  

There are deeply held cultural beliefs (in the clinical setting) about the infection 

risks associated with PN. The aim of this study was to assess the influence of PN on the 

growth of clinically relevant microorganisms and infection risk. Overall, the findings of 

this research, including two systematic reviews, laboratory studies and clinical data 

analysis, indicate that PN does have substantial impact on the growth of clinically 

relevant microorganisms, but that the effect on infection risk is uncertain. The laboratory 

studies demonstrated that microorganisms known to cause CRI are able to grow 

exponentially, especially in the case of C. albicans, in all-in-one PN and IVFE. However, 

the results of the systematic reviews and secondary data analysis indicate that the risks of 

developing a CRBSI or a CLABSI in patients receiving PN containing IVFE are 

overestimated, now that MBI-LCBI is being used as a further classification. 

This research has demonstrated that microorganisms, especially C. albicans, have 

the potential to grow in PN containing IVFE in vitro and in a simulated ex vivo IVAS 

model, and that such growth continues exponentially up to seven days (the duration of the 

experiment). In the clinical setting, less than 2% of the IVFE group were classified as 

having a Candida infection—and two out of the three of these infections were classified 

as a MBI-LCBI rather than as a CLABSI, the gastrointestinal tract having more 

involvement than expected. There were no fungaemias in the no-IVFE clinical group. 

Overall CLABSI rates (taking all microorganisms into account) in the clinical 

setting (Phase 3) were shown to be significantly lower in the IVFE compared to the no-

IVFE groups. This is in conflict with long-standing beliefs, which can perhaps be 

challenged effectively as a result of these findings.  

PN has been associated with CRBSI, including fungaemia, in previous research, but 

most studies have reported fungaemia only in patient groups receiving PN without a 

control group (Apelgren, 1987; Armero et al., 1991; Borzotta & Beardsley, 1999; 

Freeman et al., 1990; Ishizuka et al., 2008; Kawagoe et al., 2001; Perek et al., 2006; 

Perlman et al., 2007; Rodriguez-Pardo et al., 2014). This knowledge drove the 

requirement for a control group during each of the three phases of this study. Injury to the 

mucosal barrier has never previously been acknowledged in the literature in patients 

receiving PN.  

The first systematic review, presented in Chapter 2, demonstrated that evidence to 

support the theory that patients receiving PN were more at risk of CRBSIs than patients 
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not receiving PN was inconclusive (Gavin et al., 2017). This systematic review included 

11 observational studies (eight prospective and three retrospective) published between 

1986 and 2014, comprising 2,854 participants with 6,287 CVADs. Incidence ranged from 

0 to 6.6 CRBSIs per 1,000 CVAD days in the PN patients, and 0.39 to 3.6 CRBSIs per 

1,000 CVAD days in the non-PN patients. These studies were published before See et al. 

(2013) introduced the concept of MBI-LCBI; therefore, the impact of microorganisms 

translocating from the gastrointestinal tract may have increased the incidence of CRBSI.  

Since the database searches conducted for this systematic review on 14 July 2015, 

two studies have reported CLABSIs in patients receiving PN and those not receiving PN. 

Ippolito et al. (2015) published a retrospective study that included 4,839 patients with a 

CVAD, of whom 122 (2.5%) received PN. Patients were 4.33 times more likely to 

develop CLABSI if they received PN than if they did not (OR 4.33; 95% CI 2.50–7.48; 

p < 0.0001). Fonseca et al. (2018) published a large retrospective study that included 

38,674 patients with a CVAD over a 6-year period, of whom 767 (< 2%) received PN. 

There were 3,517 patients who were classified as having a CLABSI. Patients were 2.65 

times more likely to develop a CLABSI if they received PN (OR 2.65; 95% CI 2.20–3.19; 

p < 0.0001).  

The inclusion of these two studies in the systematic review would provide further 

corroborating and significant results in favour of non-PN for CLABSI. Ippolito et al. 

(2015) and Fonseca et al. (2018), as is the case in all the studies included in the 

systematic review, did not differentiate between CLABSI and MBI-LCBI; hence the 

disparity with the results of Phase 3.  

Many advances in vascular access care have focused on insertion techniques 

(Takashima, Ray-Barruel, Ullman, Keogh, & Rickard, 2017) with the development of 

insertion bundles (Pronovost et al., 2006). Reaching zero CLABSI is becoming a reality 

in short-dwell CVADs, although a zero-CLABSI target may be unachievable in certain 

cancer populations if microorganisms that translocate from the gastrointestinal tract are 

not classified separately to CLABSI.  

The MBI-LCBI classification was introduced specifically for the cancer population 

(See et al., 2013). No studies to date have compared patients receiving IVFE compared to 

those not receiving IVFE for the outcome of primary BSI; the secondary data analysis 

study presented in Chapter 6 is the first study to classify primary BSIs as CLABSIs or 

MBI-LCBIs. This new knowledge demonstrated that patients who received PN containing 
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IVFE were at significantly less risk of developing a CLABSI than patients not receiving 

PN containing IVFE, once time at risk and MBI-LCBIs were accounted for. Phases 1 and 

2 demonstrated that microorganisms known to cause CRI will grow in PN containing 

IVFE. If microorganisms enter the blood, and consequently the CVAD, from the 

gastrointestinal tract, they will multiply and the patient will display symptoms of sepsis.  

Currently, studies reporting the incidence of MBI-LCBI are retrospective studies. It 

is imperative that a way is found to classify MBI-LCBI prospectively, so that unnecessary 

CVAD removal and replacement can be reduced. This could have huge implications for 

vessel health and preservation for the patient. Approximately one-quarter of CVADs at 

the study centre are removed due to suspected infection before cancer treatment 

completion and subsequently replaced with newly inserted CVADs, only to have these 

fail (Gavin, Northfield, Somerville, Larsen, & Marsh, 2017).  

If it could be demonstrated that less-frequent IVAS replacement is safe for PN 

containing IVFE, as it has been proved for non-PN IVAS, it would produce significant 

advantages. From an institutional perspective, this would have a positive effect directly 

on ward budgets, as fewer IVAS would be required, and indirectly on the expense of 

incinerating clinical waste. Finally, this reduction in usage would have an environmental 

impact, with less tubing and packaging.  

7.2.5 Contribution to knowledge 

There are several novel aspects to this PhD research. This is the first programme of 

study that has taken a bench-to-bedside approach to assess the influence of PN containing 

IVFE on microorganism growth by making a comparison with non-PN solutions in a 

variety of environments from the laboratory to the clinical setting. A comprehensive and 

programmatic approach has been used to address these clinical research questions, adding 

knowledge, theory and depth of practice that has not previously existed in the area. This 

thesis contains two published systematic reviews, which are the first to be published on 

either topic.  

The results from Phase 2 have been published in the Journal of Parenteral and 

Enteral Nutrition. This is the first time an IVAS simulation model has been developed to 

examine replacing IVAS at seven days, using the number of colonies that would be 

expected if contamination occurred when administering IV medications. This model 

supports the preliminary data from The RSVP Trial that IVAS for non-PN solutions are 

safe to be replaced at seven days.  
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This is the first study to demonstrate the impact of the translocation of 

microorganisms commensal to the gastrointestinal tract on primary BSIs. It points to the 

need for MBI-LCBI to be considered in clinical practice for the cancer population 

receiving PN containing IVFE so that CLABSIs are not incorrectly diagnosed. The 

secondary data analysis is the second-largest study to date to compare patients receiving 

IVFE with those not receiving IVFE - the largest study was conducted by Fonseca and 

colleagues (2018), and the first to classify primary BSIs as either CLABSI or MBI-LCBI 

in this population. This body of work will serve as a basis for future research to improve 

infection prevention strategies for patients receiving PN containing IVFE and all patients 

with a CVAD.  

7.2.6  Theoretical implications 

Improvements in CVAD management saw a 58% decrease in CLABSI from 2001 

to 2009 in the intensive care population (Saint et al., 2014). Similar decreases have been 

reported in the cancer population, with a drop in CRBSI from 56% to 25% in the 15-year 

period from 1999–2000 to 2013–2014 (Chaftari et al., 2018). However, the CVAD is still 

often considered responsible for BSI and is subsequently removed, thus necessitating 

reinsertion, which increases additional risk of infective and mechanical complications.  

Between 70 and 85% of CVADs are removed unnecessarily after laboratory 

analysis (Tomlinson et al., 2011). Phase 3 has shown that IV antibiotics were prescribed 

for three-quarters (635/807; 78.7%) of the patients with suspected disease, which 

included but was not exclusively due to suspected CVAD infection. Of this group, two-

thirds of the patients (62%; 395/635) did not have a positive blood culture, compared to 

one-third (38%; 240/635) who had a positive blood culture.  

This data indicates that fever greater than 38°C, which triggers a ‘septic screen’, is 

not always due to pathogens. Fever can be caused by other means, such as haemolytic 

blood transfusion reactions, hypersensitivity reactions to monoclonal antibodies or 

engraftment after a haematopoietic stem cell transplant, and sometimes might be 

fastidious or ‘unculturable’.  

Cancer and its treatment decrease the ability to fight infection and damage the 

mucosal barrier, resulting in mucositis. This damage allows microorganisms from the 

gastrointestinal tract to translocate into the blood. The findings of this study suggest that 

patients receiving PN containing IVFE are at lower risk of developing a CLABSI 
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compared to non-PN patients when MBI-LCBIs are classified and survival curves 

considered.  

Distinguishing BSI related to CVADs from those that occur through other 

mechanisms will facilitate BSI treatment efforts and improve reliability of benchmarking 

comparisons of CLABSI. The new classification of MBI-LCBI was developed by the 

NHSN to address this clinical problem. However, the uptake of this classification in 

research and clinical practice has been limited. It is hoped that the publication of this PhD 

research will lead to a greater understanding of the translocation of microorganisms from 

the non-intact mucosal barrier and its impact on reducing CLABSI.  

The introduction of a more rigorous process for determining MBI-LCBI will 

increase awareness and understanding of the new classification and facilitate a change in 

clinical practice. This, in turn, will allow for more accurate BSI classification, treatment 

and management in this vulnerable cancer population to reduce unnecessary CVAD 

removal and replacement, improve antimicrobial stewardship and, consequently, reduce 

healthcare costs. 

7.2.7  Limitations 

There are several limitations that need to be noted.  

Systematic reviews 

The studies included in both of the systematic reviews were assessed to be at 

moderate to critical risk of bias using the Cochrane risk of bias assessment tools for RCTs 

(Higgins et al., 2011) and non-randomised studies of interventions (ACROBAT-NRSI) 

Tool (Sterne et al., 2014). The reporting of confounding variables was poorly described in 

the non-randomised studies. It was, therefore, not possible to pool data and the results 

needed to be reported descriptively. In general, the studies did not describe how the 

CVADs and IVAS were maintained. This is a limitation because differences between the 

intervention and the control group characteristics are not accounted for in the study 

design (Sterne et al., 2014). Despite these reasons not being articulated, they had to exist. 

The primary outcome was reported as CRBSI per patient in only one study. Therefore, the 

primary outcome was reported per CVAD or per patient with multiple CVADs. Using the 

CVAD as the unit of analysis is a potential weakness as each patient may be exposed to 

the intervention more than once. Estimates of the true values were imprecise, so the actual 

estimate remains unclear.  



  

Chapter 7: Discussion, recommendations and conclusions 168  

Phases 1 and 2 

The primary limitation of these laboratory studies was that only one microorganism 

was tested at a time. It would have been more clinically relevant to contaminate the hands 

of the PhD student with known quantities of microorganisms and handle and contaminate 

components of the IVAS model rather than inoculating drug port #1 with 

microorganisms. The IVAS model would have required modifying to fit into the safety 

cabinet and would have necessitated the sole use of the safety cabinet for eight days 

which was not practical in a busy laboratory. This IVAS model was unable to address 

what happens when the CVAD enters the body, such as the deposition of extracellular 

matrix proteins that may promote microorganism adherence to the CVAD material 

(Donlan, 2002). The formation of biofilms or the interaction of the microorganisms with 

human blood was not examined. It could be expanded further to be an IVAS and CVAD 

model, which would allow for the fluid in the IVAS to come into contact with human 

serum in the CVAD. A further limitation of this study was that samples were collected 

only three times during a 24-hour period. Hourly sampling was not possible due to time 

and funding constraints. In addition, as in all in vitro studies, the limitations of this design 

are that they are Level V, the lowest rating on the Levels of Evidence, and not 

generalisable to humans (Burns, Rohrich, & Chung, 2011).  

 Phase 3 

It must be recognised that Phase 3 was a secondary data analysis of an RCT and 

patients were not (and could not be) randomised to receive PN or not. This means 

selection bias is likely unavoidable (Reeves, Deeks, Higgins, & Wells, 2011) and this was 

clearly seen in the result that patients were very different in the two groups. No definitive 

judgement on frequency of IVAS replacement for PN containing IVFE can be made since 

the analysis comparing 4- versus 7-day IVAS replacement in the haematopoietic stem cell 

transplant patients did not show a difference in CLABSI. The results need to be viewed 

with caution, as the numbers in this subgroup analysis were small and the patients were 

not randomised to their allocation.  

7.3 RECOMMENDATIONS 

There are eight recommendations presented which are designed to guide future 

research, clinical practice and healthcare policy.  
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7.3.1 Future research 

This study is a first step toward challenging the belief that patients receiving PN 

containing IVFE are more at risk of BSIs than patients not receiving PN. It is a 

programme of research that will continue beyond the confines of this doctorate.  

 Recommendation 1: Undertake an RCT to examine the safety of prolonging the 
replacement of IVAS for patients receiving PN containing IVFE.  

The findings of this research demonstrated that patients receiving PN containing 

IVFE are at no more risk of developing a CLABSI than patients not receiving PN 

containing IVFE. Initially, it is important to conduct a pilot RCT to assess the feasibility 

of undertaking a non-inferiority RCT. The pilot RCT should compare the current practice 

of replacing IVAS administering PN containing IVFE every 24 hours, as per current 

international guidelines, versus IVAS replacement every four to seven days.  

This would build on the research published by Sitges-Serra et al. (1985), who 

compared 48- versus 96-hour replacement for IVAS for PN containing IVFE. My 

analysis comparing 4- versus 7-day IVAS replacement in the haematopoietic stem cell 

transplant patients did not show a difference in CLABSI. The pilot RCT should include a 

microbiological sub-study to report the microorganisms colonising the gastrointestinal 

tract (via faecal sample), blood, needleless connectors and CVAD tips, and a health 

economic sub-study to investigate the cost implications of reducing IVAS replacement 

beyond the simple cost of the IV components. It is important that the premise of 

comparing PN containing IVFE to a control group continue into future research due to the 

baseline differences between the two groups of patients. Therefore, it is proposed that 

microorganisms from the gastrointestinal tract, blood, needleless connectors and CVAD 

tips of patients be compared to those who did not receive PN containing IVFE.  

 Recommendation 2: Explore changes in gastrointestinal tract microbiome in 
patients at high risk of MBI-LCBI and its implication on primary BSIs.  

This research demonstrated a halving of CLABSI when MBI-LCBI was applied to 

this group of 807 patients (Figure 6-1). Future research needs to focus on the 

translocation of microorganisms from the gastrointestinal tract to the bloodstream and, in 

turn, into the CVAD. As the microbiome of the gastrointestinal tract differs to that on the 

skin, the identification at species level would be a strong indicator. To date, researchers 

have studied the changes in bacterial communities in the gastrointestinal tract of patients 

undergoing induction chemotherapy for acute myeloid leukaemia (Galloway-Pena et al., 
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2017) and their allogeneic haematopoietic stem cell transplant (Holler et al., 2014; Jenq et 

al., 2015). It is important that future research includes fungal, as a minimum, bacterial, as 

standard, and viral, if possible, communities. Haematology and haematopoietic stem cell 

transplant patients are prescribed prophylactic antibiotics, antifungals and antivirals, 

which impact on the gastrointestinal tract microbiome. Understanding fungal as well as 

bacterial communities would facilitate greater understanding of haematogenous seeding 

in CRI pathogenesis. This shift in the focus of research and treatment would, in turn, 

improve CLABSI prevention strategies, as there would be a greater understanding of the 

significance of the translocation of gastrointestinal tract microorganisms in this 

population.  

 Recommendation 3: Development of IVAS models. 

Laboratory models are an excellent way to undertake research that would be 

impossible in human populations due to ethical considerations. In the future, this IVAS 

model could be used to examine additional microorganisms, the impact of contamination 

load, and multiple species contamination, or modified to assess changes to IVAS 

components or vascular access devices, such as new materials with anti-microbial 

properties. 

7.3.2  Clinical practice 

Recommendation 4: Replace IVAS for PN containing IVFE every 24 hours.  

Phase 2 of this study investigated prolonging the replacement of IVAS for PN 

containing IVFE beyond 24 hours. The results of this laboratory study demonstrated that 

C. albicans can grow exponentially in the IVAS environment and do not justify a change 

in clinical practice, as this needs to be studied in a patient population. This translational 

research has shown that the results of these laboratory experiments are not generalisable 

to the patient outcomes observed in the clinical trial. Additionally, patient studies have a 

higher level of evidence compared to laboratory studies. It is recommended that the status 

quo of daily replacement for PN IVAS (Ayers et al., 2014; Infusion Nurses Society, 2016; 

Loveday et al., 2014; O'Grady et al., 2011; Pittiruti et al., 2009) be maintained until a 

definitive RCT has been published. The mortality and morbidity associated with BSIs is 

too high to consider extending the frequency of IVAS replacement for PN containing 

IVFE until there is absolute confidence that a change in clinical practice can be made 

without putting patients at additional risk.  
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Recommendation 5: Minimise CVAD and IVAS manipulations.  

As far as clinically practicable, CVAD and IVAS manipulations should be 

minimised to reduce the risk of introducing microorganisms into a sterile closed circuit. 

This recommendation is supported by the results of Phases 1 and 3. Phase 1 demonstrated 

that the microorganisms tested grew in all solutions tested, except 50% glucose, but 

especially all-in-one PN and IVFE. In Phase 3, approximately 10% of patients (95/807) 

grew a single common contaminant in their blood cultures. This provides conclusive 

evidence that maintenance practices need to be of the highest standard for all patients 

with a CVAD, as well as those receiving PN containing IVFE. This is important for all 

CVADs and IV accesses, but imperative when administering PN (Infusion Nurses 

Society, 2016; Loveday et al., 2014).  

 Recommendation 6: Hand hygiene and decontaminate needleless connectors 
before each IV access.  

Impeccable hand hygiene at each of the five moments of hand hygiene (Sax et al., 

2007) will decrease the risk of CLABSI by ensuring that microorganisms from healthcare 

workers’ hands, patients’ skin or the environment do not enter and colonise a sterile 

device.  

Approximately one-third of positive blood cultures analysed in Phase 3 contained a 

single common commensal. There were more positive blood cultures containing single 

common commensals collected from CVAD lumens compared to samples drawn through 

a peripheral vein (see Appendix N), which may indicate that decontamination practices 

for needleless connectors are inadequate, since blood was drawn through these 

connectors, as blood may have been contaminated as it was drawn through the CVAD 

and IVAS.  

At the study site, needleless connectors are decontaminated with 70% isopropyl 

alcohol for five seconds. Currently, there is a lack of consensus in the guidelines—epic3 

recommends using chlorhexidine for 15 seconds with a 15-second drying time (Loveday 

et al., 2014), whereas the Infusion Nursing Society (Infusion Nurses Society, 2016) 

recommends performing a vigorous mechanical scrub for manual disinfection of the 

needleless connector prior to each CVAD access and allowing it to dry. The length of 

contact time for scrubbing and drying depends on the design of the needleless connector 

and the properties of the disinfecting agent. Scrub time varies from five to 60 seconds.  
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Like good hand hygiene, needleless connector decontamination is an important line 

of defence against CRI. Rigorous clinical trial data is urgently required to establish the 

best solution (isopropyl alcohol or chlorhexidine), timing and mode (active or passive) to 

achieve maximal reduction in microorganism burden. Observational studies of IV 

practices have shown that clinicians do not decontaminate needleless connectors for more 

than five seconds (Keogh, Marsh, Higgins, Davies, & Rickard, 2014; Keogh et al., 2017).  

7.3.3  Healthcare policy 

Recommendation 7: Application of MBI-LCBI as a primary BSI classification 
into research and clinical practice.  

The results of the secondary data analysis have demonstrated that patients receiving 

PN containing IVFE are not at more risk of CLABSI compared to patients who did not 

receive PN containing IVFE when classifying eligible primary BSIs as MBI-LCBI.  

This research supports the differentiation of primary BSI as MBI-LCBI or CLABSI. 

Some recent studies have retrospectively reported primary BSIs and classified BSIs as 

either CLABSI or MBI-LCBI since See et al. (2013) field-tested MBI-LCBI as a new 

primary BSI classification to distinguish BSIs derived from the gastrointestinal tract from 

those derived from CVADs. These studies are revealing that 44–71% of primary BSIs in 

the oncology, haematology and haematopoietic stem cell transplant populations (Dandoy 

et al., 2016; Epstein et al., 2016; Gaur et al., 2017; Kato et al., 2018; Metzger et al., 2015; 

Torres et al., 2016; Vaughan et al., 2017) and 8–10.5% in the general hospital population 

(Epstein et al., 2016; See et al., 2017) are MBI-LCBI. The higher percentages were seen 

when evaluating the burden of MBI-LCBI in cancer populations, which is consistent with 

the findings of this study. Improvements in CVAD insertion and maintenance practices 

will not reduce CLABSI in cancer populations if we do not consider microorganisms that 

seed haematogenously from the gastrointestinal tract. It is important that clinicians and 

researchers are educated about MBI-LCBI and the classification be applied to clinical 

practice.  

In practice, in the absence of another source of infection, the cause of infection will 

be attributed to the CVAD (Tomlinson et al., 2011). This can lead to the CVAD being 

removed and replaced, resulting in poor patient experience, prolonged hospitalisation, 

increased healthcare costs and higher mortality (Loveday et al., 2014; Mermel et al., 

2009; Worth, Seymour, & Slavin, 2009). CLABSIs are therefore an important measure of 

healthcare quality and have financial implications as they are a preventable adverse event. 
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 Recommendation 8: National reporting and monitoring of CLABSI and MBI-
LCBI.  

This research demonstrated a halving of CLABSI when the MBI-LCBI definition 

was applied. Distinguishing BSI related to CVADs from those that occur through other 

mechanisms will facilitate BSI prevention efforts and improve reliability of 

benchmarking comparisons of CLABSI. Currently in Australia, only intensive care units 

voluntarily report CLABSIs to the Australian and New Zealand Intensive Care Society 

(Australia and New Zealand Intensive Care Society, 2012). It is important that hospitals 

have the ability to benchmark their performance against comparable patient groups, units 

and hospitals. Outside the intensive care population, only S. aureus bacteraemia is 

reported to the Australian Institute of Health and Welfare My Hospitals website 

(Australian Institute of Health and Welfare, 2018) and these may or may not be CVAD-

related. These systems of national reporting have driven improvements in patient care. 

National reporting and monitoring of CLABSI and MBI-LCBI will allow for more 

accurate primary BSI classification, treatment and management in this vulnerable cancer 

population to reduce unnecessary CVAD removal and replacement, improve 

antimicrobial stewardship and reduce healthcare costs.  

7.4 DISSEMINATION PLAN FOR THE RESEARCH FINDINGS 

Three publications from this PhD have been published and a fourth will be 

submitted for publication once the manuscript from the parent trial has been published. 

This work has been, or will be, submitted for publication to high-ranking, international, 

peer-reviewed journals to ensure wide and appropriate dissemination of findings. 

Additionally, research findings have been disseminated via presentations at national and 

international scientific conferences in the nutrition, vascular access, infection control and 

cancer communities. The three published manuscripts have been and the fourth will be 

disseminated to a large clinical audience through social media, such as IVTEAM, the 

AVATAR (Alliance for Vascular Access Teaching and Research) group and the Cancer 

Nurses’ Society of Australia online knowledge sharing network Sosido.  

Findings can also be disseminated by contacting manufacturers of PN and IVAS 

directly, such as Baxter who provided funding for Phases 1 and 2. Additionally, clinical 

guideline and policy writers could be contacted when guidelines and policies are due to 

be updated. The PhD student has presented these results at the hospital where the research 

was conducted and met with the Board Chair of the Metro North Hospital and Health 
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Service Safety and Quality Committee to discuss the introduction of the MBI-LCBI 

classification into practice at the RBWH, the wider Metro North community of five 

hospitals and Queensland Health.  

7.5 CONCLUSION AND FINAL REFLECTIONS 

This thesis has advanced the understanding of the pathogenesis of primary BSIs in 

patients receiving PN containing IVFE through a CVAD. The impact of the classification 

of MBI-LCBI in uncovering the potential effect of gastrointestinal microorganism 

translocation on primary BSI has been an unexpected finding and may change the 

theoretical landscape in terms of better understanding the infection risk previously 

attributed to PN delivered via CVADs and IVAS in general. 

The clinical prevention and management of CRI is complex and insufficient 

attention has been paid to patients receiving PN in particular. As a consequence, there is a 

lack of evidence to support and guide clinical practice in this important area of infection 

prevention and control. This study will go some way towards building an evidence base 

upon which to refine clinical practice, policy and guidelines to improve clinical practice 

and patient outcomes. 
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Appendices  

Appendix A  Copyright permission to reproduce Elliott (1988) Potential sources of 

microorganisms causing CRI in Figure 1-1 
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Appendix B Copyright permission to reproduce Gavin et al. (2017) in Chapter 2 and 

Gavin et al. (2018) in Chapter 5 
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Appendix C Copyright permission to reproduce Gavin et al. (2018) in Chapter 3 
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Appendix D Copyright permission to reproduce Westfall et al. (2007) “Blue 

Highways” on the NIH Roadmap in Figure 4-1 
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Appendix E Patient Information and Consent Form for The RSVP Trial 
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Appendix F  HREC approval from Gold Coast for The RSVP Trial 
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Appendix G  HREC approval from Griffith University for The RSVP Trial 
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Appendix H Site specific approval from RBWH for The RSVP Trial 
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Appendix I  Transfer of HREC from Gold Coast to Queensland Children’s Health 

Service 
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Appendix J  Letter requesting HREC approval for PhD sub-study 
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Appendix K HREC approval from CHQ for PhD sub-study 
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Appendix L  HREC approval for PhD sub-study 
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Appendix M UQCCR Occupational Health and Safety training report 
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Appendix N Supplementary materials infection outcomes definitions 

Box S1: NHSN definitions (Centers for Disease Control and Prevention, 2018a) 

Common commensal. If organism is a Common Commensal it must be the only 

organism identified. Common Commensal organisms include, but not are not limited to, 

diphtheroids (Corynebacterium spp. not C. diphtheria), Bacillus spp.(not B. anthracis), 

Propionibacterium spp., coagulase-negative Staphylococci (including S. epidermidis), 

viridans group Streptococci, Aerococcus spp. Micrococcus spp, and Rhodococcus spp. 

For a full list of Common Commensals see the Common Commensal tab of the NHSN 

organisms list. 

Laboratory confirmed bloodstream infection. In the NHSN, a positive blood culture 

satisfies the laboratory-confirmed bloodstream infection (LCBI) surveillance definition 

for a primary BSI if (1) it is determined to be healthcare-associated, (2) it is not related to 

another type of healthcare-associated infection meeting NHSN criteria (i.e., not a 

secondary BSI), and (3) either a common commensal organism (e.g., coagulase-negative 

Staphylococcus species, viridans group Streptococcus species) is isolated from a blood 

culture on two occasions in a patient with specified signs/symptoms of BSI or a 

recognized pathogen (e.g., Staphylococcus aureus, Escherichia coli) is isolated from at 

least one blood culture. If the criteria for LCBI are met and the patient has a central line 

in place during a specified time frame, then the LCBI is further classified as a CLABSI. 

Central line -associated bloodstream infection. A CLABSI is a laboratory-confirmed 

bloodstream infection in a patient where the central line was in place for more than two 

calendar days (48 hours) on the date of the event, with day of device placement being 

Day 1. 

and 

The central line was in place on the date of event or the day before. If the central line was 

in place for more than two calendar days (48 hours) and then removed, the CLABSI 

criteria must be fully met on the day of discontinuation or the next day. 

The CLABSI must meet one of the following criteria: 

Criterion 1 

Patient has a recognised pathogen cultured from one or more blood cultures 

and 

Organism cultured from blood is not related to an infection at another site. 

Criterion 2 
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Patient has at least one of the following signs or symptoms: fever (> 38°C), chills, 

or hypotension. 

or 

Patient less than one year of age has at least one of the following signs or symptoms: 

fever (> 38°C core), hypothermia (< 36°C core), apnoea or bradycardia. 

and 

Organism cultured from blood is not related to an infection at another site. 

and 

The same (matching) potential contaminant organism^ is cultured from two or more 

blood cultures drawn on separate occasions. 

Criterion elements must occur within a timeframe that does not exceed a gap of one 

calendar day (24 hours) between any two elements e.g., positive blood cultures and fever. 

The same (matching) potential contaminant organisms represent a single element. The 

collection date of the first positive blood culture should be used to determine the date of 

the event. 

Mucosal barrier injury laboratory confirmed bloodstream infection. A healthcare-

associated primary BSI (i.e., meeting the NHSN LCBI definition) is defined as a MBI-

LCBI if it (1) resulted from one or more of a group of selected organisms known to be 

commensals of the oral cavity or gastrointestinal tract and (2) occurred in a patient with 

certain signs or symptoms compatible with the presence of mucosal barrier injury. For a 

BSI to be classified as MBI-LCBI, both the organism criteria and the patient criteria must 

be met. Eligible organisms included Candida species, Enterococcus species, 

Enterobacteriaceae, viridans group Streptococcus species, and certain anaerobes 

(Bacteroides, Clostridium, Fusobacterium, Prevotella, Peptostreptococcus, Veillonella) 

without isolation of additional recognized pathogens or common commensal organisms. 

Additionally, the BSI was required to occur in a patient with either of the following: 

  1. An allogeneic hematopoietic stem cell transplant in the past year and one of the 

following documented during the same admission as the positive blood culture: 

    a. Grade 3–4 GIT GVHD 

    b. Diarrhea of 1 L or more in a 24-hour period documented within seven days prior to 

or on the day of collection of the positive blood culture 

  2. Neutropenia meeting one of the following criteria during the seven days prior to 

collection of the positive blood culture: 
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    a. Absolute neutrophil count (ANC) or total white blood cell count (WBC) less than 

500 per microliter of blood on at least two occasions without an ANC of 500 of greater 

    b. At least one ANC or WBC less than 100 per microliter of blood 

Secondary BSI. There are only two scenarios in which a BSI can be deemed secondary 

to another site specific infection for NHSN reporting purposes: 

a. The blood culture and primary site-specific infection culture (used to meet the primary 

infection criteria) must have at least one matching organism, AND the collection date of 

the blood specimen is within the primary site specific infections secondary BSI attribution 

period. (Scenario 1) 

OR 

b. The blood culture must be an element used to meet the site-specific infection criterion 

with a collection date in the infection window period (Scenario 2) 

 

Box S2: non-NHSN definitions 

Catheter-related bloodstream infection. A definitive diagnosis of CRBSI requires that 

the same organism grow from at least one percutaneous blood culture and from a culture 

of the catheter tip, or that two blood samples be drawn (one from a catheter hub and the 

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

blood cultures or differential time to positivity (DTP). For DTP, growth of microbes from 

a blood sample drawn from a catheter hub at least two hours before microbial growth is 

detected in a blood sample obtained from a peripheral vein (Mermel et al., 2009). 

Alternatively, two quantitative blood cultures of samples obtained through two catheter 

lumens in which the colony count for the blood sample drawn through one lumen is at 

least 3-fold greater than the colony count for the blood sample obtained from the second 

lumen should be considered to indicate possible CRBSI (Mermel et al., 2009).  

Catheter tip colonisation. Catheter-tip colonisation is diagnosed in the absence of any 

clinical signs of infection at the insertion site of the CVAD, and with growth of 

microorganisms according to precise criteria from quantitative (vortex technique (Brun-

Buisson et al., 1987), sonication technique (Sherertz et al., 1990)) or semi-quantitative 

cultures (roll-plate technique (Maki et al., 1977)) of the CVAD tip, subcutaneous CVAD 

segment, or CVAD hub (Eggimann et al., 2004; Mermel et al., 2009).  
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Appendix O Individual patient positive blood culture results tabulated into common commensal, 

primary BSI, secondary BSI, CRBSI and CVAD tip 

 No-IVFE IVFE 
Common commensal:   
- central Corynebacterium sp. (338†) 

Dermabacter hominis (602) 
Microbacterium sp. (408) 
Moraxella catarrhalis (354) 
Staphylococcus capitis (629†) 
Staphylococcus epidermidis (284; 291; 
296; 334†; 389; 421; 449; 479; 573; 
581; 610; 625; 629†; 648; 651; 653; 
684; 688; 707; 739; 1061; 1064; 1125; 
1137; 1164†; 1248) 
Staphylococcus haemolyticus (351; 
494; 500; 577; 584; 665; 668; 686; 
1011; 1028†; 1054; 1164†)  
Staphylococcus hominis (292; 358; 
432; 556†; 595; 1013; 1085†) 
Staphylococcus warneri (456; 654) 
Coag. neg. Staphylococcus (650; 675; 
677) 
Mixed coagulase neg. Staphylococcus 
sp. (376) 
Streptococcus gordonii (1085†) 
Streptococcus salivarius (1308) 
Streptococcus sp. (alpha-haemolytic) 
(420†) 
 
Micrococcus sp.; Staphylococcus 
capitis (556†) 
Staphylococcus capitis; Staphylococcus 
simulans (384) 
Staphylococcus epidermidis; 
Staphylococcus haemolyticus (467) 
Staphylococcus epidermidis; 
Staphylococcus haemolyticus; 
Staphylococcus hominis; (473) 
Staphylococcus haemolyticus; 
Staphylococcus hominis (1224) 
 

Bacillus cereus (678†; 1065†; 
1084) 
Corynebacterium sp. (1059; 1108) 
Staphylococcus capitis (258; 275; 
1313†) 
Staphylococcus cohnii (1195) 
Staphylococcus epidermidis (355; 
386; 544†; 619; 692†; 1006; 1080; 
1302) 
Staphylococcus haemolyticus 
(230†; 304; 692†) 
Staphylococcus hominis (678†; 
1065†; 1188; 1313†) 
Coag. neg. Staphylococcus (285; 
1200) 
Sphingomonas paucimobilis (545) 
 
Corynebacterium sp.; 
Staphylococcus haemolyticus (545) 

- peripheral Staphylococcus capitis (338†) 
Staphylococcus epidermidis (420†) 
Staphylococcus haemolyticus (1273) 
Coag. neg. Staphylococcus (1183) 
Mixed coag. neg. Staphylococcus sp. 
(334†) 
 

Micrococcus sp. (604) 
Staphylococcus capitis (1270†) 
Staphylococcus warneri (230†) 
Mixed coag. neg. Staphylococcus 
(1270†) 
Streptococcus mitis (732) 
 

- not documented Bacillus sp. (1028†) 
Corynebacterium jeikeium (1144) 
Staphylococcus epidermidis (1150) 
Staphylococcus haemolyticus (618; 
1319) 
Staphylococcus warneri (1109) 
Coag. neg. Staphylococcus (1087; 
1294) 
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 No-IVFE IVFE 
Primary BSI   
- CLABSI Acinetobacter baumannii complex 

(281) 
Acinetobacter sp. (667) 
Alloiococcus otitidis (1135) 
Enterobacter cloacae (416; 541; 1143) 
Escherichia coli (639; 1053) 
Klebsiella oxytoca (434; 599) 
Klebsiella pneumoniae (431) 
Pseudomonas aeruginosa (184; 1112; 
1241) 
Serratia marcescens (649) 
Staphylococcus aureus (1025) 
Staphylococcus epidermidis (446; 528; 
606; 652) 
Staphylococcus haemolyticus (212; 
611; 1269) 
Stenotrophomonas maltophilia (548) 
Streptococcus mitis (455) 
 
Acinetobacter baumannii complex; 
Staphylococcus haemolyticus (563) 
Citrobacter koseri; Pseudomonas 
aeruginosa (267) 
Clostridium sp.; Staphylococcus 
epidermidis; Streptococcus mitis (499) 
Corynebacterium sp.; Staphylococcus 
aureus (1203) 
Enterobacter cloacae; Ps. 
(Sphingomonas) paucimobilis; Coag. 
neg. Staphylococcus (1297) 
Enterobacter cloacae; Staphylococcus 
epidermidis; Staphylococcus 
haemolyticus (427) 
Enterococcus faecalis; Pseudomonas 
aeruginosa (413) 
Enterococcus faecalis; Staphylococcus 
aureus; Streptococcus mitis (630) 
Escherichia coli; Pseudomonas 
aeruginosa (544†) 
Gemella sp.; Staphylococcus 
haemolyticus (720) 
Granulicatella (Abiotrophia) adiacens; 
Streptococcus mitis (1190) 
Klebsiella oxytoca; Serratia 
marcescens; Staphylococcus 
epidermidis; Stenotrophomonas 
maltophilia (533) 
Pseudomonas aeruginosa; 
Staphylococcus aureus (703) 
Pseudomonas aeruginosa; 
Staphylococcus capitis (380) 
Pseudomonas putida; Staphylococcus 
epidermidis (689) 
Pseudomonas aeruginosa; 
Streptococcus mitis (1255) 
Staphylococcus aureus; Staphylococcus 
epidermidis (299) 

Enterobacter cloacae (708) 
Pseudomonas (Sphingomonas) 
paucimobilis (1031) 
Staphylococcus aureus (1161) 
Staphylococcus epidermidis (1202; 
1312) 
Staphylococcus haemolyticus (403; 
637; 1111) 
Staphylococcus warneri (190) 
 
Acinetobacter sp.; Escherichia coli;  
Staphylococcus capitis (1118) 
Bacteroides fragilis; Enterococcus 
faecium; Escherichia coli (551) 
Candida glabrata complex; 
Klebsiella oxytoca (1304) 
Corynebacterium sp.; Mixed coag. 
neg. Staphylococcus sp. (385) 
Escherichia coli; Klebsiella 
pneumoniae; Staphylococcus 
hominis (391) 
Klebsiella oxytoca; Staphylococcus 
haemolyticus (1206) 
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 No-IVFE IVFE 
Staphylococcus aureus (MRSA); 
Streptococcus mitis (447) 
Staphylococcus capitis; Pseudomonas 
aeruginosa; Pseudomonas aeruginosa 
(1168) 
Staphylococcus capitis; Staphylococcus 
hominis (568) 
Staphylococcus epidermidis; 
Staphylococcus haemolyticus (671; 
1267) 
Staphylococcus epidermidis; 
Staphylococcus haemolyticus; 
Pseudomonas putida (725) 
Staphylococcus epidermidis; 
Stenotrophomonas maltophilia (1191) 
Staphylococcus epidermidis, 
Staphylococcus hominis (1038) 
Staphylococcus epidermidis;  
Staphylococcus warneri (616) 
Staphylococcus epidermidis; 
Streptococcus agalactiae (Group B) 
(307) 
Staphylococcus haemolyticus; 
Staphylococcus hominis (633; 638) 
Staphylococcus lugdunensis; 
Staphylococcus haemolyticus; 
Staphylococcus hominis; Streptococcus 
agalactiae (Group B) (710) 
Coagulase Neg. Staphylococcus; 
Stenotophamonas maltophilia (1299) 
Streptococcus pneumoniae; 
Streptococcus viridians (1208) 
 

- MBILCBI Citrobacter freundii (657) 
Clostridium septicum (298; 520) 
Enterobacter cloacae (177; 492; 679) 
Enterococcus faecium (462; 1262) 
Enterococcus faecium (VRE) (333; 
1289) 
Escherichia coli (417; 439; 443; 486; 
1145; 1301) 
Escherichia coli (ESBL) (480; 1307) 
Klebsiella pneumoniae (419; 1068) 
Pseudomonas aeruginosa (469; 524) 
Streptococcus salivarius (238) 
Streptococcus mitis (372; 470; 1124; 
1184) 
 
Capnocytophaga sputigena; 
Fusobacterium nucleatum (1285) 
Enterobacter cloacae; Enterococcus 
faecium (VRE); Fungus sp.; Klebsiella 
pneumoniae; Pseudomonas aeruginosa 
(395) 
Enterococcus faecium; Staphylococcus 
haemolyticus (579) 
Escherichia coli; Staphylococcus 
capitis (1316) 

Candida glabrata complex (1042) 
Candida krusei (yeast) (1194) 
Enterococcus faecium (489; 588) 
Enterococcus faecium (VRE) 
(1279) 
Escherichia coli (1233) 
Fusobacterium nucleatum (482)  
Klebsiella pneumoniae (728) 
Streptococcus mitis (608; 1121; 
1234) 
Streptococcus salivarius (518) 
 
Capnocytophaga sp.; 
Staphylococcus epidermidis (418) 
Enterobacter cloacae; 
Enterobacter faecalis; Bacillus sp. 
(392) 
Enterobacter cloacae; Escherichia 
coli (1222) 
Enterococcus faecalis; Escherichia 
coli (MRO) (1072) 
Enterococcus faecalis; 
Staphylococcus epidermidis; 
Staphylococcus haemolyticus (273) 
Enterococcus faecium (VRE);  
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 No-IVFE IVFE 
Klebsiella oxytoca; Enterobacter 
cloacae (534) 
Klebsiella pneumoniae; Kocuria sp. 
(1218) 
Klebsiella pneumoniae; Staphylococcus 
epidermidis; Staphylococcus warneri 
(410) 
Klebsiella pneumoniae (ESBL); 
Staphylococcus epidermidis (512) 
Klebsiella pneumoniae; Streptococcus 
mitis (641) 
Pseudomonas aeruginosa; Pantoea sp. 
(1166) 
Serratia marcescens; Staphylococcus 
epidermidis (451) 
Streptococcus mitis; Staphylococcus 
epidermidis (561; 1221) 
Streptococcus salivarius; 
Staphylococcus haemolyticus (696) 
Streptococcus pneumoniae; 
Streptococcus viridians (1208) 

Escherichia coli; Staphylococcus 
epidermidis (1122) 
Enterococcus faecium (VRE); 
Corynebacterium jeikeium; 
Staphylococcus epidermidis x2 (dif. 
Phenotypes) (1056) 
Enterococcus faecium; 
Staphylococcus epidermidis (329) 
Klebsiella pneumoniae; Aeromonas 
hydrophilia (1281) 
Klebsiella pneumoniae; 
Micrococcus luteus; 
Staphylococcus epidermidis; 
Staphylococcus hominis (1088) 
Streptococcus intermedius (S. 
milleri gp); Staphylococcus capitis 
(585) 
Streptococcus mitis; 
Staphylococcus aureus (MRSA) 
(575) 
Streptococcus mitis; 
Staphylococcus capitis; 
Staphylococcus epidermidis (1116) 
Streptococcus mitis; 
Staphylococcus epidermidis (468; 
498) 
Streptococcus mitis; 
Staphylococcus epidermidis; 
Pseudomonas putida (436) 
Streptococcus mitis; 
Staphylococcus hominis (1094) 
Streptococcus mitis; 
Staphylococcus warneri (1266) 
 

Secondary BSI Bacteroides sp. (186) 
Enterobacter cloacae (450) 
Enterococcus faecalis (656) 
Enterococcus faecium (1012) 
Escherichia coli (719) 
Klebsiella pneumoniae (ESBL) (373) 
Pseudomonas aeruginosa (328) 
 
Pseudomonas aeruginosa; 
Staphylococcus haemolyticus (1083) 
Staphylococcus aureus; Staphylococcus 
haemolyticus; Staphylococcus hominis 
(1193) 
Staphylococcus aureus; Staphylococcus 
hominis (1055) 
 

Bacteroides thetaiotaomicron 
(1131) 
Escherichia coli (ESBL) (555) 
 
Ralstonia (Burk.) pickettii; 
Ralstonia sp. (1082) 

CVAD tip   
- growth < 15 CFU Staphylococcus epidermidis (432) 

Staphylococcus hominis (420) 
Coag. neg. Staphylococcus (595; 1301; 
1083) 
 

Coag. neg. Staphylococcus (708) 
Mixed Skin Flora (1304) 
 

- growth > 15 CFU Acinetobacter baumannii complex 
(*281; *563) 
Mixed skin flora (380) 

Staphylococcus aureus (MRSA) 
(*575) 
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 No-IVFE IVFE 
Pseudomonas aeruginosa (*413; *328) 
 

Staphylococcus epidermidis 
(*1202) 
Mixed coag. neg. Staphylococcus 
(392) 

ABBREVIATIONS 
*matching CVAD tip and BC 
†patient had multiple common contaminants 
Coag. neg. = coagulase negative 
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